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I, — A  List   op   Spidees  Captfeed   iir  the  Seychelles  Islajtds,    by 
Peoeessoe  E.  Peeceval  Weight,  M.  D.,  E.  L.  S.  ;  ivith  Desceip- 

Tir       oE  Species  sttpposed  to  be   i^ew  to  AeachjS"ologists,    by 
J  lackwall,  E.  L.  S.    ISTotes  and  Preface,  by  the  Eey.  0.  P. 

^iDGE,  M.  A.,  C.  M.  Z.  S.,  &c.     Plates  1  &  2. 

[Eead,  Jfovemter  13,  1876.] 

[The  following  descriptions  of  Seychelles  Spiders  were  prepared  by 

my  old  friend  Mr.  Blackwall,  rather  more  than  six  years  ago.  Their 

publication  has  been  tinayoidably  delayed,  and  a  request  has  been  made 

to  me  by  Dr.  E.  Perceval  Wright  (with  Mi-.  Blackwall's  kind  assent)  to 
revise  them,  and  to  add  such  annotations  as  the  progress  of  Araneology 

in  the  past  six  years  might  seem  to  require.  In  doing  this,  I  have 

had  an  advantage  not  possessed  by  Mr.  Blackwall ;  and  that  is,  typical 

examples  of  many  closely  allied  species  for  comparison  with  the  types 

(kindly  sent  to  me  by  Dr.  "Wright)  from  which  Mr.  Blackwall's  descrip- tions were  made. 

Although  not  in  accordance  with  the  systematic  arrangements  now 

generally  followed,  I  have,  of  course,  not  altered  that  which  Mr. 

Blackwall  has  adopted  in  the  present  list,  and  which  he  himself  esta- 

blished, many  years  ago,  on  strong  grounds  of,  at  least  practical,  oonve- 
K.  I.  A.  PROC,  SER.  II.,  VOL,  III,— SCIENCE.  B 
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nience.  In  order,  also,  not  to  alter  nor  mutilate  his  wonderfully 
lucid  and  minute  descriptions,  I  have  included  such  observations  as 

seemed  requisite,  in  a  different  type,  and  within  brackets,  chiefly  at 

the  end  of  the  several  descriptions  of  those  species  to  which  the  obser- 
vations apply. 

Bloxwoeth,  Dorset, 
September  19^,  1876.] 

0.  P.  Ca^ibeidge. 

Tribe  OCTO]SrOCULIN-A. 

Eamily  SALTICID^. 

Genus  Saxticus,  Latr. 

Salticus  "Weightii,  n.  sp.  [Attus,  Sim.].  Plate  1,  fig.  1. 
Length  of  the  female  (not  including  the  spinners)  xVths  of  an  inch  ; 

length  of  the  cephalothorax,  #o' ;  breadth,  -jV ;  breadth  of  the  abdo- 
men, -iV ;  length  of  an  anterior  leg,  -f^ ;  length  of  a  leg  of  the  third 

pair,  \. 
The  minute  intermediate  eye  of  each  lateral  row  is  nearer  to  the 

anterior  than  to  the  posterior  eye  of  the  same  row.  The  cephalotho- 
rax is  large,  glossy,  and  somewhat  quadrilateral ;  it  slopes  abruptly 

at  the  base,  has  a  broad  indentation  in  the  medial  line,  and  is  of  a  dark 
reddish-brown  colour,  with  a  broad,  curved,  brownish-red,  transverse 
band  near  the  middle,  whose  convexity  is  directed  backwards,  and  a 
transverse  bar  of  the  same  hue  between  the  anterior  and  posterior  eyes. 
The  falces  are  powerful,  conical,  slightly  prominent,  divergent  at  the 
extremity,  and  armed  with  a  few  teeth  on  the  inner  surface.  The 
maxillas  are  strong,  straight,  and  enlarged  at  the  extremity,  which  is 
obliquely  rounded  on  the  inner  side ;  and  the  lip  is  oblong,  and  rounded 
at  the  apex.  These  parts  are  of  a  reddish-brown  colour,  the  extremity 
(if  the  maxillae  and  the  apex  of  the  lip  having  a  yellowish- Avhite  hue. 
The  sternum  is  oval,  with  slight  prominences  on  the  sides,  opposite  to 
the  legs  ;  the  posterior  is  broader  than  the  anterior  extremity,  and  its 
colour  is  yellowish- white.  The  legs  are  robust,  especially  those  of  the 
antei'ior  pair ;  they  are  provided  with  hairs,  and  the  first  and  second 
])airs  have  two  parallel  rows  of  spines  on  the  inferior  surface  of  the 
tibise  and  metatarsi ;  the  anterior  legs  are  of  a  reddish-brown  colour, 
Avith  the  exception  of  the  tarsi,  which  have  a  brownish-yellow  hue ; 
the  colour  of  the  first,  second,  and  third  pairs  is  brownish-yellow,  that 
of  the  sides  of  the  femora  being  brown ;  the  first  pair  is  the  longest, 
then  the  second,  and  tlie  third  pair  is  the  shortest ;  each  tarsus  is  ter- 

minated by  two  cuiTed,  minutely  pectinated  claws,  below  which  thei-o 
is  a  small  scopula.  The  palpi  are  slender,  of  a  brownish-yellow  hue, 
and  the  digital  joint  is  supplied  with  long  hairs.  The  abdomen  is 
long,  subcylindrical,  and  tapers  to  the  spinners,  which  are  prominent, 
the  superior  pair  being  the  longest ;  a  broad  yellowish- white  band, 
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whose  lateral  margins  are  slightly  sinuous,  extends  along  the  middle 

•of  the  upper  part ;  the  anterior  part,  contiguous  to  the  cephalotho- 
rax,  and  the  sides,  are  of  a  dark-brown  colour  ;  a  yellowish- white  line 
passes  along  the  latter,  from  the  posterior  half  of  which  two  streaks  of 
the  same  hue  are  directed  obliquely  backwards  and  downwards  ;  the 
under  part  is  of  a  yellowish-white  colour,  with  a  short,  transverse, 
brown  bar  near  the  spinners,  which  have  a  dark-brown  hue,  their 
bases  and  extremities  being  yellowish- white :  the  sexual  organs  are 
moderately  developed,  and  of  a  brownish-red  colour. 

I  have  bestowed  on  this  prettily  marked  Salticus  the  name  of  Pro- 
fessor E.  Perceval  Wright,  who,  on  various  occasions,  has  transmitted 

to  me  highly  interesting  collections  of  foreign  spiders,  and  has  most 
liberally  permitted  me  to  describe  such  species  as  were  supposed  to  be 
unknown  to  arachnologists. 

Salticus  acutus,  n.  sp.  [Attus,  Sim.].  Plate  1,  fig.  2. 

Length  of  the  female  (not  including  the  spinners)  -n-ths  of  an 
inch ;  length  of  the  cephalothorax,  -fV ;  breadth,  -^V ;  breadth  of  the 
abdomen,  -jV ;  length  of  a  leg  of  the  third  pair,  -^ ;  length  of  a  leg  of 
the  second  pair,  -J-. 

The  cephalothorax  is  convex,  glossy,  somewhat  quadrilateral, 
sloping  gradually  towards  the  front,  and  abruptly  at  the  base ;  it  has 
a  slight  depression  between  the  posterior  pair  of  eyes,  is  sparingly  sup- 

plied with  whitish  hairs,  and  is  of  a  yellowish-red  colour  ;  the  cephalic 
region  is  strongly  tinged  with  brown,  especially  about  the  lateral  eyes. 
A  brown  spot  occurs  on  each  side  of  the  posterior  slope,  and  the  frontal 
margin  is  provided  with  long  yellowish-white  hairs.  The  minute  in- 

termediate eye  of  each  lateral  row  is  nearly  equidistant  from  the  eyes 
constituting  its  extremities.  The  falces  are  short,  subcorneal,  vertical, 
and  armed  with  a  few  teeth  on  the  inner  surface ;  the  maxillas  are 
straight,  and  enlarged  and  rounded  at  the  extremity ;  the  lip  and 
sternum  are  oval,  the  latter  being  broader  at  the  posterior  than  at  the 
anterior  extremity.  The  legs  are  robust,  especially  those  of  the  an- 

terior pair,  and  are  provided  with  hairs  and  spines,  two  parallel  rows 
■of  the  latter  occurring  on  the  inferior  surface  of  the  tibise  and  meta- 

tarsi of  the  first  and  second  pairs  ;  the  third  pair  is  the  longest,  then 
the  fourth,  and  the  first  pair  slightly  surpasses  the  second ;  each  tar- 

sus is  terminated  by  two  curved,  minutely  pectinated  claws,  below 
which  there  is  a  small  scopula ;  the  palpi  are  short,  and  the  radial 
and  digital  joints  are  well  supplied  with  pale  hairs.  These  parts  are 
of  a  brownish-yellow  hue,  the  falces  being  the  darkest.  The  abdomen 
is  oviform,  convex  above,  and  tapers  to  the  spinners,  which  are  pro- 

minent ;  it  is  clothed  with  pale  hairs,  and  is  of  a  yellowish- white 
eolour,  the  under  part  being  the  palest ;  an  irregular  brown  band 
extends  along  each  side  of  the  upper  part,  and  the  space  between  these 
bands  comprises  a  series  of  rather  obscure  angular  and  curved  lines  of 
the  same  hue  ;  a  narrow  band,  consisting  of  short  brown  streaks  and 

spots,  curves  round  the  anterior  extremity,  and  passes  obliquely  down- 
B  2 
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wards  ;  the  sides  are  marked  with  oblique  lines  composed  of  short 
hrown  streaks,  and  there  is  a  triangular  spot  of  a  similar  colour 
directly  above  the  coccyx ;  a  minute  brown  spot  is  situated  immedi- 

ately before  the  spinners  on  the  under  part,  and  the  sexual  organs, 
which  are  well  developed,  are  of  a  dull  reddish-brown  colour. 

The  male  bears  a  general  resemblance  to  the  female,  but  differs 
from  her  in  various  particulars.  Its  cephalothorax,  which  is  darker 
coloured,  has  a  patch  of  hairs  before  the  medial  depression,  a  smaller 
one  behind  each  large  anterior  eye,  and  a  broad  band  curved  from  its 
anterior  margin  across  the  middle  of  the  posterior  slope  ;  these 
patches  and  the  band  have  a  white  hue,  and  there  are  a  few  long  black 
bristles  situated  below  the  small  intermediate  eye  of  each  lateral  row. 
The  large  anterior  eyes  are  of  a  bright  green  hue,  and  are  encircled 
by  short  white  hairs.  The  falces  have  some  white  hairs  at  their  base, 
and  with  the  base  of  the  maxillae  and  lip  are  of  a  brown-red  colour. 
The  extremity  of  the  femora,  the  genua,  and  the  tibiae  of  the  first  and 
second  pairs  of  legs  are  of  a  red-brown  colour,  the  inferior  surface 
being  the  darkest ;  and  the  third  and  fourth  pairs  are  marked  with 
annuli  of  the  same  hue.  The  radial  joint  of  the  palpi  is  smaller  than 
the  cubital,  and  has  a  pointed  adophysis  directed  forwards  from  the 
outer  side  of  its  extremity.  The  digital  joint  is  oval,  hairy,  convex 
above,  and  comprises  in  its  concavity  the  palpal  organs,  which  are 
moderately  developed,  not  very  complex  in  structure,  with  a  pointed 
spine  curved  round  their  extremity  from  the  inner  to  the  outer  side, 
and  are  of  a  reddish-brown  colour.  The  abdomen  is  slender,  and  the 
irregular  brown  band  that  extends  along  each  side  of  the  upper  part  in 
the  female  is  usually  more  or  less  broken  into  spots  in  the  male,  and 
the  superior  spinners  have  a  brown  streak  on  their  upper  surface. 

Saltious  activus,  n.  sp.  [Heliophanus,  C.  L.  Koch].    Plate  1,  fig.  3. 

Length  of  the  female  (not  including  the  spinners),  -^-th  of  an  inch; 
length  of  the  cephalothorax,  ̂ V ;  breadth,  ̂ V ;  breadth  of  the  abdo- 

men, -re  ;  length  of  a  posterior  leg  of  the  second  pair,  -rif  • 
The  minute  intermediate  eye  of  each  lateral  row  is  nearly  equi- 

distant from  the  eyes  constituting  its  extremities.  The  cephalothorax 
is  convex,  glossy,  somewhat  quadrilateral,  with  a  slight  indentation 
in  the  middle,  and  is  provided  with  short  whitish  hairs  ;  it  slopes 

gradually  towards  the  front,  abruptly  at  the  base,  and  its  predomi- 
nant colour  is  red-brown  ;  the  cephalic  region  has  a  dark-brown  hue, 

and  a  line  of  white  hairs  extends  along  each  side  above  the  lateral 

margin.  The  falces  are  short,  subconical,  A'ertical,  and  armed  with 
one  or  two  small  teeth  at  the  extremity ;  the  maxillae  are  straight, 
and  enlarged  and  rounded  at  the  extremity  ;  and  the  lip  is  ovaL 
These  organs  are  of  a  red-brown  colour,  the  falces  being  the  darkest, 
and  the  extremities  of  the  maxillae  and  lip  the  palest ;  the  sternum  is 
oval  and  rather  broader  at  the  posterior  than  at  the  anterior  extremity. 
The  legs  are  moderately  strong,  provided  with  hairs  and  spines,  twa 
parallel  rows  of  the  latter  occurring  on  the  inferior  surface  of  the  tibia; 
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and  metatarsi  of  the  first  and  second  pairs ;  the  fourth  pair  is  the 
longest,  then  the  third,  and  the  second  pair  is  rather  shorter  than  tlie 
first ;  each  tarsus  is  terminated  by  two  small,  curved,  minutely  pecti- 
snated  claws,  below  which  there  is  a  small  scopula.  These  parts  have 
a  brownish-yellow  hue,  the  legs  being  tinged  with  brown  at  the  arti- 

culation of  the  joints.  The  palpi  are  short,  lighter  coloured  than  the 
legs,  and  the  radial  and  digital  joints  are  well  supplied  with  pale 
hairs.  The  abdomen  is  oviform,  convex  above,  somewhat  pointed  at 
the  spinners,  which  are  prominent,  and  is  clothed  with  pale  hairs  ; 

the  upper  part  and  sides  are  of  a  brown  colour,  the  former  being- 
spotted  with  yellowish- white.  A  yellowish- white  band,  which  curves 
round  the  anterior  extremity,  and  extends  along  the  sides,  projects 
two  streaks  of  the  same  hue  from  its  inner  margin,  on  each  side,  the 
two  posterior  ones  nearly  forming  a  transverse  band  about  a  third  of 
its  length  from  the  spinners ;  the  under  part  is  of  a  yellowish- white 
-colour,  with  a  transverse  brown  bar  before  the  spinners ;  and  the  sexual 
organs,  which  are  minute,  have  a  dark  reddish-brown  hue. 

The  male  is  smaller  and  much  darker  coloured  than  the  female. 

The  palpi  have  a  dark-brown  hue,  and  the  humeral  joint  has  a  pointed 
process  near  its  base,  on  the  under  side,  which  is  curved  downwards  ; 
the  digital  joint  has  an  oblong  oval  form  ;  it  is  convex  above, 

-densely  clothed  with  whitish  hairs,  compact  at  the  extremity,  with  a 
concavity  at  the  base  that  comprises  the  palpal  organs,  which  are 
neither  highly  developed  nor  complex  in  structure,  and  are  of  a  dark- 
brown  colour. 

[I  feel  no  doubt  but  that  this  spider  is  the  Attus  luguhris  of 

Vinson  (Araneides  des  lies  de  la  Eeunion,  &c.,  p.  50,  PI.  x.,  fig.  7),  and 

this  latter  species  is  certainly  identical  with  the  Attus  variabilu  of 

the  same  author.  The  examples  from  which  Mr.  Blackwall's  descrip- 
tions were  made  have  lost  colour  and  lustre  considerably,  but  the  abdo- 

minal pattern  is  quite  distinct  in  both  sexes.  The  humeral  joint  of  the 

male  palpus  (as  noticed  by  Mr.  Blackwall)  is  armed  with  the  pointed 

protuberance  characteristic  of  the  genus  Heliophanus.] 

Saltiotts  constrictiis,  n.  sp.  [Salticus,  Sim.].     Plate  1,  fig  4, 
Length  of   an  immature  female,  ̂ th  of    an  inch ;  length  of  the 

cephalothorax,  iV ;  breadth,  -oV  ;  breadth  of  the  abdomen,  -h^  ;  length 
of  a  posterior  leg,  -J  ;  length  of  a  leg  of  the  second  pair,  -^. 

The  cephalothorax  is  long,  broad  and  quadrate  in  the  cephalic 
region,  immediately  behind  which  it  is  constricted,  and  then  tapers  to 
its  base  ;  it  is  glossy,  sparingly  supplied  with  hairs,  projects  a  little 
beyond  the  base  of  the  falces,  and  is  of  a  brownish-yellow  colour  tinged 
with  red,  particularly  on  the  posterior  half.  The  eyes  are  seated  on 
black  spots,  and  the  minute  intermediate  one  of  each  lateral  row  is 
nearly  equidistant  from  the  eyes  constituting  its  extremities.     The 
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falces  are  short,  subconical,  slightly  prominent,  and  are  armed  with  a 
few  minute  teeth  on  the  inner  surface  ;  the  maxillse  are  straight,  and 
enlarged  and  rounded  at  the  extremity  ;  the  lip  is  longer  than  broad 
and  rounded  at  the  apex ;  the  sternum  is  long  and  narrow,  and  has 
slight  eminences  on  its  sides,  opposite  to  the  legs.  The  legs  are  slender, 

pro-vided  with  hairs,  and  have  two  curved  claws  at  the  extremity  of 
each  tarsus,  below  which  there  is  a  small  scopula  ;  the  fourth  pair  is 
the  longest,  then  the  third,  and  the  second  pair  is  the  shortest ;  the 

palpi  are  short,  and  the  digital  joint  is  somewhat  enlarged  at  its  extre- 
mity. These  parts  are  of  a  yellowish-white  hue,  the  falces  and  lip 

having  a  slight  tinge  of  red,  and  the  genua  and  tibiie  of  the  first  pair 
of  legs  have  a  pale-brown  line  extending  along  their  anterior  surface. 
The  abdomen  is  oviform,  glossy,  thinly  clothed  with  pale  hairs,  and 
is  connected  with  the  base  of  the  cephalothorax  by  a  long  slender 
pedicle ;  it  is  strongly  constricted  about  one-third  of  its  length  from 
the  anterior  extremity,  and  is  of  a  pale  yellowish-brown  colour,  a 
transverse  band  before  and  after  the  constriction,  and  the  branchial 
opercula  having  a  brown  hue. 

Family  LYSSOIIAXID.E. 

The  spiders  of  this  family  are  most  nearly  allied  to  those  of  the 
family  Salticidae,  but  they  differ  from  them  decidedly  in  the  form  of 
the  cephalothorax,  the  disposition  of  the  eyes,  the  figure  of  the  max- 

illse, of  the  lip,  and  sternxim,  and  also  in  the  structure  of  the  spinners, 
the  superior  pair  having  the  spinning-tubes  arranged  on  the  inferior 
surface  of  the  pointed  terminal  joint.  These  marked  differences  in 
their  external  organization,  indicating  a  corresponding  modification  of 
habits  and  economy,  have  induced  me  to  propose  for  their  reception  a 
family  distinct  from  that  of  the  Salticida:. 

Genus  LrssoiiAWES,   Hentz. 

[Although  the  genus  Lyssomanes  (Hentz)  is  an  exceedingly  distinct 

and  remarkable  one,  there  appears  to  be  nothing  to  warrant  its  separa- 
tion from  the  Salticides,  with  which  its  general  form  and  characters 

show  it  to  be  unmistakably  allied.  The  example  from  which  Mr. 

Blackwall's  description  is  made  had  apparently  not  long  cast  its  skin, 
so  that  its  colourless  condition  is  probably  not  that  which  belongs  to 
the  adult  form.] 

Ltssomakes  PALLExs,  n.  sp.     Plate  1,  fig.  5. 

Length  of  an  immature  male  (not  including  the  spinners),  \  of  an 
inch ;  length  of  the  cephalothorax,  ̂ V ;  breadth,  -iV ;  breadth  of  the 
abdomen,  -oV ;  length   of  a   posterior   leg,   i ;    length   of  an  anterior 
Ipo-      --fi- 

The  colour  of  this  spider  is  white  tinged  with  yellow,  particularly 
on  the  sides  and  base  of  the  cephalothorax.  The  eyes  are  disposed  on 
tlie  anterior  part  of  the  cephalothorax  ;  two,  which  are  situated  in 
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front,  are  much  the  largest,  and  are  prominent,  pellucid,  and  almost 
in  contact ;  on  each  side  of  the  tipper  part  of  the  cephalic  region  three 
eyes  are  placed,  in  the  form  of  an  irregular  triangle,  on  small  tuher- 
clcs  seated  on  confluent  black  spots,  the  intermediate  eye,  constitut- 

ing the  vertex  of  an  obtuse  angle,  being  the  smallest  of  the  eight. 
The  cephalothorax  is  somewhat  quadrate,  convex,  glossy,  slightly 
rounded  on  the  sides  and  at  the  base,  and  moderately  elevated  in  the 
cephalic  region.  The  falces  are  small,  subcorneal,  and  inclined  to- 

wards the  sternum,  which  is  broad,  convex,  and  heart-shaped ;  the 
raaxillse  are  short,  rounded  at  the  extremity,  and  inclined  towards 
the  lip,  which  is  somewhat  quadrate,  being  broader  at  the  base  than 

at  the  apex.  The  legs  are  slender,  and  provided  with  hairs  and  long- 
spines,  two  parallel  rows  of  the  latter  extending  along  the  inferior 
surface  of  the  tibise  and  metatarsi  of  the  first  and  second  ,pairs  ;  each 
tarsus  is  terminated  by  two  minute,  curved  claws,  below  which  there 
is  a  small  black  scopula.  The  abdomen  is  long,  subcylindrical,  and 
has  a  few  short,  pale  hairs  distributed  over  its  surface.  The  superior 
spinners  are  the  longest,  and  their  terminal  joint,  which  is  pointed, 
has  the  spinning-tubes  arranged  on  its  inferior  surface.  The  palpi  of 
the  specimen  from  which  the  description  was  made  were  very  timid, 
but  the  palpal  organs  were  not  developed,  indicating  that  it  probably 
had  to  undergo  its  final  change  of  integument  before  it  arrived  at 
maturity  ;  the  radial  was  stronger  than  the  cubital  joint,  and  promi- 

nent in  front. 

Pamily  THOMISID^. 

Genus  Thomisus,    Walch. 

Thomistjs  iNSTJLAEis,  n.  sp.  [Xysticus,  Koch].     Plate  1,  fig.  6. 

Length  of  the  female,  -gTi-ths  of  an  inch ;  length  of  the  cephalo- 
thorax, iV;  breadth,  xV;  breadth  of  the  abdomen,  -fV;  length  of  an  an- 

terior leg,  -fis  ;  length  of  a  leg  of  the  third  pair,  iV- 
The  eyes  are  disposed  on  the  anterior  part  of  the  cephalothorax  in 

two  transverse  curved  rows,  forming  a  crescent  whose  convexity  is 
directed  forwards ;  the  eyes  of  each  lateral  pair  are  larger  than  the 
intermediate  ones,  and  are  seated  on  tubercles  united  at  their  bases, 
the  anterior  ones  being  the  largest,  and  the  intermediate  eyes  of  the 
posterior  row  the  smallest  of  the  eight.  The  cephalothorax  is  convex, 
glossy,  somewhat  compressed  before,  truncated  in  front,  rounded  on 
the  sides,  abruptly  depressed  at  the  base,  and  has  a  few  fine  bristles 
directed  forward  from  its  anterior  margin;  its  colour  is  red-brown, 
mottled  with  pale  red  and  yellowish-browji ;  it  is  darkest  on  each  side 
of  the  posterior  slope,  and  the  lateral  margins  are  black  ;  a  broad  band, 
which  extends  from  the  eyes  along  the  middle  to  its  base,  is  of  a 
yellowish- white  colour  in  the  cephalic  region,  and  is  strongly  tinged 
with  red  on  the  posterior  slope,  at  the  commencement  of  which  it  is 
somewhat  contracted ;  the  anterior  part  of  the  baud  comprises  two 
oblong  red-brown  spots  whose  pointed  anterior  extremities  extend  to 



8  Proceedings  of  the  Royal  Irish  Academy. 

the  posterior  intermediate  eyes,  between  which  there  are  two  short 
confluent  streaks  of  the  same  hue.  The  falces  are  short,  cuneiform, 
vertical,  and  of  a  red-brown  colour,  being  palest  at  the  base,  in  front, 
where  there  is  an  irregular  yellowish-white  spot.  The  maxill®  are 
obliquely  truncated  at  the  extremity,  on  the  outer  side,  and  inclined 
towards  the  lip,  Avhich  is  triangular,  but  rounded  at  the  apex.  These 
parts  are  of  a  red-brown  colour,  their  extremities  having  a  yellowish- 
brown  tint.  The  sternum  is  heart-shaped,  glossy,  and  of  a  pale-yellow 
hue.  The  legs  are  provided  with  hairs  and  spines,  two  parallel  rows 
of  the  latter  occurring  on  the  inferior  surface  of  the  tibiae  and  meta- 

tarsi of  the  first  and  second  pairs,  and  a  few  conspicuous  ones  on  the 
anterior  side  of  the  former ;  they  are  of  a  pale  red-brown  hue,  with 
yellowish- white  annuli  more  or  less  perfectly  formed,  those  on  the 
base  of  the  third  and  fourth  pairs  being  much  the  broadest ;  the  first 
and  second  pairs,  which  are  longer  and  more  robust  than  the  third  and 
fourth  pairs,  are  equal  in  length,  and  the  third  pair  is  the  shortest ; 
each  tarsus  is  terminated  by  two  curved,  minutely  pectinated  claws. 
The  palpi,  which  are  short  and  slender,  resemble  the  legs  in  colour, 
and  have  a  small  curved  claw  at  their  extremity.  The  abdomen  is 
oviform,  moderately  convex  above,  projecting  a  little  over  the  base  of 
the  cephalothorax,  and  has  a  few  short  hairs  distribiited  over  its 
surface  ;  it  is  of  a  whitish  hue,  with  a  large  dark-brown  band,  freckled 
with  minute  white  spots,  extending  along  the  middle  of  the  upper 
part  to  the  coccyx ;  this  band  is  irregular  in  outline  and  broadest  about 
the  middle ;  it  then  tapers  to  its  extremity,  which  has  a  tinge  of  red, 
and  projects  short  parallel  streaks  from  each  side  ;  a  white  line,  which 
passes  from  the  anterior  part  of  the  band  along  the  middle,  is  crossed 
near  its  extremity  by  two  short  curved  lines  of  the  same  hue,  and  is 
followed  by  two  white  spots,  the  anterior  one  being  the  larger ;  the 
band  also  comprises  five  depressed  dark -brown  spots ;  the  three 
anterior  ones  describe  an  angle  whose  vertex  is  directed  forwards,  and 
the  other  two  are  parallel  to  its  base  ;  the  sides  are  marked  with  dark- 
brown  confluent  spots  that  form  oblique  rows ;  a  pale-brown  band, 
which  tapers  to  its  extremity,  extends  from  the  yellow  branchial  oper- 
cula  along  the  middle  of  the  under  part  to  the  spinners,  the  superior 
and  inferior  pairs  of  wliich  organs  are  spotted  with  black  at  the 

base ;  the  sexual  organs  are  well  developed,  and  have  a  pale  red- 
brown  hue. 

Grenus  Olios,  Walck. 

Olios  validus,  n.  sp.  [Isopeda,  L.  Koch].     Plate  1,  fig.  7. 

Length  of  the  female,  \\\s  inch;  length  of  the  cephalothorax,  iV; 

breadth,  -re  ;  breadth  of  the  abdomen,  -h^j  ;  length  of  a  leg  of  the  second 
pair,  2xV  ;  length  of  a  leg  of  the  third  pair,  li^y. 

The  eyes  are  disposed  on  the  anterior  part  of  the  cephalothorax  in 
two  transverse  nearly  parallel  rows,  the  anterior  row,  which  is  the 

shorter,  being  situated  immediately  above  the  fi'ontal  margin ;  the 
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four  intermediate  eyes  form  a  square,  and  those  of  each  lateral  pair 
are  placed  obliquely  and  wide  apart  on  a  tubercle  ;  the  anterior  lateral 
eyes  are  the  largest,  and  the  posterior  intermediate  ones  the  smallest 
of  the  eight.  The  cephalothorax  is  large,  convex,  glossy,  slightly 
•compressed  before,  truncated  in  front,  rounded  on  the  sides,  and  has 
an  indentation  in  the  medial  line  of  the  posterior  region  ;  it  is  clothed 

with  short  dull-yellowish  hairs,  and  has  a  red-brown  hue,  the  anterior 
part  being  the  darkest.  The  falces  are  powerful,  conical,  slightly 
prominent,  somewhat  divergent  at  the  extremity,  armed  with  teeth  on 
the  inner  surface,  and  have  some  long  yellowish  hairs  in  front  ;  the 
maxillae  are  strong,  rounded  at  the  extremity,  and  curved  towards  the 
lip,  which  is  somewhat  quadrate,  being  broader  at  the  base  than  at 
the  apex.  These  parts  are  of  a  brownish-black  colour,  the  extremity  of 
the  maxillae  and  the  apex  of  the  lip  having  a  tinge  of  red ;  the  latter 
and  the  extremity  of  the  falces  on  the  inner  side  are  densely  fringed 

with  long  bright-red  hairs  ;  the  sternum  is  heart-shaped,  and  of  a 
red-brown  colour.  The  legs  are  long,  robust,  provided  with  hairs  and 
strong  sessile  spines,  and  are  of  a  red-brown  colour ;  the  second  pair  is 
the  longest,  then  the  first,  and  the  third  pair  is  the  shortest ;  each 
tarsus  is  terminated  by  two  curved,  pectinated  claws,  and  the  anteiior 

part  of  the  tibiae  and  the  metatarsi  and  tarsi  are  supplied  with  dark- 
brown  scopulae  on  the  inferior  surface.  The  palpi  resemble  the  legs 
in  colour;  the  digital  joint,  which  is  the  darkest,  is  supplied  with 
numerous  short  hairs,  and  has  a  small,  curved,  pectinated  claw  at  its 
extremity.  The  abdomen  is  oviform,  pointed  at  the  spinners,  convex 
above,  and  projects  over  the  base  of  the  cephalothorax ;  the  upper  part 

is  clothed  with  short  hairs,  some  long  ones  of  a  yellowish  hue  being- 
interspersed  ;  it  is  of  a  brown  colour,  and  has  a  short,  transverse, 
yellow  bar  at  its  anterior  extremity  ;  the  under  part  is  black  ;  a  broad 
transverse,  orange-coloured  band,  comprising  the  branchial  opercula 
and  sexual  organs,  occurs  at  its  anterior  extremity,  and  from  each  of 
the  branchial  stigmata  a  fine  yellowish-white  line  passes  nearly  to  the 
spinners.  The  sexual  organs  are  moderately  developed,  somewhat 
oval  in  form,  and  of  a  red-brown  colour. 

The  male  is  smaller  than  the  female,  and  its  legs  are  much  more 
slender ;  it  is  rather  lighter  coloured  also,  and  the  extremity  of  its  ab- 

domen, on  the  under  side,  has  also  an  orange  hue.  The  radial,  which 
is  a  little  longer  than  the  cubital  joint  of  the  palpi,  has  a  long  spine 
directed  forwards  from  each  side  of  its  base,  and  projects  a  strong  and 
somewhat  pointed  black  apophysis  from  its  extremity,  on  the  outer 
side  ;  the  digtial  joint  has  an  oblong-oval  form,  and  brown  colour  ;  it 
is  convex  and  hairy  externally,  concave  within,  comprising  the  palpal 
organs,  which  are  well  developed,  complex  in  structure,  with  a  strong 
process  curved  round  the  base  to  the  inner  side,  and  their  colour  is  an 
intermixture  of  very  dark  and  light  red-brown. 

[The  genus  Olios,  Walck.  (Sarotes,  Sund.)  being  found  incapable  of 

including  a  large  number  of  gigantic ThomisidoD  of  this  group,  discovered 
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lately  (especially  in  Australia),  those  spiders  have  been  subdivided  into 

several  more  or  less  well-marked  genera  by  Dr.  T.  Thorell,  and  Dr.  L. 

Koch ;  to  one  of  these  genera,  Isopeda  (L.  Koch),  the  fine  spider- 
above  described  appears  to  belong.  The  genus  Sarotes,  Sund.,  now 

comprises  a  restricted  group,  of  which  the  type  is  the  widely  dispersed 

and  common  species  S.  regius,  Fabr.  =  Olios  leucosius,  Walck.]  . 

Genus  Sparassus,   Walch. 

SpAiiASSTJS  GriTATrs,  n.  sp.  [Leiocranum,  L.Koch].    Plate  1,  fig.  8. 

Length  of  an  immature  female,  ̂ th  of  an  inch  ;  length  of  the  ccph- 
alothorax,  xg- ;  breadth,  -i\- ;  breadth  of  the  abdomen,  ̂ tr ;  length  of  an 
anterior  leg,  ̂  ;  length  of  a  leg  of  the  third  pair,  i. 

The  eyes,  which  are  seated  on  black  spots,  are  disposed  on  the- 
anterior  part  of  the  cephalothorax  in  two  slightly  carved,  nearly  parallel 
rows,  the  posterior  row  being  rather  the  longer  ;  the  four  intermediate 
eyes  form  a  square  ;  the  two  anterior  ones  are  the  largest  and  darkest 
coloured  of  the  eight,  and  the  two  posterior  ones  are  the  smallest.  The 
cephalothorax  is  convex,  glossy,  compressed  before,  rounded  in  front 
and  on  the  sides,  depressed  at  the  anterior  part,  abruptly  so  at  the 
base,  and  has  an  indentation  in  the  medial  line  of  the  posterior  region; 

it  is  of  a  brownish-yellow  colour,  with  narrow,  dark-brown  lateral 
margins ;  a  short  line  is  directed  backwards  from  each  eye  of  the 
posterior  row,  and  a  fine  one  passes  obKquely  backwards  from  the 
extremity  of  each  exterior  line  till  it  comes  in  contact  with  a  medial 
line  whose  anterior  extremity  is  the  finer,  and  the  sides  are  marked 
with  spots  and  short  streaks ;  these  lines,  streaks  and  spots  are  of  a 
brown  colour.  The  falces  are  conical,  vertical,  and  armed  with  a  few 
small  teeth  at  their  extremity ;  the  maxillte  are  short,  rounded  at  the 
extremity,  and  slightly  inclined  towards  the  lip,  which  is  broader  than 
long  and  somewhat  quadrate ;  and  the  sternum  is  broad,  convex  and 
heart-shaped.  These  parts  are  of  a  yellowish- white  colour,  and  the 
falces,  which  are  rather  the  darkest,  have  an  oblong  brown  spot  at 
their  base,  in  front.  The  legs  are  slender,  and  do  not  differ  greatly 
in  length ;  they  are  provided  with  hairs  and  long  sessile  spines,  two 

-parallel  rows  of  the  latter  extending  along  the  inferior  surface  of  the 
tibise  and  metatarsi  of  the  first  and  second  pairs,  and  are  of  a  dull- 
yellowish  colour,  tinged  with  brown,  the  metatarsi  of  the  posterior 
legs  having  a  dark-brown  annulus  at  their  base  and  extremity ;  the 
first  pair  is  rather  the  lougest,  the  fourth  pair  slightly  sui-passes  the 
second,  and  the  third  pair  is  the  shortest ;  each  tarsus  is  terminated 
by  two  curved,  minutely  pectinated  claws,  below  which  there  is  a 
small  scopula.  The  palpi  resemble  the  legs  in  colour,  and  have  a 
slender,  curved,  slightly  pectinated  claw  at  their  extremity.  The 

abdomen  is  ovifoi'm,  pointed  at  the  spinners,  moderately  convex  above, 
and  projects  a  little  over  the  base  of  the  cephalothorax  ;  it  is  of  a 
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yellowish-wliite  colour,  tlic  under  part  being  the  palest  ;  the  sides  are 
freckled  with  small  brown  spots,  and  there  is  a  series  of  spots  of  a 
similar  hue,  having  an  angular  form  and  somewhat  larger  size,  that 
extends  along  the  middle  of  the  npper  part,  but  is  not  continued  to  its 
extremities ;  two  large  black  spots  occur  on  each  side  of  the  under 
part ;  the  anterior  ones  comprise  the  branchial  opcrcula,  and  the 
posterior  ones,  which  are  the  largest,  are  pointed  at  their  posterior 
extremity. 

I  have  felt  some  difficulty  in  assigning  a  place  to  this  spider  in  tlio 
family  Thomisidte,  to  which  its  immature  state  has  in  some  measure 
contributed.  In  several  particulars,  and  especially  in  the  figure  of  its 
lip,  it  resembles  certain  species  belonging  to  the  genus  Olios,  but  I 
have  been  induced  by  its  predominant  characteristics  to  include  it, 
provisionally,  in  the  genus  Sparassus. 

[Whatever  this  spider  may  be,  it  is  certainly  not  a  Sparassus,  and, 

in  spite  of  a  very  laterigrade  appearance,  it  probably  belongs  to  the 

Drassides  rather  than  to  the  Thomisides.  I  have  a  very  nearly  allied, 

though  distinct  (and  as  yet  undescribed),  species  of  the  genus  to  which 

it  belongs,  from  Ceylon.  Dr.  Ludwig  Koch,  to  whom  I  forwarded 

examples  of  the  Ceylon  species,  says  they  are  certainly  of  the  family 

Drassides,  and,  in  his  opinion,  of  the  genus  Leiocranum,  L.  Koch. 

It  will  probably  be  necessary  to  found  a  new  genus  upon  these  spiders, 

differing,  as  they  do  materially,  from  the  typical  Leiocranum,  into  which 

genus  I  cannot  at  all  fit  them.  In  giving  the  above  opinion  I  am 

supported  by  the  difficulty  felt  by  Mr.  Blackwall  in  regard  to  assigning- 
this  spider  a  place  in  the  family  Thomisides,  and  by  his  placing  it, 

provisionally  only,  in  the  genus  Sparassus — (see  the  remarks  at  the  end 
of  his  description).] 

Family  DEASSID^. 

Genus  Clubiona,  Latr. 

Clttbwna.  nigeomaculosa,  n.  sp.     Plate  2,  fig.  9. 

Length  of  an  immature  female,  o^ths  of  an  inch ;  length  of  the 

cephalothorax,  ̂ o" ;  breadth,  iV  ;  breaclth  of  the  abdomen,  -^^ ;  length 
of  a  posterior  leg,  -iV ;  length  of  a  leg  of  the  third  pair,  i. 

The  abdomen  is  oviform,  pointed  at  the  spinners,  which  arc  promi- 
nent, thinly  clothed  with  white  hairs,  moderately  convex  above,  pro- 

jecting over  the  base  of  the  cephalothorax,  and  is  of  a  pale-yellowish 
colour ;  a  series  of  six  small  black  spots,  disposed  in  pairs  and  almost 
contiguous,  extends  from  the  anterior  extremity  of  the  upper  part 
along  the  middle  nearly  half  of  its  length,  and  is  followed  by  a  series 
of  eight  very  minute  spots  of  the  same  hue,  also  disposed  in  pairs,  but 
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separated  by  distinct  intervals ;  these  series  are  comprised  between 
two  rows  ol  black  spots,  which  converge  towards  the  spinners,  two  of 
them,  on  each  side,  being  confluent  with  those  of  ultimate  and  penul- 

timate pairs  of  the  intermediate  series  of  minute  spots ;  a  few  very 
minute  black  spots  also  occur  on  the  posterior  half  of  each  side.  The 
•eyes  are  seated  on  black  spots,  and  form  two  transverse  rows  on  the 
anterior  part  of  the  cephalothorax  ;  the  anterior  row,  which  is  the 
shorter  and  straight,  is  situated  immediately  above  the  frontal  margin; 
the  posterior  row  is  slightly  curved,  having  its  convexity  directed  up- 

wards, and  the  interval  between  the  intermediate  eyes  is  greater  than 
that  which  separated  them  from  the  lateral  eyes  of  the  same  row  ;  the 
four  intermediate  eyes  describe  a  trapezoid,  the  two  anterior  ones,  which 
form  its  shortest  side,  being  rather  the  largest  of  the  eight.  The  ceph- 
ulothorax  is  oval,  rounded  in  front  and  on  the  sides,  convex,  glossy, 

with  a  very  slight  narrow  indentation  in  the  medial  line  of  the  poste- 
rior part ;  it  is  of  a  dull-yellow  colour,  with  a  fine,  irregular,  brown 

lino  on  each  side  of  the  cephalic  region.  The  falccs  are  conical,  rather 
prominent,  and  armed  with  a  few  small  teeth  on  the  inner  surface ; 
the  maxillae  are  enlarged  and  somewhat  divergent  at  the  extremity  ; 
the  lip  is  oblong,  and  broader  at  the  base  than  at  the  apex,  which  is 

I'ounded ;  the  sternum  is  oval,  with  small  prominences  on  the  sides, 
opposite  to  the  legs.  The  legs  are  long,  and  provided  with  hairs  and 
sessile  spines,  dark-coloured  hair-like  papillae  occurring  on  the  inferior 
surface  of  the  metatarsi  and  tarsi  of  the  first  and  second  pairs ;  the 
fourth  pair  is  the  longest,  then  the  second,  and  the  third  pair  is  the 
shortest ;  each  tarsus  is  terminated  by  two  curved,  pectinated  claws, 
below  which  there  is  a  small  scopula ;  the  palpi  are  short,  and  the 
digital  joint  is  well  supplied  with  hairs,  which  give  it  the  appearance 
of  being  somewhat  enlarged,  particularly  at  the  extremity.  These 
parts  have  a  pale-yellowish  hue,  the  cephalothorax  being  rather  the 
•darkest. 

Pamily  CINIFLONID^E. 

Genus  Okithyia,  Blachw.  [Uloborus,  Walch.'] 
OniTnYIA  WlLLIAJISir. 

Orithyia  Williamsii,  JBlachio.,  Ann.  and  Mag.  cf  Nat.  Hist.,  ser.  3, 
vol.  ii.,  p.  331 ;  vol.  viii.,  p.  443,  and  vol.  xviii.,  p.  453. 

Orithyia  luteola. 

Orithyia  luteola,  Blachc,  Ann.  and  Mag.  of  Nat.  Hist.,  ser.  3,  vol. 
xvi.,  p.  89. 

Oeithyia  gnava. 

Orithyia  gnava  (female),  Blachu.,  Ann.  and  Mag.  of  Nat.  Hist.,  ser. 
3,  vol.  xvi.,  p.  90. 

The  male  of  this  species,  which  seems  to  have  escaped  the  observa- 
tion of  arachnologists,  is  not  so  robust  as  the  female,  but  its  legs  are 
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longer;  it  is  also  rather  darker  coloured,  and  the  protuberance  on 
which  the  intermediate  eyes  of  the  anterior  row  are  seated  is  more 
prominent.  The  palpi  arc  short ;  the  radial  is  stronger  than  the 
cubital  joint,  and  the  digital  joint  is  oval,  pointed  at  its  extremity, 
convex  and  hairy  externally,  concave  within,  comprising  the  palpal 
organs,  which  are  highly  developed,  prominent,  not  very  complex  in 
structure,  and  of  a  brownish-yellow  colour.  The  convex  sides  of  the 
digital  joints  are  directed  towards  each  other. 

Family  THERIDIID^. 

Genus  Theridiox,  WalcJc. 

Theeidion  placets,  n.  sp.     Plate  2,  fig.  10. 

Length  of  the  female,  o^ths  of  an  inch  ;  length  of  the  cephalothorax,^ 

iV ;  breadth,  -aV ;  breadth  of  the  abdomen,  -j4- ;  length  of  an  anterior 
leg,  i ;  length  of  a  leg  of  the  third  pair,  \. 

The  cephalothorax  is  convex,  glossy,  compressed  before,  rounded 
in  front  and  on  the  sides,  and  has  an  indentation  in  the  medial  line  of 
the  posterior  region  ;  the  falces  are  conical  and  vertical ;  the  maxilla; 
are  obliquely  truncated  at  the  extremity,  on  the  outer  side,  and  in- 

clined towards  the  lip,  which  is  semicircular ;  the  sternum  is  heart- 
shaped.  The  legs  are  long,  and  provided  with  hairs  ;  the  first  pair  is 
the  longest,  then  the  third,  and  the  fourth  pair  is  the  shortest ;  each 
tarsus  is  terminated  by  three  claws ;  the  two  superior  ones  are  curved, 
and  slightly  pectinated,  and  the  inferior  one  is  inflected  near  its  base ; 
the  palpi  are  slender  and  have  a  curved  minutely  pectinated  claw  at 
their  extremity.  These  parts  are  of  a  pale-yellowish  colour.  The 
eyes  are  disposed  on  the  anterior  part  of  the  cephalothorax  in  two 
transverse  rows ;  the  four  intermediate  ones  form  a  square,  the  ante- 

rior ones,  which  are  seated  on  a  small  protuberance,  being  the  largest 
and  darkest  of  the  eight ;  the  eyes  of  each  lateral  pair  are  placed  on  a 
minute  tubercle,  and  are  contiguous.  The  abdomen  is  oviform,  convex 
above,  and  projects  over  the  base  of  the  cephalothorax ;  it  is  of  a 

^yellowish-brown  colour,  the  under  part  being  the  palest,  with  an  irre- 
gular line  composed  of  white  spots  extending  along  each  side  of  the 

middle  of  the  upper  part ;  the  sexual  organs,  which  are  moderately 
developed,  have  in  connexion  with  them  a  triangular  process  directed 
backwards,  and  are  of  a  yellowish-red  colour. 

The  male  is  rather  smaller  and  darker  coloured  than  the  female. 

The  radial  joint  of  its  palpi  is  stronger  than  the  cubital  joint ;  the 
digital  joint  is  oval,  convex  and  hairy  externally,  concave  within,  com- 

prising the  palpal  organs,  which  are  well  developed,  rather  complex 
in  structure,  with  a  fine,  black,  slightly- curved,  pointed  spine  on  the 
lower  side,  which  is  directed  forwards.  The  convex  sides  of  the 
digital  joints  are  directed  towards  each  other. 

Immature  individuals  of  this  species  arc  darker  coloured  than  adult 
females. 
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TnEE.IDIOX  LETE,  n.  sp. 

Length,  of  an  immature  female,  ̂ Vth.  of  an  incli;  length  of  the 

cephalothorax, -oij;  breadth, -jV  ;  breadth  of  the  abdomen,  ̂ \-;  length. 
of  an  anterior  leg,  i ;  length  of  a  leg  of  the  third  pair,  ̂ 2-- 

The  eyes  are  seated  on  black  spots  on  the  anterior  part  of  the  eeph- 
alothorax ;  the  four  intermediate  ones  form  a  square,  the  two  anterior 
ones,  which  are  placed  on  a  small  protuberance,  being  the  largest  of 
the  eight ;  the  eyes  of  each  lateral  pair  are  seated  on  a  minute  tubercle, 
and  are  near  to  each  other,  but  not  in  contact.  The  cephalothorax  is 
slightly  compressed  before,  rounded  in  front,  and  on  the  sides  convex, 
glossy,  and  has  a  slight  indentation  in  the  medial  line  of  the  posterior 
region ;  it  is  of  a  yellowish-white  colour,  a  brown  band  extencling  from 
each  lateral  pair  of  eyes  nearly  to  its  base.  The  falces  are  conical, 
vertical,  and  have  a  brownish-yellow  hue.  The  maxillae  are  obliquely 
truncated  at  the  extremity  on  the  outer  side,  and  inclined  towards  the 
lip,  which  is  short  and  pointed  at  the  apex.  These  organs  have  a  pale- 
yellowish  hue,  the  former  being  tinged  with  brown  on  the  outer  side. 
The  sternum  is  heart-shaped,  convex,  glossy,  and  of  a  dull  yellow 
colour,  with  brownish-black  lateral  margins.  The  legs  are  slender, 
supplied  with  short  hairs,  and  are  of  a  pale  yellowish-brown  hue, 
marked  obscurely  with  soot-colour  at  the  ariiculation  of  the  joints ; 
the  first  pair  is  the  longest,  then  the  second,  and  the  third  pair-  is  the 
shortest.  The  palpi  are  short,  without  soot-coloui'ed  marks,  and  are 
terminated  by  a  small  curved  claw.  The  abdomen  is  oviform,  convex 
iibove,  projects  over  the  base  of  the  cephalothorax,  and  is  of  a  dull- 
yellowish  colour,  freckled  with  white ;  a  pale  brown  dentated  band 

•extends  fi'om  the  anterior  extremity  of  the  upper  part,  along  the 
middle,  about  two-thirds  of  its  length,  and  is  followed  by  three  soot- 
coloui'ed  lines  that  meet  at  the  coccyx,  the  intermediate  one  being 
composed  of  small  spots ;  the  spinners  have  a  brownish-black  hue,  and 
the  outer  side  of  the  branchial  opercula  is  soot-coloured. 

Genus  Ap.gtxodes,  Simon. 

Akgyxodes  E.0STEATA,  n.  sp.     Plate  2,  fig.  11, 

Length  of  the  male,  from  the  anterior  part  of  the  cephalothorax  to 
the  summit  of  the  abdominal  cone,  iV  of  an  inch ;  length  of  the  ceph- 

alothorax, "sV ;  breadth,  -gV ;  breadth  of  the  abdomen,  -h^ ;  length  of  an 
anterior  leg,  \ ;  length  of  a  leg  of  the  third  pair,  iV- 

The  abdomen  rises  from  its  anterior  extremity,  which  projects  a 
little  over  the  base  of  the  cephalothorax,  into  a  large  obtuse  cone 
greatly  elevated  above  the  spinners ;  the  upper  part  has  a  brilliant 
silvery-white  colour,  with  a  brownish-black  band  extending  along  the 
middle  to  the  summit  of  the  abdominal  cone  ;  the  sides,  posterior  face 
of  the  cone,  and  under  part  are  of  a  brownish-black  colour,  the  last 
having  a  tinge  of  red ;  a  white  point  is  projected  from  the  upper  part 
on  each  side  ;  a  line  of  the  same  hue,  bifid  at  its  superior  extremity, 
extends  along  each  side  of  the  posterior  face  of  the  cone,  and  two  small 
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•white  spots  are  placed  transversely,  immediately  before  the  spinners, 
-on  the  under  side ;  these  points,  streaks,  and  spots  have  a  brilliant 
silvery  lustre.  The  cephalothorax  is  oval,  moderately  convex,  glossy, 

"with  a  slight  indentation  in  the  medial  line  of  the  posterior  part,  and 
a  pointed  conical  prominence  in  the  cephalic  region,  which  has  a 
process  in  front  directed  obliquely  forwards  and  upwards,  whose 
■obtuse  extremity  is  provided  with  hairs ;  it  is  of  a  red-brown  colour, 
the  fine  lateral  margins  and  the  summit  of  the  cone  being  much  the 
darkest.  The  falces  are  conical,  vertical,  and  armed  with  a  few  teeth 

■on  the  inner  surface ;  the  maxillae  are  somewhat  enlarged  at  the  ex- 
tremity, and  slightly  inclined  towards  the  lip.  These  organs  are  of  a 

red-brown  colour,  the  maxillee  being  rather  the  darker.  The  lip  is 
semicircular,  and  prominent  at  the  apex,  and  the  sternum  is  heart- 
shaped,  convex,  and  glossy.  These  parts  have  a  brownish-black  hue. 
The  eyes  are  seated  on  the  cephalic. cone;  the  four  intermediate  ones 
nearly  form  a  square  ;  the  two  anterior  ones,  which  are  the  largest  of 
the  eight,  are  situated  on  the  summit  of  the  cone,  in  front,  and  the 
two  posterior  ones  a  little  below  the  summit ;  the  eyes  of  each  lateral 
pair  are  placed  on  a  minute  tubercle  nearer  to  its  base,  and  are  con- 

tiguous. The  legs  are  slender,  provided  with  short  hairs,  and  have  a 
pale  yellowish-brown  hue ;  the  first  pair  is  the  longest,  then  the 
second,  and  the  third  pair  is  the  shortest.  The  palpi  resemble  the  legs 
in  colour,  with  the  exception  of  the  digital  joint,  which  has  a  dark- 
brown  hue,  tinged  with  red ;  the  cubital  is  larger  than  the  radial 
joint,  and  the  digital  joint  is  oval,  convex,  and  hairy  externally, 
concave  within,  compressing  the  palpal  organs,  which  are  highly 
ileveloped,  complex  in  structure,  prominent  at  the  extremity  on  the 
outer  side,  and  are  of  a  red-brown  colour. 

[This  spider  is  exceedingly  closely  allied  to  ̂ r^yrorZes  epeirce,  Sim., 

but  may  be  distinguished  without  difBLcultyby  the  more  projecting  (or 

less  vertical)  direction  of  the  characteristic  process  in  front  of  the  upper 

part  of  the  caput.  In  general  form,  colours,  and  markings  the  two 

species  are  remarkably  similar  ;  and  probably  the  economy  of  the  Sey- 

chelles species  is  the  same  as  that  of  A.  epeirce,  since  the  spider  {Cyr- 

tophora  [Epeird)  opuntice,  Duf.)  in  whose  webs  the  latter  is  found 

■appears  to  be  also  found  in  the  Seychelles  Islands.] 

Pamily  EPEIRID^. 

Genus  Epeiea,  Walclc. 

Epeera  obsctjha,  n.  sp.  [Epeira  nocturna,  Vins.] 

Length  of  the  female,  f  of  an  inch-;  length-of  the  cephalothorax,  \; 
breadth,  J- ;  breadth  of  the  abdomen,  ] .  The  first  pair  of  legs  is  the 
longest,  then  the  second,  and  the  third  pair  is  tlie  shortest ;   but  as 
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these  limbs  were  mutilated,  their  absolute  length  could  not  be  deter- 
mined with  accuracy. 

The  cephalothorax  is  compressed  before,  rounded  in  front  and  on 
the  sides,  convex,  depressed  at  the  base,  with  an  indentation  on  the 
medial  line  of  the  posterior  region ;  it  is  thinly  clothed  with  short 
whitish  hairs,  and  is  of  a  reddish-yellow  colour.  The  eyes  are  dis- 

posed on  the  anterior  part  of  the  cephalothorax  in  two  transverse 
rows ;  the  four  intermediate  ones  are  seated  on  a  prominence,  and 
nearly  form  a  square,  the  two  anterior  ones,  which  are  wider  apart 
than  the  posterior  ones,  being  the  largest  of  the  eight ;  the  eyes  of 
each  lateral  pair  are  placed  obliquely  on  a  tubercle,  and  are  near  to 
each  other,  but  not  in  contact.  The  falces  are  powerful,  conical, 
vertical,  and  armed  with  teeth  on  the  inner  surface ;  the  maxillae  are- 
short,  straight,  and  enlarged  and  rounded  at  the  extremity.  These 
organs  are  of  a  dull-yellowish  hue,  tinged  with  soot-colour  on  the 
inner  surface.  The  lip,  which  is  semicircular,  is  of  a  reddish-brown 
colour  at  the  base,  that  of  the  margin  and  apex  being  yellow.  The 
sternum  is  heart-shaped,  with  small  eminences  on  the  sides,  opposite 
to  the  legs  ;  it  has  a  brownish-yellow  hue,  the  medial  line  being  the 
palest.  The  legs  are  provided  with  hairs,  and  have  a  brownish-yellow 
hue,  with  reddish-brown  annuli.  The  palpi  resemble  the  legs  in 
colour,  and  are  terminated  by  a  curved,  pectinated  claw.  The  abdo- 

men is  broad,  triangular,  somewhat  depressed,  and  projects  over  the 
base  of  the  cephalothorax ;  it  is  sparingly  supplied  with  short  white 

bail's,  and  has  on  the  upper  part  a  large,  dentated,  dark-brown  mark,, 
that  tapers  to  the  sphiners ;  it  is  obscurely  mottled  with  dull  yellow, 
and  is  barred  transversely  Avith  dark  brown  above  the  coccyx ;  the 
anterior  part  comprises  a  dark-brown  band  that  extends  more  than  a 
third  of  its  length,  and  is  triangular  at  its  anterior,  and  obtuse  at  its 
posterior  extremity ;  brown  lines  pass  obliquely  from  the  lateral 
margins  of  the  dark -brown  mark  to  the  upper  part  of  the  sides,  which,^ 
with  the  under  part,  are  of  a  brownish-yellow  hue,  streaked  and 
freckled  with  brown ;  the  middle  of  the  under  part  is  brown,  tinged 

with  dull-yellow  in  the  medial  line,  and  has  a  pale-yellow  line  on 
each  side,  which  is  enlarged  and  curved  inwards  at  its  posterior 
extremity.  The  sexual  organs  are  well  developed,  of  a  red-brown 
colour,  and  project  from  their  anterior  margin  a  pointed,  prominent 
process,  directed  backwards,  which  is  somewhat  depressed  and  hol- 

lowed on  the  upper  side  at  its  extremity. 

[This  spider,  Epeira  ohscura,  is,  without  doubt,  the  E.  nocturna,. 

Yinson.  (Araneides  deslles  de  la  Eeunion,  &c.,  PL  4,  fig.  3).] 

EpErRA  MoKEin. 

Epeira  Morelii,  Vinson,  Araneides  des  lies  de  la  Reunion,  Maurice 

et  Madagascar,  ̂ .  \QQ,  ̂ \,i\.,^^.i\.  "        °" 
Length  of  the  female,  -f^  of  an  inch;  length  of  the  cephalo- 

thorax, i;  breadth,  ̂ V;  breadth  of  the  abdomen,  -\;  length  of  an 
anterior  leg,  -i- ;  length  of  a  leg  of  the  third  pair,  ̂ . 
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The  figure  and  description  of  this  handsome  species  given  by 
il.  Yinson  are  those  of  a  young  male,  whose  palpal  organs  -were  not 
developed,  and  which  probably  had  to  undergo  its  final  ecdysis  before 
it  arrived  at  maturity. 

As  the  female,  though  larger  than  the  male,  resembles  it  in  colour, 
I  shall  here  briefly  offer  a  few  remarks  upon  it  relative  to  such 
particulars  as  have  been  omitted  by  AT.  Yinson.  The  eyes  are  seated 
on  black  spots,  and  the  posterior  ones  of  the  lateral  pairs  are  the 
smallest  of  the  eight.  The  maxillse  are  enlarged  and  somewhat 

rounded  at  the  extremity,  and  of  a  brownish-yellow  colour.  The  lip 
is  semicircular,  and  slightly  pointed  at  the  apex  ;  and  the  sternum  is 
heart-shaped,  with  eminences  on  the  side,  opposite  to  the  legs.  These 
parts  have  a  brown  colour ;  the  base  of  the  lip,  which  is  the  darkest, 
is  tinged  with  red,  and  its  apes  has  a  brownish-yellow  hue ;  a 
yellowish-white  line,  that  tapers  to  its  extremity,  extends  along  the 
middle  of  the  sternum.  The  first  and  second  pairs  of  legs  are  marked 
with  brown  at  the  extremity  of  the  joints,  on  the  under  side,  and  the 
fourth  pair  is  longer  than  the  second.  The  abdomen  has  a  brown 
band,  streaked  longitudinally  with  dull  yellow,  extending  along  each 
side,  and  the  yellowish-white  medial  band  on  the  upper  part  comprises 
an  obscure,  pale-brown,  longitudinal  line :  the  branchial  opercula 
have  a  brown  hue,  and  there  is  in  connexion  with  the  sexual  organs  a 
prominent  curved  process,  directed  backwards,  which  is  of  a  red- 
brovm  colour,  its  extremity  being  much  the  darkest. 

EpeiPwA  oprxTi-E  [Cyrtophora,  Sim.] 

Epeira  opuntife,  JDufour,  Bescrijyt.  de  six  Aran,  nouv.,  Ann.  gener. 
des  sc.  fhys.,  torn,  iv.,  p.  359,  PI.  69,  fig.  3. 

Epezea  cogxata,  n.  sn.  [Argyrodes,  Sim.  Family  Theeidiidae.] 
Plate  2,  fig.  12. 

Length  of  the  female,  from  the  anterior  part  of  the  cephalothorax 
to  the  summit  of  the  abdominal  cone,  i  of  an  inch;  length  of  the 
cephalothorax,  -iV;  breadth,  iV ;  breadth  of  the  abdomen,. ^V;  length 
of  an  anterior  leg,  i ;  length  of  a  leg  of  the  third  pair,  \. 

The  abdomen  has  a  large  conical  protuberance  situated  near  the 
middle  of  the  upper  part,  high  above  the  spinners,  which  has  an 
obtuse  prominence  on  each  side  of  its  extremity  ;  it  is  broader  in  tlie 
middle  than  at  the  anterior  part,  which  projects  a  little  over  the  base 
of  the  cephalothorax  ;  a  black  band,  bordered  by  a  white  line,  extends 
along  the  middle  of  the  upper  part  to  the  base  of  the  conical  pro- 

tuberance, which  is  black  in  fi'ont,  with  a  white  spot  on  each  side, 
and  of  a  yellowish-white  colour,  mingled  with  black,  in  its  posterior 
region,  the  apices  of  its  terminal  prominences  having  a  yellowish- 
white  hue,  and  there  are  a  few  white  spots  at  the  base  of  the  spinners; 
the  sides  have  a  triangular  form,  and  their  colour  is  black,  with  pale 
reddish  and  yellowish-broAvn  intermixed,  an  angular  wliitish  mark, 
whose  lower  limb  is  the  longer,  and  whose  vertex  is  directed  back- 

wards and  downwards,  being  situated  at  the  extremity  of  each ;  the 
E.  I.  A.  PROC,  VOL.  III.,  SEE,  II.,  SCIENCE.  C 
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under  part  lias  a  dull  reddisli-brown  hue,  obscurely  spotted  ■svith 
yellowish-wliite,  tliat  of  the  branchial  opercula  being  brown.  The 
sexual  organs  are  highly  developed,  very  prominent,  much  enlarged 

at  the  extremity,  which  has  a  convexity  on  each  side,^  and  their 
colour  is  dark  red-brown.  The  cephalothorax  is  somewhat  oval, 
slightly  compressed  before,  moderately  rounded  on  the  sides,  convex, 
glossv,  with  a  large  transverse  indentation  in  the  medial  line,  and  is 
of  a  dark  red-brown  colour,  the  medial  region  being  the  palest.  The 
falces  are  conical,  rather  prominent,  and  armed  with  a  few  teeth  on 
the  inner  surface :  the  maxilliB  are  obliquely  truncated  at  the  ex- 

tremity, on  the  outer  side,  and  slightly  inclined  towards  the  lip,  which 
is  semicircular,  but  somewhat  pointecl  at  the  apex ;  and  the  sternum 
is  oblong  heart-shaped,  with  small  eminences  on  the  sides,  opposite  to 
the  legs.  These  parts  have  a  yellowish-brown  colour,  the  falces 
being  the  darkest.  The  eyes  are  disposed  on  the  anterior  part  of  the 
cephalothorax  in  two  transverse  rows,  high  above  the  frontal  margin ; 
the  four  intermediate  ones  form  a  square,  the  anterior  ones,  which  are 
seated  on  a  small  prominence,  being  the  largest  and  darkest  coloured 
of  the  eight ;  the  eyes  of  each  lateral  pair  are  seated  on  a  minute 
tubercle,  and  are  contiguous.  The  legs  are  long,  slender,  provided 
vrith  a  few  hairs,  and  are  of  a  yellowish-brown  hue,  with  red-brown 
annuli ;  the  first  pair  is  the  longest,  then  the  second,  and  the  third 
pair  is  the  shortest ;  each  tarsus  is  tenninated  by  claws  of  the  usual 
number  and  structure.  The  palpi  are  short,  of  a  yellowish-white 
colour,  with  the  exception  of  the  radial  and  digital  joints,  which  have 
a  dark-brown  hue,  and  the  latter  has  a  slender,  curved  claw  at  its  ex- 
tremity. 

The  male  is  smaller  and  darker  coloured  than  the  female,  but  its 
legs  are  longer,  an  anterior  one  measuring  ̂ V  of  an  inch ;  the  large 
conical  protuberance  is  more  erect,  the  annuli  on  the  legs  are  scarcely 
perceptible,  except  at  the  joints,  and  in  the  space  surrounded  by  the 
eyes  there  is  a  cone  directed  obliquely  forwards,  which  is  surmounted 
by  a  few  hairs.  The  design  fonncd  on  the  abdomen  by  the  distribu- 

tion of  its  colours  is  similar  in  both  sexes.  The  humeral,  radial,  and 

digital  joints  of  the  palpi  are  of  a  dark -brown  colour,  tinged  with 
red,  and  that  of  the  cubital  joint  is  yellowish -brown  ;  the  radial  joint 
is  produced  at  its  extremity,  on  the  outer  side  ;  the  digital  joint  is 
oval,  convex,  and  hairy  externally,  concave  within,  comprising  the 
palpal  organs,  which  are  well  developed,  complex  in  structure,  and  of 
a  red-brown  colour.  The  convex  side  of  the  digital  joints  are  directed 
towards  each  other. 

[This  spider  is  undoubtedly  an  Argyrodes,  and  very  closely  alKcd 

to  A.  Syriaca  (Camb.),-  which  it  resembles  in  the  very  characteristic 

1  That  on  the  left  side  of  the  specimen  described  appeared  to  be  abnormal  in 
form. 

2  Spiders  of  Palestine  and  Sjnii,  "Proceedings  Zoological  Society,"  187f, 
p.  279,  pi.  xiii.,  fig.  10. 
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-conical  prominence  at  the  apex  of  the  caput  in  the  male  ;  the  larger 
size,  however,  of  the  spicier,  and  a  considerable  difference  in  the  form 

■of  the  abdomen,  together  with  other  distinctions  of  colours,  markings, 
and  palpal  structure  will  make  the  male  easily  distinguishable,  while 

the  very  remarkable  development  of  the  epigyne  of  the  female  is 

totally  unlike  that  of  the  female  of  JE.  Syriaca.  The  abnormal  de- 
velopment of  one  side  of  this  sexual  appendage,  mentioned  in  Hr. 

Elackwall's  note,  is  only  apparent,  being  evidently  caused  by  the 
accidental  adhesion  of  a  small  particle  of  resinous  matter,  the  colour 

of  which  happens  to  resemble  nearly  that  of  the  appendage  in 

question.] 
Genus  Xephila,  Leach. 

jS^ephila  ixatjkata. 

!N"ephila  inaurata,  Wcdchenaer,  Hist.  Hat.  des  Insect.  Aj?f.,  torn. 
ii.,  p.  94. 

x^EPHiLA  PLtaiiPES.     Plate  2,  fig.  13. 

Xephila  plumipes,  ̂ och,  Die  Arachn.,  bd.  vi.,  p.  138,  tab.  213, 
fig.  529.    JValckenaer,  Sist.  Nat.  des  Insect.  Apt.,  tom.  ii.,  p.  99. 

Length  of  the  male,  yV  of  an  inch ;  length  of  the  cephalothorax,  yV; 

breadth,  iV  '■  breadth  of  the  abdomen,  -^ ;  length  of  an  anterior  leg,  -f; 
length  of  a  leg  of  the  third  pair,  \. 

The  eyes  are  seated  on  black  spots  on  the  anterior  part  of  the 
cephalothorax ;  the  four  intermediate  ones  nearly  form  a  square,  the 
anterior  ones,  which  are  rather  wider  apart  than  the  posterior  ones, 
and  are  placed  on  a  small  protuberance,  being  the  largest  of  the  eight ; 
the  eyes  of  each  lateral  pair  are  seated  on  a  tubercle,  and  are  near  to 
each  other,  but  not  in  contact.  The  cephalothorax  is  convex,  glossy, 
compressed  before,  rounded  in  front  and  on  the  sides,  with  a  broad 
indentation  in  the  medial  line  of  the  posterior  region ;  it  is  of  a  duU- 
yellow  colour,  with  a  brown  patch  on  each  side  of  the  thorax.  The 
fakes  are  conical,  vertical,  armed  with  one  or  two  small  teeth  on  the 

inner  surface,  and  are  of  a  dull-yellow  colour.  The  maxillae  are  en- 
larged and  rounded  at  the  extremity,  and  slightly  inclined  towards 

the  lip,  which  is  triangular.  These  parts  are  of  a  brownish-yellow 
colour,  the  latter  having  a  dark-brown  hue  on  each  side  of  its  base. 
The  sternum  is  heart-shaped,  with  small  eminences  on  the  sides, 
opposite  to  the  legs,  and  is  of  a  dark-brown  colour,  a  yellowish- white 
line,  which  tapers  to  its  extremity,  extending  along  the  middle.  The 
legs  are  long,  slender,  provided  with  hairs  and  some  long  spines,  and 
are  of  a  brownish-yellow  colour  ;  the  first  pair  is  the  longest,  then  the 
second,  and  the  third  pair  is  the  shortest.  The  palpi  are  short,  and  of 
a  pale-yellow  hue,  that  of  the  digital  joint  being  brown ;  the  radial  is 
slightly  larger  than  the  cubital  joint,  and  the  digital  joint  is  oval, 
convex,  and  haiiy  externally,  concave  within,  comprising  the  palpal 

C  2 
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organs,  wliieh  aro  liiglily  developed,  sub-globose,  glossy,  with,  a  long,, 
slender,  moderately  curved  process  at  their  extremity,  whose  pointed 
termination  is  slightly  recurved,  and  are  of  a  dark-broAvn  colour.  The 
abdomen  is  subcylinchieal,  rather  broader  at  the  anterior  than  at  the 
posterior  extremity,  which  is  rounded,  and  projects  a  little  beyond  the 
spinners ;  a  broad,  irregular,  oliVe-brown  band  extends  along  the- 
middle  of  the  upper  part,  and  comprises  some  pale-yellow  spots,  six, 
which  are  minute,  being  disposed  in  pairs  immediately  above  the- 
spinners ;  a  pale-yellow  band  curves  round  the  anterior  extremity, 
and  passes,  with  some  interruptions,  along  each  side  of  the  medial 

band ;  the  sides  are  of  an  olive-brown  colour,  marked  with  in-egular- 
spots  and  streaks  of  a  yellow  hue,  and  a  brown  olive-brown  baud, 
bounded  laterally  by  a  white  line,  extends  along  the  middle  of  the 
under  part ;  the  colour  of  the  branchial  opercula  is  dark-broA^ii. 

It  will  be  perceived  that  I  have  felt  some  hesitation  in  announcing 

this  ]N"ephila,  which  seems  to  be  unknown  to  arachnologists,  as  the male  of  iV.  ]}lumi2)es,  to  which  it  appears  to  approximate  more  nearly 
than  to  any  other  species  that  I  am  aec[uaintecl  with. 

[I  have  carefully  compared  the  example  from  which  ̂ Ir.  Black- 

wall's  description  is  made  with  several  ujidoubted  examples  of  the 
male  of  N.  phimipes  received  from  the  Brazils,  and  can  iind  no  specific 

difference  whatever.  This  sex  is  described  and  figured  (the  figure  is 

very  imperfect)  by  Dr.  B.  S.  Wilder,  in  the  "Proceedings  of  the 

Boston  Society  of  IS'atural  History"  for  October,  1865.] 

Genus  TetkagjS'AXHA,  Latr. 

Teteagxatha  3IIXAX,  u.  sp.     Plate  2,  fig.l4. 

Length  of  the  male  (not  including  the  falces),  -t%  of  an  inch ; 
length  of  a  f  alx,  i  ;  length  of  the  cephalothorax,  1  ;  breadth,  iV ; 
breadth  of  the  abdomen,  iV ;  length  of  an  anterior  leg,  1^ ;  length  of 
a  leg  of  the  third  pair,  f. 

The  eyes  are  seated  on  black  spots,  and  are  disposed  on  the  ante- 
rior part  of  the  cephalothorax  in  two  transverse,  nearly  parallel 

rows ;  the  four  intermediate  ones  describe  a  square,  the  anterior  ones, 
which  are  placed  on  a  small  protuberance,  being  the  largest,  and  the 
anterior  eye  of  each  lateral  pair  the  smallest  of  the  eight.  The  ceph- 

alothorax is  long,  moderately  convex,  glossy,  compressed  before, 
rounded  in  front,  slightly  so  on  the  sides,  has  an  indentation  in  the- 
medial  line  of  the  posterior  region,  and  is  sparingly  supplied  with 
short  pale  hairs  ;  the  falces  are  very  long  and  prominent,  widely 
divergent,  naiTower  at  the  base  than  at  the  extremity,  and  armed 

with  a  long,  slightly  curved,  reddish-bi'own  fang,  a  curved,  pointed 
process  directed  forwards  near  the  extremity  of  the  upper  part, 
towards  the  inner  side,  and  a  row  of  teeth  on  each  side  of  the  groove 
occupied  by  the  fang  when  in  a  state  of  repose  ;  the  superior  row 
comprises  twelve  teeth,  the  anterior  one  being  the  largest,   and  the 
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inferior  row  consists  of  about  sixteen  teeth.  The  lip  is  semicircular 
and  prominent  at  the  apex ;  the  maxillae  are  long,  straight,  and 
enlarged  at  the  extremity,  which  is  rounded  on  the  inner  side,  and 
angular  and  prominent  on  the  outer  side  ;  the  sternum  is  heart-shaped, 
with  small  eminences  on  the  sides,  opposite  to  the  legs  ;  the  legs  are 
very  long,  slender,  and  provided  with  hairs  and  spines  ;  the  first  pair 
is  the  longest,  then  the  second,  and  the  third  pair  is  much  the 
shortest ;  each  tarsus  is  terminated  by  claws  of  the  usual  number  and 
structure.  These  parts  are  of  a  pale,  dull-yellow  colour  ;  the  inner 
margin  of  the  maxillte  is  soot-coloured,  and  the  base  of  the  lip  has  a 
Tcd-brown  hue.  The  palpi  are  long,  slender,  and  of  a  yelloMdsh- white 
colour  ;  the  radial  is  longer  than  the  cubital  joint  and  clavate  ;  the 
digital  joint  consists  of  two  narrow,  membraneous  parts  clothed  with 
hairs  externally,  one  of  which  is  much  longer  than  the  other  ;  with 
the  base  of  these  parts  the  palpal  organs  are  connected ;  they  are 
moderately  developed,  glossy,  sub-globose,  and  terminate  in  a  promi- 

nent, curved  spine,  enveloped  in  membrane,  which  is  recurved  and 
somewhat  enlarged  at  its  extremity,  and  they  are  of  a  pale  red-brown 
colour.  The  abdomen  is  long,  sub  cylindrical,  and  tapers  to  its 
extremity,  which  projects  a  little  beyond  the  spinners  ;  it  is  of  a  dull- 
yellowish  colour  retioulated  with  brown  lines  ;  a  ramified  brown  line 
-extends  along  the  middle  of  the  upper  part,  and  a  longitudinal  band 
of  the  same  hue,  freckled  with  minute  yellowish-white  spots,  and 
bonnded  laterally  by  lines  composed  of  numerous  similar  spots,  occurs 
in  the  middle  of  the  under  part ;  the  branchial  opercula  have  a  yel- 

lowish-brown hue,  and  there  are  a  few  white  spots  about  the  base  of 
the  spinners. 

The  immature  female  is  rather  darker  coloured  than  the  adult 
male. 

Tetkagis-atha  Thokellii,  n.  sp.      [Meta,  Koch].     Plate  2,  fig.  15. 
Length  of  the  female,  ̂ th  of  an  inch ;  length  of  the  cephalothorax, 

iV  ;  breadth,  tV ;  breadth  of  the  abdomen,  xV ;  length  of  an  anterior 

leg,  t ;  length  of  a  leg  of  the  third  pair,  -J. 
The  abdomen  is  robust,  subcylindrical,  projects  a  little  over  the 

base  of  the  cephalothorax,  and  curves  abruptly  downwards  at  its  poste- 
rior extremity ;  the  upper  part  and  the  superior  region  of  the  sides 

are  of  a  bright  silvery- white  colour  reticulated  with  fine  brovaai  lines, 
the  latter  having  a  slight  golden  tinge  ;  a  pale-brown  ramified  band 
extends  along  the  middle  of  the  former  to  the  commencement  of  the 
posterior  curve,  and  on  each  side  of  the  curve  there  is  a  series  of  black 
spots  that  diminish  in  size  as  they  approach  the  spinners ;  a  broad 
brown  band,  palest  in  the  medial  line,  whose  upper  margin  is  irre- 

gular, occupies  the  inferior  region  of  the  sides  ;  the  under  part  has  a 
longitudinal  brown  band  in  the  middle,  comprising  a  dull-yellowish 
line,  and  is  bounded  laterally  by  a  pale-brown  line  spotted  with 
minute  silvery  spots  ;  the  branchial  opercula  have  a  brownish-yellow 
colour,  and  that  of  the  sexual  organs,  which  are  moderately  developed, 
is   dark   reddish-brown.     The   cephalothorax  is   compressed  before, 
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rotmcled  in  front  and  on  the  sides,  convex,  glossy,  with  a  large  inden- 
tation in  the  medial  line  of  the  posterior  region,  and  is  of  a  brownish- 

yellow  colour.  The  eyes  are  seated  on  black  spots,  and  are  disposed 
in  two  transverse  rows  on  the  anterior  part  of  the  cephalothorax  ;  the 
four  intermediate  ones  form  a  square  ;  the  tAvo  anterior  ones,  which  are 
rather  the  largest  of  the  eight,  and  seated  on  a  slight  protuberance, 
being  situated  immediately  above  the  frontal  margin  ;  the  eyes  of  each 
lateral  pair  are  placed  obliquely  on  a  small  tubercle,  and  are  con- 

tiguous. The  falces  are  powerful,  very  convex  in  front,  vertical,  and 
armed  with  teeth  on  the  inner  surface  ;  the  maxillae  are  straight,  and 
increase  in  breadth  from  the  base  to  the  extremity,  which  is  angular 
and  prominent  on  the  outer  side.  These  parts  have  a  brownish-yellow 
hue,  the  latter  being  the  darker,  particularly  on  the  inner  side.  The 

lip  is  semicii'cular,  and  of  a  red-brown  colour,  the  apes  being  rather 
the  palest ;  and  the  sternum  is  heart-shaped,  with  prominences  on  the 

.  sides,  opposite  to  the  legs,  and  has  a  yellowish-brown  hue.  The  legs 
are  long,  slender,  pnovided  with  hairs  and  a  few  fine  spines,  and  are 
of  a  dark-brown  colour,  with  the  exception  of  the  coxae,  femora,  and 
genual  joints,  which  have  a  yelloAvish-brown  hue ;  the  first  pair  is  the- 
longest,  then  the  second,  and  the  third  pair  is  the  shortest ;  each  tarsus 
is  terminated  by  claws  of  the  usual  number  and  structure.  The  palpi, 
which  are  slender,  resemble  the  legs  in  colour,  and  have  a  slightly 
curved,  minutely  pectinated  claw  at  their  extremity. 

l\^ith  the  Tetragnatha  described  above,  which  belongs  to  the 
family  Coadunatse  of  Walckenacr,  I  have  associated  the  name  of  Pro- 

fessor T.  Thorcll,  Ph.  D.,  whose  important  works  on  arachnology 
should  be  carefully  perused  by  all  students  of  that  department  of 
zoology. 

[This  species  is  exceedingly  closely  allied  to  Meta  decorata  (India), 

and  more  nearly  still  to  II.  quinquelineata,  Keys.  (Bogota,  South 

America)  ;  it  is  also  nearly  allied  to  M.  argentata,  Camb.,  and  M. 

culta,  Camb.,  Ceylon.  All  these  species  have  been  described  as 

belonging  to  the  genus  Tetragnatha.] 



PLATE  1. 

Illustrative  of  a  Paper  by  Mr.  John  Blackwall  and  Rev.  0.  P. 

Cambridge  "On  a  List  of  Spiders  Captured  in  the  Seychelles 

Islands  by  Professor  E.  Perceval  Wright." 

Vide  Proceedings  R.  I.  Acad.,  Vol.  3,  Ser.  2,  p.  1. 

Fig.   1.  Salttcus    TVrightii.    EL,  ?.      \a,    profile,    without  legs;    \b, 

genital  aperture. 

2.  ,,        acutus.  Bl.,  $.    2a,  profile,  without  legs  ;  2b,  genital 

aperture  of  ?  ;  2c,  palpus  of  S . 

3.  ,,        actwus.  BL,  (?.    3«,  profile,  without  legs ;  3&,  palpus. 

4.  ,,        constrictus.  BL,  ?.     4a,  profile,  without  legs. 

5.  Lyssomanes  pallens.    BL,  ?.     5«,  profile,    without  legs  ;   bb, 

upper  side  of  forepart  of  cephalo-thorax,  showing 
the  relative  size  and  position  of  the  eyes. 

6.  Thomisus  insularis.  BL,   ? .     &a,    profile,    without  legs  ;    &b, 

upper  side  of  forepart  of  cephalo-thorax,  showing 
the  relative  size  and  position  of  the  eyes. 

7.  Olios  validus.  BL,  S.    la,  forepart  of  upper  side  of  cephalo- 
thorax,  showing  the  relative  size  and  position  of 

the  eyes  ;  73,  palpus  of  $  ;  7c,  profile  of  S, 

without  legs  ;  7d,  genital  aperture  of  ? . 



PLATE  2. 

Illfstkatlve  of  a  Papeii  By  Me.  John"  Blackwaxl  and  Eev.  0.  P. 
Cambridge  "  Ox  a  List  of  Spideks  CAPrcriLED  in  the  Seychelles 

Islands  bt  Peofessoe  E.  Peeceval  "\^^EIGHT." 

Vide  Proceedings  E.  I.  Acad.,  Yol.  3,  Ser.  2,  p.  1. 

Fig.  8.*  Sparassus  guttatus.  Bl.,  ? .  8a,  profile,  without  legs  ;  85, 

forepart  of  cephalo-thorax,  showing  the  relative  size  and 

position  of  the  eyes  ;  %c,  maxillae  and  labium. 

9.   Clubiona  nigroinaculosa.  BL,   $.     9a,  profile,  without  legs. 

10.  Theridion  placens.  BL,  $.     10a,  palpus;  103,  profile,  with- 
out legs. 

11.  Argyrodes  rostrata.  BL,  $.     lla,  profile,  without  legs  ;  113, 

palpus. 

12.  Epeira  cognata.  BL,  $.    I2a,  profile,  without  legs;  12b,  pal- 

pus; 12c,  genital  aperture  of  ?  ;   12d,  ditto,  from  below. 

13.  Nephila plumipes.  C.Koch.,  $.     13a,  palpus. 

14.  Tetragnatha   minax.  BL,   $.     14«,    one  of  the   falces  ;    145, 

forepart  of  cephalo-thorax,  showing  the  relative  size  and 

position  of  the  eyes  ;   14c,  palpus. 

15.  Tetragnatha  Thorellii.  BL,   ?.     15a,    profile,    without  legs; 

155,  genital  aperture. 

*  This  figure  is  referred  to  by  mistake,  in  the  description  of  the  Spider,  as  in  PL  1. 
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II.   ^MrOLOGX     OF     THE     ChEETAH,     OE     HtJjSTTIXG     LeOPAUD      OF     IXDTA 
(Felis  Jubata).    15y  F.  OgilbyEoss,  Student  in  Medicine,  of  Trinity 
College,  Dublin. 

[Read,  Xovcmber  30,  1876.] 

The  following  facts,  relative  to  the  rayology  of  the  Cheetah,  arc  founded 
on  the  examination  of  a  specimen  which  Professors  Macalister  and 
Haughton  kindly  allowed  me  to  dissect. 

The  animal,  a  fine  male,  was  presented  by  Viscount  Southwell  to 
the  Zoological  Gardens,  where  it  lived  in  good  health  since  1872. 

A  little  more  than  a  month  ago  it  died  in  convulsions,  for  which 

no  cause  was  discovered  on  post-mortem  examination. 
Before  proceeding  to  describe  its  myology,  a  few  facts  relative  to  its 

history  and  general  anatomy  may  not  be  out  of  place. 

There  are  found  in  India  two  animals  with  spotted  skins — the  common 
panther  of  naturalists,  and  another,  the  hunting  leopard,  named  after 
Daubenton,  the  Gruepard  (the  hunting  leopard),  known  to  the  ancients. 

The  Arabians  also  knew  of  and  distinguished  two  animals  Avith 
spotted  skins,  the  first  under  the  name  of  Xemer,  the  other  under  that 
of  Fehd ;  the  latter  Bocchart  considered  identical  with  the  lynx, 
Cuvier  with  the  hunting  leopard.  Aristotle  says  its  young  were  bom 
blind.  According  to  Herodotus,  it  inhabited  Africa  with  the  ibis. 
Its  skin  was  spotted,  and  its  natural  disposition  tameable,  according 
to  Eustathius. 

The  last  two  traits  seem  inapplicable  to  any  but  the  animal  called 

Fehd  by  the  Arabians.  Their  not  referring  to  its  being  used  for  hunt- 

ing purposes  is  very  natural,  if,  as  Eldemiri  informs  us,  the  fii'st  person 
who  so  employed  it  was  Chalib,  the  son  of  AYail.^ 

Dr.  J.  E.  (rray-  places  the  hunting  leopards  in  a  separate  tribe,  that 
of  the  Gruepardina,  of  which  the  following  are  the  chief  characteristics : 
Head  short,  subgiobate ;  face  very  short ;  neck  slightly  maned ;  legs 
elongate,  slender,  subec^ual  ;  tail  elongate  ;  ears  rounded  ;  pupil 
round  (?).  Skull :  face  very  short,  convex;  the  processes  of  the  frontals 
and  intermaxillse  very  short,  not  separating  the  nasals  from  the  inaxillae ; 
the  flesh  tooth  of  the  upper  jaw  has  no  lobe,  only  a  very  slightly 
raised,  scarcely  visible  keeled  ridge,  and  is  thin  and  compresfied ;  the 

front,  upper  false  grinder,  distinct,  small  ;  orbits  incomplete,  mo- 
derate. 

Genus,  Gtjepakda,  Gray.     Crxj^LrKus,  Wagner. 
GUEPAEDA  GrTTATA. 

Eelis  guttata,  iTerwj.;  Blainv.,  O-'iteographie,  Felis:  t.  4,  (skeleton); 

'  Cuvier,  "  Animal  Kingdom,"  by  Griffiths,  Mammalia,  vol.  ii.,  p.  460. 
2  Dr.  J.  E.  Gray's  Xotfs  on  the  Sknlls  of  Cats,  "  Proceedings  of  the  Jf^oological 

Society  of  Londonj"  1867. 
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t.  9  (skull).  E.  jubata,  ̂ (?7ire^.  ~P.\'e-nQi\Qii,  A.  Smith.  P.  fearonis  (?), A.  Smith.     Cynaeltirus  soemmeringii,  Ruppell. 

Professor  Owen,  ̂   however,  places  it  in  the  genus  Pelis.  He  says, 
''  The  OS  hyoides  is  connected  to  the  cranium  by  an  uninterrupted 
scries  of  hones,  thus  connecting  it  with  the  cats.  It  possesses  the  cir- 

cular pupil  common  to  lion,  tiger,  leopard,  and  jaguar. 

"  In  the  form  of  the  oesophagus  and  in  the  transverse  rugte  of  its 
lower  half  the  Cheetah  agrees  with  the  lion,  and  in  it,  as  in  the 
other  Feles,  the  oesophagus  is  not  prolonged  into  the  abdomen,  but 
terminates,  immediately  after  passing  through  the  diaphragm,  in  the 
stomach  ;  this  organ  in  the  Cheetah  has  all  the  peculiarities  which 
are  found  in  the  genus  Pelis.  The  intestines  also  agree  in  character 
with  those  of  that  group ;  and  the  caBcum,  as  usual  in  it,  is  simple, 
having  none  of  the  convolution  which  is  found  in  the  dog.  The  liver, 
pancreas  and  spleen  resemble  those  of  the  cats  generally ;  as  do  also 
the  kidneys  in  the  arborescent  form  of  their  superficial  veins — a  form, 
however,  equally  common  to  the  Viverridse  and  the  Pelidse,  which  also 
agree  in  having  spiculas  on  the  tongue. 

'■'■  The  thoracic  viscera  of  the  Cheetah  agree  with-  those  of  the  cats. 
The  lytta  or  rudiment  of  the  lingual  bone,  so  conspicuous  in  the  dog, 
is  reduced  in  it,  as  in  the  other  feline  animals,  to  a  small  vestige. 

"  There  is,  as  in  the  Feles  generally,  no  bone  of  the  penis  ;  and  the 
glaus,  as  usual  in  them,  has  retroverted  papillaB. 

''The  elastic  ligaments  of  the  ungual  phalanges  exist  in  the  same 
number  and  position  as  those  of  the  lion  ;  they  are,  however,  longer 
and  more  slender,  their  length  alone  occasioning  the  incomplete  re- 

traction of  the  claws,  as  compared  with  the  rest  of  the  FelidEe." 
Professor  Owen  concludes  by  observing  that  in  the  circulatory, 

respiratory,  digestive,  and  generative  systems,  the  Cheetah  conforms 
lo  the  typical  structure  of  the  genus  Pelis. 

Habitat  :  Africa,  Asia,  Persia.*  Prom  Southern  and  Western 
India,  through  Persia,  Syria,  Northern  and  Central  Africa,  to  the 

Cape  of  Good  Hope.^ 
Dr.  Kirk*^  mentions  it  as  occurring  in  the  Makalalo  country  (not 

(•.ommon)  in  his  list  of  the  Mammals  of  Zambesia. 
The  dissection  was  commenced  towards  the  latter  end  of  October. 

On  taking  oif  the  skin,  the  panniculus  carnosus  was  found  to  be 
moderately  well  developed  in  the  fore  part  of  the  body,  but  more  fully 
in  the  hinder  part. 

The  trapezius  was  divided  as  usual  into  the  clavicularis  (corre- 
sponding to  the  anomalous  cleido-occipital  in  man),  and  seapulares, 

superior  and  inferior. 

3  On  the  Anatomj^  of  the  Cheetah,  Fe.lis  Juhata,  Schreh.     "  Proceedings  of  the 
Zoological  Society  of  London,"  part  i.,  1833,  p.  108. 

*  Gray,  loc.  cif. 
°  Wallace,  "  Geographical  Distribution  of  Animals,"  vol.  ii.  p.  193. 
6  "  Proceedings  Zoological  Society  of  London,"  1864,  p.  653. 



Eoss — On  the  Mijology  of  the  Cheetah.  25 

Tlie  first  of  these  arose  from  the  par-occipital  and  posterior  part  of 
the  squama,  passed  downwards  parallel  to  the  posterior  border  of  the 
sterno-mastoid,  and  became  continuous  with  the  clavicular  deltoid ; 
the  line  of  separation  between  the  two  being  faintly  tendinous,  and 

marked  by  the  insertion  of  cleido-mastoid.     Weight  =  1"20. 
The  scapularis  superior,  arising  from  the  ligamentum  nuchae  and 

7th  cervical  spine,  was  inserted  into  the  anterior  border  of  the  spine 
of  the  scapula.  Just  previous  to  its  insertion  it  fused  with  the  tra- 
chelo-acromialis,  or  omo-atlanticus  of  Professor  Haughton.  Weight 
of  two  together  =  2'65. 

The  scapularis  inferior,  smaller  and  thinner  than  the  preceding, 
arose  from  the  upper  six  dorsal  spines,  and  had  also  an  additional  slip 
of  origin  from  the  latissimus  dorsi  of  the  opposite  side,  inserted  into 
the  posterior  fifth  of  the  lower  border  of  the  spine  of  the  scapula. 

Weight  =1-40. 
The  cleido-mastoid  arose  from  the  mastoid  process,  and  was  in- 

serted into  the  tendinous  clavicular  line  at  the  junction  of  the  clavi- 
cular trapezius  and  clavicular  deltoid.     Weight  =  "70. 

The  trachelo-acromialis,  or  omo-atlanticus  of  Professor  Haughton, 
arising  from  the  transverse  process  of  the  atlas,  was  inserted  into  the 
superior  scapular  portion  of  the  trapezius. 

The  rhomboideus  divided  into  three  portions,  major,  minor,"  and occipital,  the  two  latter  being  fused  together. 
The  occipital  arose  as  usual  from  the  occiput,  and  soon  fused  with 

the  minor,  which  took  its  origin  from  an  aponeurosis,  connected  with 
the  first  six  cervical  spines,  and  also  directly  from  the  7th  cervical 
and  1st  dorsal  spines.  It  was  inserted  into  the  greater  part  of  the 

posterior  border  of  the  scapula  =  2-75.  The  major,  much  smaller, 
arose  from  the  2nd,  3rd,  and  4th  dorsal  spines.  Insertion  into  the 
inferior  angle  of  the  scapula,  connected  with  the  origin  of  teres  major. 

Weight  =  -90. 
Both  major  and  minor  were  very  coarsely  fibred,  flabby,  and, 

especially  the  former,  mixed  with  a  large  quantity  of  firm  yellowish 
fat,  amounting  almost  to  fatty  degeneration. 

The  major  was  also  more  or  less  united  with  the  serratus  magnus, 
numerous  fibres  and  masses  of  fat  extending  from  one  to  the  other. 

The  teres  major  (3"35)  had  an  extensive  origin  from  the  internal 
•surface  of  the  scapula,  posterior  portion,  and  also  from  the  aponeu- 

rosis covering  the  subscapularis.  Insertion  fieshy,  about  an  inch 
broad,  into  the  upper  part  of  the  internal  surface  of  the  humerus, 
being  intimately  connected  with  the  internal  head  of  the  triceps. 

Prom  its  extensive  origin  from  the  scapula,  and  the  relative  posi- 
tions of  this  bone  and  the  humerus,  «,.  e.,  nearly  at  right  angles,  this 

muscle  must  be  a  powerful  retractor,  as  well  as  internal  rotator. 

Teres  minor  ("SI),  small  and  cylindrical,  with  a  second  origin  from 
long  head  of  triceps.     Insertion  fieshy. 

Latissimus  dorsi  (12-36)  took  an  extensive  origin  from  the  3rd- 
12th  dorsal  and  1st  lumbar  vertebrae,  from  lumbar  fascia,  and  three 



26  Proceedings  of  tlte  Royal  Irish  Academy. 

lower  ribs  :  beneath  it  was  a  large  bursa  and  also  a  mass  of  firm 
white  fat,  weighing  about  2  oz.  The  tendon  of  insertion  was  scarcely 
at  all  twisted  on  itself,  as  in  man  :  insertion  as  nsnal. 

The  triceps  accessorius  ('05),  triangular  in  shape,  about  one  inch 
broad  and  long,  and  very  thin,  was  inserted  by  a  long  fine  tendon  intO' 
the  inner  and  posterior  surface  of  the  olecranon.  Supplied  by  the- 
musculo-spiral  nerve. 

Subscapularis  (4"90),  very  thick.  Pectoralis  minor  absent. 
Pectoralis  major  (16'86)  consisted  of  two  layers,  embracing  be- 

tween their  insertions  the  triceps.  The  superficial  layer  arose  from 
the  median  line  of  the  thorax ;  closely  connected  with  the  opposite 
muscle.  Insertion  into  a  ridge  on  the  outer  surface  of  the  humerus  for 
about  eight  inches ;  also  into  the  greater  tuberosity,  continuous  below 
with  the  clavicular  portion  of  the  deltoid. 

The  deep,  the  smaller  of  the  two,  arose  from  the  sternum,  nearer  its. 
lateral  margin,  and  was  inserted  into  the  lesser  tuberosity,  and  a  line 
leading  downwards  and  forwards  from  it  for  about  three  inches. 

Coraco-brachialis  major,  and  subclavius,  were  absent. 
The  coraco-brachialis  minor  ("06)  arose  by  a  fine  tendon  from  the 

upper  border  of  the  glenoid  cavity.  It  soon  became  fleshy,  and  was 
inserted  tendinous  and  fleshy,  immediately  below  the  facet  for  the 
subscapularis  tendon,  which  it  crossed  over,  on  the  lesser  tuberosity. 
The  above  was  symmetrical. 

The  deltoid,  as  usual,  divisible  into  three  portions — scapularis, 
acromialis,  and  clavicularis,  though  the  division  was  more  or  less  arti- 

ficial in  some  places. 
Scapularis,  from  spine  of  scapula  to  crest  on  humerus,  =  r60. 

Acromialis  (1"00),  from  acromion  process,  and  where  it  should 
have  arisen  from  the  clavicle,  was  more  or  less  fused  with  the  clavicu- 

laris (1*85),  which  also  arose  from  the  acromion.  The  two  latter- 
became  continuous  with  the  triceps,  about  an  inch  from  its  insertion, 
there  being  no  traceable  connexion  with  the  radiiis.  A  floating  cla- 

vicle was  developed  in  the  substance  of  the  clavicularis. 
Supra-  and  inf ra-spinati  as  usual ;  tendon  of  insertion  of  former  was 

fibro-eartilaginous.     Eespectivc  weights  7'36  and  5*65. 
Serratus  magnus  arose  from  upper  ten  ribs  and  formed  one  mass, 

not  divisible  into  the  three  usual  portions.  Insertion  was  normal, 

but  rather  larger  than  usual,  =  8'62. 
The  spino-glenoid  ligament  consisted  of  two  layers  with  fat  between, 

attached  posteriorly  to  the  under  surface  of  the  acromion,  internally 
and  posteriorly  to  base  of  acromion,  and  anteriorly  to  the  edge  of  the 
glenoid  cavity,  forming  an  arch  corresponding  to  the  neck  of  the  sca- 

pula, beneath  wiiich  passed  the  supra-scapular  nerve. 
The  biceps  humeri  (3-80)  had  only  one  head  of  origin  from  the- 

scapula,  immediately  above  the  glenoid  cavity,  Avhich  pierced  the  cap- 
sular ligament,  and  united,  at  its  insertion  into  the  radius,  with  part 

of  the  tendon  of  the  brachia3us. 

The  brachiasus  ('62)  arose  from  the  greater  part  of  the  anterior 
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and  inner  surface  of  the  humerus.     The  tendon  of  insertion  was  broad, 
and  split  into  three  parts. 

The  major  was  inserted  into  the  anterior  surface  of  the  ulna,  im- 
mediately underneath  the  origin  of  flexor  profundus ;  ithe  middle, 

small  and  round,  into  the  anterior  surface ;  and  the  smallest,  u.nited 
with  the  biceps  tendon. 

The  triceps  arose  as  usual  by  three  heads,  one  scapular,  and  two  hu- 
meral ;  between  them  the  musculo-spiral  nerve.  Origin  and  insertion 

normal,  the  relation  of  the  three  heads  was  :  longus,  10"50  ;  externus, 
4-26  ;  internus,  '60. 

Anconeus  internus,  or  epitrochleo-anconeus  (Grruber)  ('Oo),  was  very 
distinct ;  it  arose  from  the  inner  condyle,  crossed  over  the  ulnar  nerve, 
and  was  inserted  into  the  olecranon  process.  It  was  about  an  inch  in 
length.     The  externus  was  absent. 

The  pronator  radii  teres  ("So),  normal.  Prom  the  tendon  of  inser- 
tion, which  was  prolonged  to  within  two  inches  of  the  end  of  the  radius, 

a  fine  tendon  was  given  off,  which  united  with  the  palmar  fascia. 

The  flexor  carpi  radialis  ('20),  thin,  fleshy  belly;  inserted  into 
second  metacarpal,  giving  off  slips  to  the  styloid  process  of  radius,  and 
the  trapezium,  as  it  passed  through  the  groove.  The  membrane  com- 

pleting the  groove  was  very  tough  and  strong. 

The  palmaris  longus  ('75),  very  large,  took  the  ordinary  course  of 
the  flexor  sublimis,  which  was  quite  rudimentary,  weighing  only  (-01). 
The  latter  arose  from  the  front  of  the  tendon  of  the  flexor  profundus, 
dividing  into  three  tendons,  and  alao  giving  off  a  slip  to  the  flexor  pro- 

fundus. The  three  tendons  went  to  the  three  middle  digits  of  tlie 
manus,  each  of  the  three  middle  digits  having  thus  two  tendons,  one 
from  the  palmaris  longus,  and  one  from  the  flexor  sublimis.  The  fourth 
had  only  one,  viz.,  from  the  palmaris  longus.  Opposite  the  metacarpo- 

phalangeal articulation  the  tendons  united,  sending  off  a  process  on 
each  side.     Insertion  as  usual. 

Plexor  carpi  ulnaris  ('70)  arose  by  two  heads,  separated  by  the ulnar  nerve. 

Plexor  digitorum  profundus"(2"06)  and  flexor  longus  poUicis  ("15), which  were  intimately  connected  at  their  insertion,  arose  from  radius, 
ulna,  and  interosseous  membrane.  The  five  tendons  were  united  at  the 

wrist,  and  passed  to  the  five  digits,  being  inserted  into  the  last  pha- 
langes. The  flexor  sublimis  arose  from  the  front  of  the  united  tendons 

before  they  passed  under  the  annular  ligament,  which  was  very  strong. 

The  pronator  quadratus  ("IB)  extended  up  as  far  as  the  oblique 
ligament,  which  was  placed  lower  than  usual,  about  Ih  inches  below 
the  tubercle  of  the  radius. 

The  supinator  radii  longus  and  extensor  carpi  radialis  brevier  were 
both  absent. 

Extensor  carpi  radialis  longior  ("80),  extensor  carpi  ulnaris  ('28), 
and  extensor  ossis  metacarpi  poUicis  ('12)  had  all  normal  origins  and insertions. 

Supinator  radii  brcvis  ('10),  besides  its  usual  radial  insertion,  had  a 
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good  many  muscular  fibres  attached  to  the  upper  part  of  the  interos- 
seous membrane. 

Extensor  longus  digitorum  ("40)  divided  underneath  annuhir  liga- 
ment into  four  very  thin  weak  tendons. 

The  extensor  minimi  cligiti(auricularis)  ('10)  was  inserted  into  the 
i)ase  of  the  second  phalanx  of  the  fifth  digit.  Extensor  minimi  digiti 

tei'tii  ("05)  arose  fi'om  upper  fifth  of  radius  and  external  lateral  liga- 
ment, ran  alongside  the  auricularis,  passing  through  a  separate  com- 

partment of  the  annular  ligament,  and  was  inserted  into  the  outer 

sui'face  of  the  base  of  first  phalanx  of  fifth  digit. 
Extensor  carpi  nlnaris  ("28)  arose  from  upper  third  of  posterior 

border  of  ulna.  Extensor  indicis  et  pollicis  ('05),  made  up  of  the  ex- 
tensor secundi  internodii  pollicis,  and  indicator,  presented  a  rather 

remarkable  arrangement.  It  arose  fleshy  by  two  heads — onefi'omthe 
external  surface  of  ulna,  one  inch  below  olecranon,  the  other  fi'om  the 
xadius,  aboA'e  the  superior  radio-ulnar  ligament ;  it  then  passed  down- 

wards, and,  on  the  dorsum  of  the  manus,  crossed  beneath  the  tendons  of 
the  extensor  longus  digitorum,  and  was  inserted  into  the  base  of  the 
claw  of  poUux.     The  above  arrangement  was  symmetrical. 

Adductor  minimi  digiti  ("08). 
There  were  four  palmar  interossei,  weighing  respectively  "06;  -Oo; 

•02;  "01  ;  the  fourth  corresponding  to  the  interosseus  of  Henle  in 
man..  It  arose  from  the  deep  palmar  fascia,  and  was  inserted  into  the 
<lorsal  aponeurosis  of  thumb. 

The  four  dorsal  interossei  weighed  respectively  '10;  'Oo;  "10;  "Oo. 
The  fij-'st  palmar  and  first  dorsal  interossei  were  inserted  in  a 

peculiar  manner,  and  the  arrangement  occurred  on  both  sides.  At- 
tached to  the  posterior  end  of  the  base  of  each  claw  were  two  elastic 

bands — one  on  each  side — which  extended  to  a  tubercle  on  the  head  of 
the  phalanx.  Into  these  bands  the  tendons  of  the  first  dorsal  and 
p)almar  interossei  were  attached,  about  the  middle,  seemingly  acting 
as  retractors  of  the  claw. 

The  palmar  interossei  being  removed,  a  ligament  was  seen  extend- 
ing from  the  carpus  to  the  fourth  metacai'pal  bone.  It  was  attached 

to  the  carpus  by  three  slips  :  the  middle  one  continuous  with  the 
external  retinaculum  of  the  pisiform  ;  the  internal  one  attached  to  the 
head  of  the  fifth  metacarpal ;  and  the  external,  to  the  unciform  and  os 
magnum.  Its  other  end  was  inserted  into  the  fourth  metacarpal,  about 

its  centre.  Opposite  the  cai-po-metacarpal  articulation,  and  for  a  short 
distance  down  the  fourth  metacarpal,  it  was  free,  not  attached  to  the 
bone  ;  but  I  could  discover  no  structure  passing  underneath  it. 

It  was  similar  in  every  respect  to  a  corresponding  one  in  the  pes. 
The  same  arrangement  occurred  in  the  other  manus. 

The  sartorius  (5-21),  broad  and  thin,  covering  the  greater  portion 
of  the  inside  of  the  thigh,  arose  from  the  iliac  spine  and  part  of  Pou- 

part's  ligament.     Insertion  into  the  lower  surface  of  head  of  tibia. 
Psoas  parvus  and  magnus  and  the  iliaeus  (lO'OO) ;  the  two  fonner 

arose  together  normallv,  after  keeping  together  for  about  five  inches 
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they  separated  ;  tlie  parvus,  being  inserted  by  a  very  broad  tendon  into 

the  magnus,  joined  -with  the  iliacus,  to  be  inserted  into  the  leaser  tro- 
chanter of  the  femur. 

Pectincus  ('35),  inserted  into  femur  above  and  anterior  to  lesser 
trochanter.  The  adductores  primus,  secundus,  a  and  /5,  and  tertius 

(17"o),  were  inseparably  connected. 
The  quadratus  femoris  ("55),  large  and  strong,  arose  [from  the  ex- 

ternal surface  of  the  tuber  ischii,  and  was  inserted  below  the  posterior 
extremity  of  the  oblique  line  on  the  great  trochanter.  Obcluratores 

externus  (1*60)  and  internus  ("83)  were  well  marked  and  normal,  the 
gemelli  being  closely  connected  with  the  latter.  The  tendon  of  the- 
internus  exhibited  a  beautiful  arrangement ;  there  were  five  primary 
tendons,  each  of  which  split  into  two,  and  some  of  these  again  subdi- 
vided. 

The  agitator  caudse  (2-40)  arose  broad  and  fleshy  from  the  upper 
part  of  the  ilium  immediately  behind  the  acetabulum,  and  ̂ rom  the 
two  anterior  caudal  vertebrpe,  lying  alongside  of  and  slightly  over- 

lapping vastus  externus.  Aiter  about  eight  inches  it  ended  in  a  long 
and  fine  tendon,  which  passed  beneath  the  vastus  externus  tendon,  to 
be  inserted,  together  with  the  rectus,  into  the  anterior  margin  .^  of 
patella. 

Gluteus  maximus  (1'5),  very  small,  was  easily  separable  from  the 
tensor  vaginae  femoris  ;  quadrilateral  in  shape.  It  arose  from  the  pos- 

terior border  of  the  ilium,  and  was  inserted  tendinous  into  the  outer 
part  of  femur,  below  the  great  trochanter. 

The  medius  (5-72)  and  minimus  (-50),  quite  separate,  were  normal. 
The  quartus  ('40),  really  an  easily  separable  anterior  portion  of  the minimus. 

Quintus  (•12)  was  also  present,  and  symmetrical;  it  arose  imme- 
diately in  front  of  the  acetabulum,  and  running  downwards  and  back- 

wards was  inserted  into  the  commencement  of  the  oblique  line  on  the 
great  trochanter. 

Pyriformis  ("65),  normal.  ^ 
The  tensor  vaginae  femoris  (3'90)  (gluteus  minimus  of  Cuvier)  arose 

fi'om  the  anterior  fourth  of  the  crest  of  the  ilium,  and  was  inserted  by 
means  of  the  ilio-tibial  ligament,  which  was  very  strongly  marked,  into 
the  outer  and  back  pai-t  of  the  tibia. 

Thebicepsfemoris(10'03),  thelong  head  arising  from  the  tuberischii, 
was  spread  out  in  a  thin  layer  over  the  greater  portion  of  the  outer 
surface  of  the  thigh,  partly  overlapping  the  adductors.  The  femoral 
head  arose  from  the  junction  of  upper  and  middle  thirds  of  posterior 
surface  of  femur  ;  it  soon  joined  with  the  long  head,  to  be  inserted  into 
the  head  of  the  fibula. 

Bicipiti  accessorius,  absent. 

Semimembranosus  (13"30)  and  semitendinosus  (4'70)  arose  by  a common  tendon  from  tuber  ischii.     Insertion  as  usual. 

The  gracilis  (o-OO).  Yery  broad  thin  layer  spread  over  the  pos- 
terior fold  of  the  thigh,  arising  from  gi-eater  part  of  symphysis  pubis, 

and  inserted  by  a  very  weak  narrow  tendon  into  upper  part  of  tibia. 
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Rectus  (4-60).  The  usual  origin,  by  two  heads,  and  insertion. 
Vastus  exteruus  (8-00)  and  vastus  internus  (4-67),  normal. 

The  crureus  (3-35),  almost  inseparably  connected  with  the  vastus 
externus ;  in  some  places  there  was  no  natural  division. 

The  popliteus  ('65) :  sesamoid  bone  developed  in  tendon  of  origin  ; 
the  muscle,  almost  quadrilateral  in  form,  occupied  the  upper  third,  of 
tibia. 

The  gastrocnemius  externus  and  soleus,  (3"67)  and  internus  (1'87) 
had  both  a  sesamoid  bone  developed  in  their  tendons  of  origin.  The 
soleus  was  inseparably  connected  with  the  former. 

Plantarws  ('02)  arose  from  the  outer  condyle.  It  was  inserted  along 
with  the  gastrocnemius. 

Flexor  longus  digitorum  and  flexor  hallucis  longus  (together 

=  2-07)  were  united  in  their  whole  extent.  They  sent  tendons  to  the 
five  digits  of  the  pes. 

The  tendon  only  of  the  tibialis  posticus  was  present,  the  muscular 
part  was  wanting  ;  the  tendon  extended  from  immediately  above  the 
internal  malleolus  to  the  tuberosity  of  the  scaphoid. 

Flexor  brevis  digitorum  :  scarcely  any  distinguishable  muscular 

fibres  about  ("05). 
Accessorius  flexori  longo  was  absent. 
The  tibialis  anticus  (TSO)  arose  from  the  upper  part  of  the  outer 

surface  of  the  tibia,  external  tuberosity  and  corresponding  part  of  in- 
terosseous membrane.  There  were  very  weak  intermuscular  septa. 

Insertion  as  usual  into  the  first  metatarsal  bone. 
The  extensor  hallucis  was  inseparably  connected  with  the  extensor 

longus  digitorum  (1'50),  at  least  as  far  as  their  muscular  bellies 
were  concerned,  the  tendons  being  quite  distinct ;  insertion  normal. 

Peroueus  quinti  ("11),  brcAus  ("02),  and  longus  ('40),  as  usual. 
Extensor  brevis  digitorum  ("12)  was  as  usual. 
The  muscles  of  the  pes  presented  no  features  of  interest.  The 

dorsal  and  plantar  interossei  exhibited  a  curious  relation  to  one 

another,  the  weights  of  the  plantar  being  "07  ;  '07  ;  '06 — the  dorsal 
being  "07;  "OB;  '07;  -07.  On  clearing  off  the  muscles,  a  rather  remark- 
tible  ligament,  which  I  believe  has  not  hitherto  been  noticed,  was 
brought  into  view.  It  was  about  four  inches  long,  rounded,,  white,  and 
shining,  attached  at  one  end  to  the  middle  and  external  cuneiform  bones, 
covering  nearly  the  whole  of  their  under  surfaces,  and  at  the  other  to  the 
posterior  half  of  the  fourth  metatarsal  bone,  covering  its  lower  surface 
and  part  of  its  sides  opposite  the  tarso-metatarsal  articulation  ;  and 
for  about  the  posterior  quarter  inch  of  the  second  metatarsal  bone  it 
was  free,  smooth  and  round.  I  could  discover  no  trace  of  a  nerve  or 
iirtery  passing  between  it  and  the  bone ;  it  was  syinmetrical.  An 
analogous  one  was  present  in  the  manus. 
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Muscles  of  the  Fore  Liml. 

1.   Trai^ezius, 

/  Clavicularis, 

1  Scapularis 

Av 

superior,  and  trachelo 
is, 

inferior, 
J       acromialis 

V  Scapularis 
2.  Sterno-mastoid, 
3.  Cleido-mastoid, 

4.  Rhomboidens,   \  \t-       '   '  i      "■   v  t '    (  Minor  and  occipital 
5.  Teres  major, 
6.  Teres  minor, 
7.  Latissimus  dorsi, 
8.  Subscapnlaris, 
9.  Pectoralis  major, 

10.  Coraco-bracliialis  minor, 
11.  Deltoideus  scapularis, 
12.  Deltoideus  acromialis, 
13.  Deltoideus  clavicularis, 
14.  Supraspinatus, 
15.  Infraspinatus, 
16.  Serratus  magnus,    . 
17.  Biceps  liumeri  (scapularis), 
18.  Bracliia3us,     . 
19.  Triceps  longus, 
20.  Triceps  internus,     . 
21.  Triceps  externus,    . 
-22.  Triceps  accessorius, 
23.  Anconeus  internus, 
24.  Pronator  radii  teres, 
25.  Plexor  carpi  radialis, 
26.  Palmaris  longus, 
27.  Flexor  carpi  ulnaris, 
28.  Plexor  digitorum  sublimis, 
29.  Plexor  digitorum  profundus,    . 
•30.  Plexor  pollicis  longus,     . 
31.  Pronator  quadratus, 
32.  Extensor  carpi  radialis  longior, 
33.  Supinator  radii  brevis,     . 
•34.  Extensor  digitorum  longus, 
35.  Auricularis,    .... 
36.  Auricularis  tertii,    . 
37.  Extensor  carpi  ulnaris,    . 
38.  Extensor  ossis  metacarpi  pollicis, 
39.  Extensor  pollicis  et  indicis, 
40.  Adductor  minimi  digiti, 

1,  2,  3,  4,  Palmar  intcrossei,  0-06,  0-05,  0-02 
1,  2,  3,  4,  Dorsal  intcrossei,  0-10,  0*05,  0-10, 

oirdupnis  Ounces. 
1-20 

65 
40 

0 70 
0 90 
2 
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35 0 31 
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16 86 
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1 00 
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Q5 

8 

62 

3 
80 
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TO 

50 

0 
60 

4 
26 
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05 

0 
05 

0 
35 

0 
20 

0 75 
0 70 
0 

01 

2 06 
0 

15 

0 
16 

0 
80 

0 10 
0 40 
0 

10 0 05 
0 

28 

0 
12 0 
05 0-08 

0-01. 

0-05. 
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Ifiiscles  of  the  Sind  Limh. 

1. Sartorius, 

2. Psoas  parvus, 
3. Psoas  magims,  ) 
4. 

Iliacus,            -  i       " 5. 
Pectineus,       .         .          .         . 

6. Adductor  piimus,          \ 
Adductor  secundus,  a,    ( 7. 

8. 
Adductor  secundus,  /?,    i  ' Adductor  tertius,            ) 9. 

10. Quadi-atus  f  em  oris. 11. Obdurator  externus, 
12. Obdurator  internus, 
13. Agitator  caudce, 
14. Pyiiformis, 
15. Gluteus  maximus,  . 
16. Gluteus  medius, 
17. Gluteus  miniraus,    . 
18. Gluteus  quartus,    . 
19. Gluteus  qiiintus, 
20. Tensor  vaginse  femoris, 
21. Biceps  femoris, 
22. Semimembranosus, 
23. Semitendinosus, 
24. Gracilis, 
25. Eectus  femoris, 
26. Tastus  externus, 
27. Yastus  internus, 
28. Crureus, 
29. 

Popliteus, 
30. Gastrocnemius  externus,  ) 
31. 

Soleus,             .          .           )       ■ 32. Gastrocnemius  internus, 
33. Plantaris,        .         .         .          . 34. 

Flexor  longus  digitorum,   ( 
35. Plexor  longus  ballucis,      j 
36. Flexor  digitonim  brevis, 
37. Tibialis  anticus. 
38. Extensor  hallucis,   .         .        i 
39. Extensor  digitorum  longus,    ) 
40. Peroneus  quinti,      .         .         . 41. Peroneus  brevis. 
42. Peroneus  longus,     . 
43. Extensor  brevis  digitorun 1,       . 

Avoii'dupois  Ounces^ 

5-21 

2-35 

10-00 
0-35 

17-50 

0-55. 
1-60 
0-8a 

2-40> 
0-65- 

1-50- 
5-72.- 

o-sa 
0-4(> 

0-12 3-90 

10-oa 
13-30 
4-70 5-oa 
4-60 8-0O 
4-67 

3-35 
0-65 
3-67 

1-87 
0-02 

2-07 

0-05 
1-30 

i-sa 

oil 
0-02 
0-40 

0-12 

1,  2,  3,  Plantar  interossei,  0-07,  0-07,  0-06. 
1,  2,  3,  4,  Dorsal  interossei,  0-07,  0-08,  0-07,  0-07. 
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III. — Ox  A  Series  of  Bases  debited  feoic  Pteeol,  axd  some  CoMPOuifDS 
ALLIED  TO  THEJI  AND  TO  MlTCIC  AciD.       By  ChICHESTEK  A.  BeLL,  M.B. 

[Eead,  January  22,  1877.] 

Since  the  discovery  of  pyrrol  in  coal-tar  by  Runge,  and  its  subsequent 
isolation  by  Anderson  from  the  destructive-distillation  products  of 
bones,  few  attempts  seem  to  have  been  made  to  explain  its  chemical 
constitution,  or  to  ascertain  its  relations  with  other  substances.  This 
is  remarkable,  because,  for  many  reasons,  its  study  is  likely  to  prove 
of  interest ;  and  chiefly,  indeed,  because  it  is  the  simplest  representa- 

tive of  that  large  class  of  nitrogenous  bodies  vrhose  chemical  history 

"was,  until  quite  recently,  enveloped  in  complete  darkness,  and  is  even 
yet  by  no  means  satisfactorily  cleared  up  ;  which  form,  as  it  were,  the 
connecting  link  between  the  true  ammonia  bases  on  the  one  hand,  and 
the  hydrocyanic  ethers  or  nitriles  on  the  other,  sharing  as  they  do  the 
basic  characters  of  the  first,  and  the  active  toxic  and  physiological 
properties  of  the  second.  I  allude  to  such  bodies  as  conine,  nicotine,  the 
pyridine  and  chinoline  series,  etc.  As  an  unstable  body,  also,  pyrrol 
claims  our  attention,  for  it  may  be  laid  down  as  a  rule  in  chemical 
research — at  least  so  far  as  modern  chemical  doctrines  are  concerned — 
that  the  more  prone  to  change  any  substance  is,  the  more  fruitful  in 
theoretic  results  its  examination  is  likely  to  prove. 

But  while  in  itself  pyrrol  offers  many  points  of  interest  to  the 
scientific  chemist,  its  importance  has  been  much  enhanced  by  the  dis- 

covery, due  to  Malaguti  and  Schwanert,^  that  it  and  a  closely-allied 
substance,  the  so-called  carlo-pyrrol-amide,  are  the  chief  products  ob- 

tained when  the  ammonia  salt  of  mucic  acid,  an  acid  easily  obtained 
by  the  oxidation  of  lactose  (sugar  of  milk)  or  galactose,  is  exposed  to 

a  temperature  above  220°  C. ;  an  importance  which  I  venture  to  think 
is  much  heightened  by  the  observation  made  by  my  friend  Dr.  Edwin 
Lapper  and  myself,  that  it  is  with  stiU  greater  ease  formed  from 
the  ammonia  salt  of  the  isomeric  saccharic  acid,  the  principal  oxidation 
product  of  ordinary  cane  sugar,  etc.  The  smoothness  of  the  reaction 
by  which  it  is  in  both  cases  produced  leads  to  the  suspicion  that  it  is, 
in  the  true  sense  of  the  word,  a  decomposition-product  of  these  salts, 
and  hence  that  it  is  intimately  connected  with  them  by  molecular 
relations.  For  these  reasons  I  have  undertaken  the  study  of  its 
metamorphoses,  etc.,  and  as  the  first-fruits  of  my  researches  I  beg  to 
lay  before  the  Academy  the  results  at  which  I  have  so  far  arrived. 

The  reaction  in  virtue  of  which  pyrrol  is  obtained  from  ammonium 
mucate  is  very  simple,  and  may  be  thus  represented : — 

Ammonium  mucate.       Pyrrol. 
Cs  Hs  (NH4)2  Os  =  C4H5N  +  NH3  +  2CO2  +  4HoO. 

1  "  Annalen  der  Ctiemie  und  der  Pharmacie,"  cxvi.,  278. 
K.  I.  A.  PKOC,  SER.  II.,  VOL.  III. — SCTENCE.  D 
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This  is  the  final  result ;  but  at  the  same  time  there  is  fonned,  in 

considerable  quantity,  the  so-called  carlo-^vjrrol-araide,  of  which  pyrrol 
is  usually  regarded  as  a  direct  decomposition-product : — 

Ammouimn  mucate.         Carbo-pyrrol-ainide. 

CeHg  {'S^iX  Os  =  C.5H6^^20'  +  COo  -f  5H2O. 

"We  may  then  assume  that,  by  the  action  of  a  molecule  of  nascent 
water  on  carbo-pyrrol-amide,  pyi'rol  is  formed. 

CsHels^oO  +  HoO  =  C.HsIy"  +  Is^Hs  +  CO,.. 

This  view  is  borne  out  by  the  fact  that  if  the  amide  be  boiled  with, 

barium  hydi'ate,  ammonia  is  eTolved,  and  the  barium  salt  of  the  mono- 
basic carlo-i)])rrolic  acid  is  obtained  in  solution  (Schwanert) : 

Carbo-pyiTolic  acid. 

Q-^^.O  +  HoO  =  C4H,X"(C00H)  +  Is^Hs; 
which  acid,  at  a  temperature  slightly  above  its  fusing-point,  splits  up 
into  pyiTol  and  carbonic  anhydiide, 

C.HiX  (COOH)  =  G^-^  +  CO3. 

This  decomposition  may  be  compared  with,  those  by  which  phenol 
is  produced  on  heating  salicylic  and  paraoxybenzoic  acids ;  citra- 
conic  and  itaconic  acids  on  heating  aconitie  acid,  etc.  Carbo-pyr- 
rolic  acid  may  then  be  regarded  as  a  carboxyl  derivative  of  pyiTol : 

that  is,  as  pyrrol  in  which  the  gi'oup  COOH  takes  the  place  of  an 
atom  of  hydrogen. 

PjTrolis  a  coloiirless  pleasantly-smelling  liquid,  boiling  at  133°  C. 
It  dissolves,  although  slowly,  in  dilute  mineral  acids  ;  but  all  attempts 

to  obtain  simple  or  double  salts  of  it  have  failed.  The  t'ee  base,  how- 
ever, gives  with  an  alcoholic  solution  of  mercuric  chloride  a  semi- 

crystalKne  precipitate,  CiHgl!^,  2HgCl2,  which,  may  be  compared  with. 
the  precipitates  produced  by  ammonia  under  the  same  circumstances. 

Pyrrol  is  an  extremely  unstable  compound.  Exposed  to  air,  it  soon 
becomes  brown,  and  its  solutions  in  acids  decompose,  slowly  in  the 
cold,  rapidly  on  boiling,  into  ammonia  and  the  so-called  pyrrol-red, 

CjaHiiN'oO  (Schwanert),  CioHjoOo  (Limpiicht).  Other  of  its  reactions ■wiU  be  alluded  to  farther  on. 

Eespecting  its  chemical  constitution,  Kckule  ( "  Lehrbuch  der  Che- 
mie,"  vol.  ii.,  p.  408)  views  it  as  an  amine,  one  atom  of  hydrogen  in  am- 

C.Hsj 

monia  
being  displaced  

by  the  radicle  
CiHg,  thus,      

H    >     N.   Wichel- 

b:  ) 

haus,^  however,  has  shown  that  this  view  is  untenable,  since  it  reacts 
neither  with  chloroform,  with  bisulphide  of  carbon,  nor  with  ethyl 
iodide,  with  which  reagents  all  primary  amines  combine  energetically. 

2  "  Berichte  der  deutschen  Chemisclieii  Gesellscliaft,"  ii. 
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Accorclingly,  Baeyer  and  Emmeiiing'  have  proposed  for  it  the  consti- tutional formula 

K'H,  which  is  more  in  accordance  with  its  chemical  cha- racters. 

Similar  formulae  have  been  ascribed  to  pyiidine  and  chinoline,  in 
which  the  affinities  of  the  nitrogen  are  supposed  to  be  saturated  by  two 

carbon  atoms,  connected  with  each  other  thi'ough  the  intervention  of 
■other  carbon  atoms. 

Pyridine. 

c 
/W 

HC      CH 

II         I 
HC      CH 

\// 

IS"
 

The  experiments  which  I  have  to  describe,  while  they  confirm  the 
view  that  pyrrol  is  not  a  primary  amine,  lend  considerable  support 
to  the  ideas  of  Baeyer  and  EmmerHng  regarding  its  constitution. 

Experience  having  shown  that  an  unstable  body  frequently 
acquires  stability  by  the  substitution  of  acid  or  alcoholic  radicles  for 
its  displaceable  hydrogen,  my  first  efforts  have  been  directed  towards 
obtaining  derivatives  of  pyrrol.  Two  experiments  have  already  been 
made  in  this  direction  :  one  by  Lubawin/  who  made  the  interesting- 
observation  that  potassium  is  capable  of  removing  one  atom  of  hydro- 

gen in  pyrrol,  and  that  the  potassium-pyrrol,  CVH^KiS'  so  formed, when  treated  with  ethyl  iodide,  furnishes  potassium  iodide,  and  a  liquid 
the  analysis  of  which  corresponds  approximately  to  the  formula  of  an 

ethyl-pyrrol  C4Hi(C3H5)  jN".  This  he  describes  as  a  liquid  possessing 
a  turpentine-like  oclour,  which  boils  between  155°  and  175°  C.  (!),  and 
rapidly  turns  red  on  contact  with  air.  He  considers  it  probable  that 
in  these  bodies  the  potassium,  and  consequently  the  ethyl,  are  substi- 

tuted for  an  atom  of  hydrogen  in  the  hydrocarbon  nucleus  which 
may  be  assumed  to  exist  in  pyrrol  regarded  as  an  imide  base 

(C4H4)"  NH. 
Kottnitz,'  on  the  other  hand,  by  the  dry  distillation  of  the  mucatc 

3  "  Chemisclies  Centralblatt,"  1870,  p.  437. 
4  "  Zeitschrift  fur  Chemie,"  [2]  v.  399. 
•5  "  Journal  fiii-  Prakt.  Chemie,"  [2]  vi.  136-156. 2b 
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of  aniline  obtained,  besides  the  phenyl  derivatives  of  mucamide,  two 
bodies  of  neutral  character,  one  of  which  he  regards  as  phenyl-pyrrol 
C4H4  (CgHs)  N.  The  second,  which  is  only  formed  in  small  quantity, 

corresponds  to  the  formula  CisHulS's.     For  this  he  proposes  the  consti- 

tutional  formula  C4H4  -C^  •     From  toluidine  mucate  he  obtained 

only  the  homologue  of  this  latter  substance,  CigHiglN'n,  but  no  tolyl- 
pyrrol.  In  phenyl-pyrrol  it  is  highly  probable,  from  the  nature  of 
the  reaction,  that  the  group  CgHs  remains  in  connexion  with  the 
nitrogen,  and  Kottnitz  argues,  by  analogy,  that  the  same  position  must 

be  assigned  to  the  residue  ethyl  in  Lubawin's  ethyl-pyrrol.  That  this 
cannot  be  the  case  will  be  rendered  evident  by  the  results  of  my  expe- 
riments. 

The  plan  of  procedure  which  I  have  adopted  is  essentially  that  of 
Ivottuitz.  I  have,  however,  experimented  in  addition  with  secondary 
and  tertiary  monamines,  in  view  of  the  possibility  of  obtaining  di-  and 
tri-derivatives  of  pyrrol.  In  this  respect  my  expectations  have  not 
been  fulfilled,  and  thus  the  view  of  Wichelhaus  and  of  Baeyer  and 
Emmerling,  viz.,  that  pyrrol  does  not  contain  the  residue  jSTHa,  has 
received  strong  confirmation.  I  have,  however,  succeeded  in  pro- 

ducing a  series  of  bases  derived  from  pyrrol,  besides  other  allied  bodies 
which  have  no  analogues  amongst  those  described  by  Kottnitz. 
These  I  proceed  to  describe. 

Distillation  of  Ethjlammonimn  Mucate. 

This  salt  is  easily  formed  by  bringing  together  solutions  of  ethyl- 
amine  and  mucic  acid  in  equivalent  proportions.  The  acid  is  rapidly 
dissolved  with  development  of  heat,  and  on  evaporation  and  slow 
cooling  the  mucate  is  obtained  in  large,  transparent,  slightly  oblique, 
rhombic  prisms,  which  are  freely  soluble  in  water,  less  so  in  alcohol. 
These  appear  to  correspond  to  the  formula  CsHioOs  .  I^K^  (C3II5) 
+  8  II2O.  They  efiloresce  on  exposure  to  air,  quickly  losing  the  whole 
of  their  water  of  crystallization.  If  dried  in  the  water  bath,  the  salt 
experiences  slight  dissociation,  some  ethylia  being  given  ojff.  The 
same  occurs  when  a  concentrated  solution  of  it  is  boiled.  The  crystals 
are,  therefore,  best  dried  in  vacuo  over  sulphuric  acid.  When  crys.tal- 
lized  from  water  at  a  high  temperature,  or  from  strong  alcohol,  the 
salt  is  deposited  in  the  anhydrous  Form.  A  determination  of  the 
ethylia  evolved  on  heating  the  dried  salt  with  caustic  potash  proved  it 
to  have  the  composition  CeHioOs,  2NH2C3HS. 

Exposed  to  heat,  mucate  of  ethylia  first  melts,  and  then  decom- 
poses with  intumescence.  To  obtain  its  distillation-products  direct 

heating  over  the  lamp  is  not  advisable.  The  operation  is  advan- 
tageously conducted  in  a  long-bodied  retort,  or,  better  still,  in  a  tall 

and  thin-sided  bottle,  secured  in  a  paraffin  bath  furnished  with  a 
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thermometer.  The  retort  or  bottle  containing  the  thoroughly-dried 
mucate  is  connected,  the  latter  by  means  of  a  wide  tube,  with  an  effi- 
-cient  condenser,  and  the  temperature  of  the  bath  gradually  raised. 
At  about  136°  0.  the  salt  shows  signs  of  decomposition,  while  the  dis- 

tillation proceeds  rapidly,  but  not  tumultuously,  when  the  bath  is 

heated  to  190°  C.  If  an  ordinary  retort  be  employed,  it  is  almost  im- 
possible to  prevent  the  intumescent  mass  from  frothing  over.  Water 

at  first  comes  over,  with  ethylamine  in  abundance,  while  carbonic 
anhydride  is  the  only  gaseous  product.  After  a  time,  minute  oily 
drops,  wMch  gradually  increase  in  bulk  and  number,  appear  in  the 
condenser,  and  when  the  operation  is  ended,  as  indicated  by  the  cessa- 

tion of  the  evolution  of  gas,  the  liquid  in  the  receiver  is  found  to 
consist  of  two  layers — a  lower  watery  one  holding  in  solution  carbon- 

ate of  ethylium  and  free  ethylia,  and  an  upper  oily  stratum  possessing 
an  odour  closely  resembling  that  of  pyrrol.  To  purify  the  latter,  it  is 
shaken  up  twice  or  thrice  with  its  own  bulk  of  water,  and  then  with 
very  dilute  sulphuric  acid,  in  order  to  remove  the  last  traces  of 
ethylia ;  again  washed  with  potash  solution  and  water,  and  finally 
dried  over  calcium  chloride.  Submitted  to  fractional  distillation,  if 
the  material  used  in  its  preparation  were  perfectly  pure,  it  commences 

to  boil  at  a  few  degrees  below  131°  C,  the  thermometer  rapidly  rising 
to  that  temperature,  at  which  it  remains  until  about  half  the  liquid 
in  the  retort  has  passed  over.  This  is  collected  separately.  On  con- 

tinuing the  heat  the  thermometer  again  quickly  rises,  until  at 

569°-270°  it  becomes  stationary.  The  distillate  at  this  temperature 
solidifies  in  the  condenser  and  tube  of  the  retort.  The  products  boil- 

ing at  these  two  temperatures  constitute  almost  the  entire  mass  of  oily 
■distillate. 

When  the  bottle,  or  retort,  in  which  the  distillation  has  been  con- 
ducted, is  allowed  to  cool,  it  is  found  to  contain  a  mass  of  crystals, 

saturated  with  an  oily  liquid  identical  with  the  high-boiling  liquid 
previously  obtained.  The  two  substances  may  be  easily  separated  by 
means  of  cold  alcohol,  in  which  the  crystalline  residue  is  very  slightly 
soluble,  while  the  oily  liquid  is  miscible  with  it  in  all  proportions. 
The  solid  is  then  repeatedly  crystallized  from  boiling  rectified  spirit, 

when  it  is  obtained  in  delicate  needles,  melting  at  229°-230°  C.  (im- 
•corrected).  The  cold  alcoholic  residue  is  evaporated  on  the  water 
bath  to  remove  the  spirit,  and  may  then  be  at  once  distilled,  when  it 

furnishes  a  large  amount  of  the  product  boiling  at  269°-270°  C.  It  is 
better,  however,  to  distil  it  by  means  of  a  current  of  steam  from  a  re- 

tort placed  in  a  paraffin  bath  heated  to  about  220°.  The  distillate 
then  consists  of  a  heavy  oil,  the  high-boiling  product  in  question,  sur- 

mounted by  a  layer  of  water ;  from  the  latter,  by  shaking  with  ether, 
an  additional  quantity  may  be  recovered.  The  collected  products  may 

be  again  distilled,  and  the  portions  coming  over  at  about  270°  C. 
induced  to  solidify  by  contact  with  one  of  the  crystals  first  obtained. 

The  three  products  resulting  from  an  operation  conducted  as  above 
were  separately  examined. 
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The  liquid  of  low  boiling  point,  after  a  fe-v\^  rectifications,  distilled 
at  131°,  and  on  analysis  yielded  tte  following  results  : — 

Experiment.  Calculated  for 
I.  II.  III.  CiSilCoHs)^. 

C   =  75-92  —  —   75-79 
H  =    9-71  —  —   9-47 

Is"  =     —  14-58  14-69   14-83 

That  it  was  an  ethyl-deiivative  of  pp-rol  is  thus  proved  by  its 
analysis,  and  the  eii'cumstances  under  which  it  was  produced. 

Ethyl-pp-rol  is  a  colourless  liquid  of  sp.  gr.  '9042  at  10°C.,  -8936  at 
1 5°  C.  It  possesses  an  odour  closely  resembling,  biit  still  distinguishable 
from  that  of  pyrrol.  Like  that  body,  it  is  very  spaiingly  soluble  in  cold 

water  or  in  dilute  acids,  easily  in  concentrated  hydi'ochloric,  nitric,  or 
acetic  acids.  Sulphuric  acid  also  dissolyes  it,  giying  a  dark-coloured 
solution  which  strikes  a  deep  black  with  potassium  bichi'omate.  Its 
rapour,  like  that  of  pyiTol,  colours  fir-wood  moistened  with  hydro- 

chloric acid  an  intense  crimson.  "With  alcoholic  mercuric  chloride  it 
gives  a  white  precipitate.  Its  alcoholic  solution  gives  a  dark  colour 

with  platinum  tetrachloride,  biit  no  precipitate,  even  on  standing  f  or- 
twenty-four  hours  (difference  from  pyiTol). 

By  their  behaviour  with  concentrated  acids  the  two  bases  are 
strikingly  distinguished.  When  pyrrol  is  boiled  with  strong  hydro- 

chloric acid,  it  is  converted  in  a  few  seconds  into  a  jelly-like  mass  of 
pyiTol-red ;  whereas  the  ethyl-derivative  may  be  boiled  for  some  time 
with  the  concentrated  acid,  and  aftei'wards,  by  dilution,  precipitated 
unaltered.  Both  pyrrol  and  ethyl-pyrrol  are  oxydized  with  explosive 
violence  on  gentle  warming  with  strong  nitric  acid ;  and  in  the  cold 

the  former  is  quickly  converted  into  pyrrol-red.  But  if  ethyl-pyiTol 
be  dissolved  in  a  minimum  of  cold  nitric  acid,  the  mixture  on  standing- 
for  some  time  deposits  a  thick,  oily  liquid,  which  may  be  redissolved 

by  a  slight  addition  of  acid,  only  to  reappear  soon.  "When  freed  fi'om nitric  acid  and  pyrrol,  by  washing  with  water,  this  liquid  does  not 

give  the  fii'-wood  reaction,  either  alone  or  when  heated  with  potash.  It 
is  in  all  probabihty  a  nitro-derivativc.  I  propose  to  examine  it 
further. 

If  bromine  be  added  to  ethyl-pyrrol  or  to  its  solution  in  ether, 
chlorofoi-m,  acetic  acid,  etc.,  the  mixture  becomes  black  and  tarry, 
giving  ofi  hydi'obromic  acid.  But  if  a  fi'eshly-prepared  and  cooled 
solution  of  bromine  in  alcohol  be  cautiously  added  to  an  alcoholic 
solution  of  ethyl-pyrrol,  at  a  certain  point,  the  latter  deposits  ciystals 

of  a  compound,  melting  about  90°  C,  quite  insoluble  in  water,  and 
but  sparingly  taken  up  by  strong  spirit.  It  is  probably  an  addition 
product ;  but  I  have  not  yet  obtained  it  in  sufiicient  quantity  to 

examine  it  completely.  I'nder  no  circiimstanccs  have  I  been  able  to 
obtain  such  a  body  fi'om  pyrrol. 

The  liquid  boiling  at  269*^-270°,  when  pure,  solidifies  slowly  to  a 
mass  of  loug  and  thick  prisms,  which  arc  more  rapidly  but  not  sa 
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teaiitifuUy  formed  Avhen  a  ready-formed  crystal  is  introduced  into  it. 
But  the  presence  of  even  very  small  quantities  of  foreign  bodies 
suffices  to  retard  the  crystallization  to  an  extraordinary  degree,  or 
oven  to  hinder  it  altogether.  In  boiling  water  this  substance  is  tole- 

rably soluble,  and  separates  on  cooling  in  the  form  of  oily  drops, 

which  after  some  days  solidify.  It  melts  at  43°-44"  C.  when  dry  ; 
when  moist,  at  a  much  lower  temperature  :  wherefore  it  is  necessary 
to  avoid  breathing  on  it  or  touching  it  with  the  fingers. 

Its  analysis  gave  the  following  results  : — 

-p         .        ,  Calculated  for  diethyl-carbo- 
^  -  pyrrol- amide. 

C5H4  (C2H5)2N20. 
C  =  64-56   65-06 
H=  Lost    8-43 
^  =  16-68           16-86 

It  is  without  doubt  a  diethyl-derivative  of  Schwanert's  carbo- 
pyrrol-amide.  Its  formula  may  therefore  be  written  : — C4ll3(NC2ll5) 
(CONHCzHs).  It  is  a  remarkably  stable  body.  When  pure  it  is 
quite  permanent  in  air,  and  may  be  distilled  unaltered.  Its  behaviour 
towards  alkalies  is  peculiar.  Prolonged  boiling  with  aqueous  potash 
or  barium  hydrate  fails  to  affect  it  in  the  slightest  degree,  and  even 
after  boiling  for  hours  with  a  large  excess  of  alcoholic  potash,  nearly 
the  whole  of  it  may  be  recovered  unaltered.  Strong  acids  dissolve  it 
easily,  and  yield  it  unchanged  on  dilution.  The  hydrochloric  and 
acetic  acid  solutions  may  even  be  boiled  without  decomposition  en- 
suing. 

The  crystalline  substance,  sparingly  soluble  in  cold  alcohol,  which 
is  left  in  the  retort  when  ethylammonium  mucate  is  distilled,  is  dis- 

solved by  concentrated  acids,  precipitated  on  dilution,  and,  in  fact, 
presents  all  the  characters  of  an  amide.  In  water  it  is  completely  in- 
sohible.    Analysis  conducted  to  the  formula  CialligNaOo : — 

Calculated  for 

CsHisNsOo. 60-76 
8-14 

17-72 

This  peculiar  body  strongly  resists  decomposition.  By  careful 
heating  it  may  be  sublimed  unaltered,  and  may  be  boiled  with  either 
aqueous  or  alcoholic  potash,  without  suffering  any  change.  Heated  in 
a  test-tube  with  soda-lime,  it  is  partially  decomposed,  giving  off  ethyl- 
amine  and  a  vapour  which  exhibits  the  fir-wood  reaction,  and  is 
therefore,  presumably,  ethyl-pyrrol. 

The  changes  occurring  then  during  the  distillation  of  ethyl- 
ammonium    mucate    are   the    following;    it  will   be    convenient   to 

Experiment. 

I.                   II. 

c  = 60-   8         60-51 

H  = 8-28           8-51 

N  = 17-88          17-55 
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present    mucic    acid    as    the   dicarboxyl    derivative    of    a    radicle 

C4H10O4  : — 

Ethyl-pyn-ol. 

(1)  C4H80,2COO]S'(C2H5)H3  =  CHiCCaH^)]^'   +    2CO2  +  NHsC^Hs +  4H3O. 

Diethyl-carbo-pyrrol-amide. 
(2)  CiH80,2COON(CoH5)  H3  =  C5H4  (C2H5),Ni,6  +  CO.^  +  SH^O. 

In  order  to  explain  the  formation  of  the  third  product,  CijHiglSrsOo, 
we  must  assume  that  a  molecule  of  ethylia,  liberated  according  to 
equation  (1),  enters  into  reaction  with  a  molecule  of  unaltered 
mucate,  forming  water  and  the  new  body  : — 

(3)  CiH8042COOIsT (C0H5)  II3  +  I^ (C0H5) Ho  -  C12H19N3O,  +  6H0O. 

The  quantity  of  this  latter  produced  appears  to  increase  with  the 
purity  and  dryness  of  the  salt  operated  on,  and  the  slowness  with 
which  the  distillation  is  conducted.  The  presence  of  even  a  small 

quantity  of  di-  or  tri-ethylamine  prevents  its  appearance  altogether. 
This  is  readily  explained,  since  I  have  found  that  on  heating  a 
mixture  of  ethyKum  and  dicthylium  mucate,  the  base  expelled  in  the 
free  state  consists  chiefly  of  diethylia,  which  evidently  could  not 
enter  into  reaction  (3). 

In  fact,  the  yield  of  ethyl-pyrrol  under  these  circumstances  is 
considerably  greater  than  when  the  pure  primary  amine  is  employed. 

In  the  case  of  a  double  salt  of  primary  and  secondary  ethyl- 
ammonium,  for  example,  the  reaction  appears  to  take  place  principally, 

though  not  quantitatively,  according  to  the  following  equation  : — 

CHeO,  {cooNraSS  =  C4H,(C,Il5)I^  +  2C0,  +  N(C,HOoH  +  4H,0. 

Por  the  preparation  of  ethyl-pyrrol,  then,  the  mixture  of  bases 
furnished  by  digesting  ethyl-iodide  with  ammonia,  after  removal  of 
the  ammonia,  may  be  used  with  advantage. 

The  relations  of  the  body  C12II19N3O2  will  be  discussed  further  on. 

Distillation  of  Metliylammonium  Mucate. 

This  salt  is  also  easily  prepared  by  shaking  up  the  requisite  weight 
of  mucic  acid  with  a  somewhat  dilute  methylamine  solution.  The 
mixture  becomes  warm,  and  if  sufficient  water  is  present  the  acid  is 

completely  dissolved.  On  evaporation  the  mucate  is  obtained  in  an- 
hydrous crystals.  It  is  much  less  soluble  than  the  corresponding 

ethylia  salt,  and  may,  with  little  loss,  be  crystallized  from  boiling- 
water.     Even  boiling  alcohol  scarcely  dissolves  it. 

Exposed  to  a  temperature  of  180°-190°  C.  in  the  apparatus  pre- 
viously described,  it  is  decomposed  with  intumescence  and  evolution  of 

carbonic  anhydride,  and  the  production  of  a  mixed  aqueous  and  oily 
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^distillate.  The  oily  layer  consists  of  methyl-pyrrol,  holding  in  solution 
a  small  quantity  of  dimethyl- carho-pyrrol-amide.  The  two  are  easily 
separated  from  the  thoroughly  washed  and  dried  mixture  by  fractional 
distillation.  The  greater  part  of  the  amide,  however,  remains  in  the 

decomposing-retort,  and  may  be  easily  extracted  by  distillation  at 
about  200°  C.  in  a  current  of  steam,  when  it  comes  over  as  a  heavy  oil, 
which  soon  solidifies.  From  the  water  which  accompanies  it,  large 

and  beautifully-formed  crystals  are  deposited  after  it  has  remained 
undisturbed  for  a  few  days. 

If,  after  the  second  distillation  is  terminated,  the  black  residue  in 
the  retort  be  treated  with  warm  alcohol,  it  will  be  found  to  dissolve 
almost  completely ;  the  solution,  on  cooling,  deposits  small  hard 
crystals,  which  may  be  the  methyl  analogue  of  the  body  Ci2HigN302. 
All  my  efforts  to  obtain  these  crystals  in  a  form  suitable  for  analysis 
have  as  yet  failed,  and  the  smallness  of  their  quantity  has  prevented 
me  ascertaining  their  physical  and  chemical  characters  with  exact- 
ness. 

Methyl-pyrrol  is  a  colourless,  mobile,  and  volatile  liquid,  of  specific 

gravity  -9203  at  10°  C,  and  boiling  point  112°-113°  C;  the  latter  is 
20°-21°  lower  than  that  of  pyrrol.  On  exposure  to  air  it  slowly 
becomes  brown.  Its  odour  recals  at  once  those  of  pyrrol  and  of 
ethyl-pyrrol,  but  is  distinguishable  from  both.  With  nitric  acid, 
bromine,  and  other  reagents,  it  behaves  exactly  like  the  latter.  Its 

•composition  is  clearly  proved  by  the  following  analysis : — 

■c,         •        .  Calculated  for 
Experiment.  C,Hi(CH3)N. 
C    =  73-9   74-07 
H  =     8-91   8-64 
IT  =  17-26    .         ...         .         .         .         17-28. 

Dimethyl-carbo-pyrrol-amide  is  a  crystalline  body,  melting  at 

■89°-90°  C,  and  boiling  at  about  260°  C.  In  all  its  chemical  characters 
it  resembles  the  corresponding  ethyl  compound,  exhibiting  the  same 
indifference  towards  strong  acids  and  alkalies.  It  is,  however,  much 

more  soluble  in  water,  hot  or  cold.  "When  caused  to  crystallize 
rapidly  from  its  cold  supersaturated  solution  it  appears  in  thin  glis- 

tening scales ;  but  when  it  separates  spontaneously  it  f onns  hard 
transparent  massive  prisms.  Its  analysis  yielded  the  following  re- 

sults : — 

XI         •        ,  Calculated  for 
Experiment.  C5H4  (CH3)2N20. 
C    =  60-62     .         .      '   .         .         .         .         60-87 
H  =    7-58   7-24 

IS"  =  20-24   20-29. 

Its  fusing  point  is  intermediate  between  that  of  carbo-pyrrol-amide 

(173°  C.)  and  that  of  diethyl-carbo-pyrrol-amide  (44°  C). 
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Distillation  of  Amylammonium  Miicate. 

Like  its  congeners,  this  salt  is  easily  prepared  by  bringing  together 

an  aqueous  solution  of  amylamine®  and  mucic  acid.  On  evaporation, 
it  is  obtained  as  a  confusedlj"  crystalline  mass,  exceedingly  soluble  in 
A^'ater  and  alcohol,  and  difficult  to  obtain  in  well-defined  crystals.  I  have 
therefore  not  examined  it  particularly,  but  have  submitted  the  salt,  after 
thorough  drying  on  the  water  bath,  to  distillation.  This  was  conducted 
as  already  described,  but  towards  the  close  of  the  operation  the  bath  was 

allowed  to  attain  a  temperature  of  200°  C,  although  this  was  by  no 
means  necessary  for  the  decomposition,  which  took  place  between  160° 
and  180°.  The  distillate  was  chiefly  water,  holding  in  solution 
amylammonium  carbonate,  on  the  surface  of  which  floated  a  small 

quantity  of  a  very  agreeably-smelling  oU,  which  was  separated,  puri- 
fied, and  dried,  as  described  for  ethyl-pyrrol.  When  distilled,  it 

commenced  to  boil  at  179°  C. :  the  thermometer  rose  quickly  to 
188°  C,  when  nothing  more  came  over.  On  cooliug,  the  residue 
solidified.  The  liquid  which  passed  over  between  179°-188°C.,  after 
standing  for  some  days,  deposited  a  few  needles,  and  on  redistillation 
again  gave  a  residue  which  solidified.  To  free  it  from  this  crystalline 
body  the  rectification  had  to  be  many  times  repeated.  Finally  I 
succeeded  in  isolating  a  colourless  liquid,  of  a  fragrant,  but  somewhat 

oppressive  odour.  Sp.  gr.  (at  16°  C),  -8786.  It  boiled  between 
180°  C.  and  184°.    Analysis  yielded  results  agreeing  with  the  formula 
C4H4(C,Hu)]N\ 

xi         •        .  Calculated  for 
Experiment.  CiHiCCsHn)^. 
C  =  78-83   78-83 

H  =  11-28    .         .         .        '.        •.         .         10-95. 

The  yield  from  25  grams,  of  amylamine  (the  quantity  which  I 
employed)  only  equalled  a  few  cubic  centimeters.  I  did  not,  therefore, 
make  a  nitrogen  cletermination,  the  nature  of  the  liquid  being  already 
sufiiciently  established.  It  could  be  no  other  than  amyl-pyrrol.  In 
its  reactions,  so  far  as  I  have  examined  them,  it  resembles  the  methyl 
and  ethyl  derivatives.  It  is,  however,  nearly  insoluble  in  water,  and 
retains  its  freedom  from  colour  for  a  long  time. 

The  residue  from  the  distillation  of  the  mucate  consisted  almost 

entirely  of  diamyl-carbo-pyrrol-amide,  which  was  indeed  by  far  the 
most  abundant  product.     I  did  not  examine  it  for  the  amyl  analogue 

6  Amylamine  may  be  most  advantageously  prepared  by  Wurtz's  process  from 
cyanate  of  silver  and  amyl  iodide,  since  Grimm  has  tauglit  ns  an  easy  and  rapid 
method  of  procuring  the  latter.  For  the  preparation  of  cyanates,  see  a  process  which 

I  have  given  ("  Chemical  News,''  vol.  xxxii.  p.  99).  The  formation  of  amyl  cyanate and  cyanurate  (almost  a  quantitative  reaction)  takes  place  in  a  few  hours  in  sealed 

tubes  at  160°  C.  I  have  also  found  that  amyl  bromide,  contrary  to  what  is  usually 
stated,  when  digested  with  alcoholic  ammonia  for  a  coiiple  of  days  at  100°  C, 
furnishes  a  considerable  quantity  of  the  primai-y  amine. 
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of  C13II19N3O2.  Since,  however,  I  found  in  the  watery  distillate  an 
amount  of  amylia  corresponding  to  the  yield  of  amyl-pyrrol,  I  am 
perfectly  satisfied  that  it  was  not  formed.  The  amide  is  best  extracted 
hy  distillation  over  the  naked  flame,  the  heat  being  removed  as  soon  as 
the  drops  which  condense  in  the  neck  of  the  retort  become  highly 
coloured.  The  distillate  quickly  solidifies,  and  may  be  purified  by 
crystallization  from  boiling  60  per  cent,  alcohol,  time  being  always 
allowed  for  the  oily  drops  which  first  separate  to  assume  the  solid 
form.  Diamyl-carbo-pyrrol-amide  is  then  obtained  in  long  and  deli- 

cate needles,  which  melt  at  77^  C.  It  is  still  less  easily  attacked  by 
alkalies  than  its  methyl  and  ethyl  analogues.  Prolonged  boiling  with 
baryta  water  or  with  aqueous  or  alcoholic  potash  fails  to  alter  it  in  the 
slightest  degree ;  and  even  when  distilled  from  soda  lime,  its  very 
partial  decomposition  is  only  betrayed  by  the  powerful  odour  of  the 
amyl-pyrrol  evolved.  The  greater  part  of  it  sublimes  imchanged. 
Nevertheless,  the  following  analyses  leave  no  doubt  as  to  its  compo- 

sition : — 
Experiment.  Calculated  for 

I.  II.  III.  C3H4  (CjHiOsN.Os. 
C  =  71-89     72-19        -  ....         72-0 
H=  10-66        -  -  ....         10-4 

N-      -  -        11-02         ....         11-2. 

The  following  reactions  occur,  then,  during  the  dry  distillation  of 

amylammonium  mucate. 

Amyl-pyrrol. 

(1)  CiHASCOOIs^CCHiOH.  =  C,H,(C,IIn)N  +  2C0,  +  (C'sHiOH^N +  4HoO. 

■  Diarayl-carbo-prrrol-amide. 

(2)  C4H8042COOX(C5Hn)H3  =  C5Hl(C5Hu)2is'oO      +      COo  +  5Ho.O. 

Experiments  which  I  have  made  with  the  mucate  of  phenylenc- 
diamine  (meta),  owing  probably  to  the  easy  alterability  of  the  products, 
have  as  yet  led  to  no  definite  results.  In  a  future  communication  I 
hope  to  describe  experiments  with  the  salts  of  allylamine,  naphthyl- 
amine,  and  ethylene-  and  phenylene-diamines. 

Having  established  the  fact  that  by  distillation  of  the  mucates  of 
primary  amines  we  obtain  mono-derivatives  of  pyrrol,  it  seemed  next 
of  interest  to  ascertain  whether  the  secondary  amines  would,  under 
similar  circumstances,  give  rise  to  twice  substituted  derivatives.  If 
pyrrol  were  an  amine  of  the  form  (C4ll3)II.3X,  as  Schiff  and  Kekulo 
originally  surmised,  avc  might  expect  to  obtain  such  derivatives;  but 
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thev  are  theoretically  impossible  if  its  constitution  is  truly  represented 

c  =  c\ 
by  tbe  foiTaula   |  /  XH. C  =  c/ 

H     H 

As  Tvill  be  seen,  I  haye  not  obtained  them;  and  this  fact,  I  think, 
lends  to  confirm  the  theory  of  Baeyer.  I  haye  experimented  with  the 
mucates  of  diethyl  and  diamyl-amine. 

DistiUatian  of  Diethjlammonium  2Iucate. 

This  salt  is  obtained  by  dissolying  mucic  acid  in  solution  of  diethyl- 
amine,  eyaporating  and  crystallizing.  It  contains  water,  and  is 
extremely  soluble  both  in  that  liquid  and  in  alcohol.  When  heated 
in  the  paraffin  bath  it  decomposed  with  intumescence  and  eyolution  of 
carbonic  anhydride,  like  the  primary  salt,  but  at  a  somewhat  lower 
temperature.  The  distillate,  as  before,  was  a  watery  solution  of 
(liethylammonium  carbonate,  on  the  surface  of  which  floated  a  small 

(Quantity  of  an  oily  liquid,  possessing  the  odom-,  boiling  point,  and 
other  characters  of  ethyl-pyrrol.  This  was  eyidently  due  to  the  pre- 

sence of  some  primary  amine  in  the  diethylamine  used.' The  retort  residue  was  a  black,  carbonaceous  mass,  burning  with 

fiame.  fi-om  which  neither  by  solvents  nor  by  fui'ther  heating  could 
anything  suitable  for  analysis  be  extracted. 

•       Distillation  of  Diaraylamraonium  JHucate. 

Easily  formed  by  the  dii-ect  union  of  diamylamine*  and  mucic 
acid.  The  resulting  compound  is  freely  soluble  in  water  and 
alcohol.  The  distillation,  which  was  slowly  conducted  oyer  the  naked 
flame,  in  every  respect  resembled  that  of  the  preceding  salt.      Owing 

'  Tlie  diethylamine  ■tt-as  prepared  from  diethyloxamic  ether,  hoiling  -nithiii  a 
few  degTees  of  264'  C.  As  ohtained  in  the  sepai-ation  of  the  ammonia  bases  by 
oxalic  ether,  it  is  impossible  (at  least  on  the  small  scale)  to  separate  it  from  simnl- 
taneously-fonned  monoethyloxamic  ether  CWallach).  Hence  the  presence  of 
ethylia  in  the  diethylia  extracted  from  it  by  caustic  potash.  Baerer  ("  Berichte," 
vii.  963)  has  now  shown  that  by  the  action  of  caustic  soda  on  nitroso-diethyl- 
aniline  and  nitroso-dimethyl-aniliiie,  dimethylamine  and  diethylamine  may  be 
obtained  in  a  state  of  absolute  purity.  But  as  this  method,  the  only  really  satis- 

factory one,  is  somewhat  costly,  I  propose  to  separate  the  primary  and  secondary 

bases  by  the  distillation  of  their-  mucates.  If  the  quantity  of  primary  base  be 
small,  the  secondary  base  ̂ ^ill  alone  be  liberated  in  the  free  state.  I  am  not,  how- 

ever, prepared  ̂ ^ith  analytical  proofs. 
s  Diamylamine  is  usually  stated,  on  the  authority  of  its  discoverer,  Hofmanu, 

to  boil  at  170' C.  I  have  found,  however,  that  it  (that  is,  the  variety  prepared 
fi-om  ordinaiy  amylic  alcohol)  boils  at  1S5'-1S7'.  That  which  I  employed  in  these 
experiments  boiled  within  a  few  degTees  of  this  temperature,  and  3-et  evidently  con- 

tained much  amylaminc  (B.P.  95-  C.).  I  am  convinced  that  the  complete  separa- 
tion of  the  primary,  secondary,  and  teitiaiy  amylamines  by  fractional  distillation  is 

.as  little  feasible  as  that  of  the  ethyl  bases  by  the  same  process. 
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to  the  very  sparing  solubility  of  diamylamine  in  water,  the  greater- 
part  of  it  formed  a  layer  on  the  top  of  the  distillate.  This  layer 
included  a  not  inconsiderable  quantity  of  amyl-pyrrol  and  of  diamyl- 
carbo-pyrrol-amide,  no  doubt  due  to  the  presence  of  amylamine  in  the 
salt  operated  upon.  They  were  easily  detected  and  isolated,  when  the 
diamylamine  was  converted  into  hydrochlorate.  The  retort-residue 
presented  the  appearance  previously  described. 

Distillation  of  Triethylummonkim  Mucate. 

Although  in  view  of  the  results  obtained  with  the  secondary 
amines  little  could  be  expected  from  the  experiment,  I  have  never- 

theless, for  the  sake  of  completeness,  executed  it. 
Triethylamine  combines  with  mucic  acid  to  form  an  extremely 

soluble  compound,  which  crystallizes  in  long  prisms.  On  heating  a 
strong  solution  of  the  salt  it  undergoes  dissociation  (decomposition  ?), 
triethylamine  being  given  off,  while  the  liquid  becomes  strongly  acid. 

"When  distilled  in  the  paraffin  bath  this  salt  also  decomposed  at  about 
170°,  the  sole  products  being  a  carbonaceous  residue,  as  before,  and  a 
clear  solution  of  triethylia  carbonate,  on  the  surface  of  which  floated 
some  free  triethylia.  The  residue,  which  resembled  in  appearance 
and  properties  those  previously  obtained,  was  not  minutely  examined. 

It  is  now  clear  that  the  primary  amine  salts  of  mucic  acid  are  alone 
capable  of  furnishing  by  distillation  derivatives  of  pyrrol.  The  fact 
that  these  derivatives  are  generated  at  a  lower  temperature,  and  with 
fewer  secondary  products,  than  pyrrol  itself  from  ammonium  mucate, 
strengthens  us,  I  think,  in  the  conviction  that  the  group  C4H4,  exist- 

ing in  them,  must  in  some  way  form  the  base  on  which  the  molecules 
of  mucic  acid,  galactose,  and  possibly  of  many  other  sugars,  are  con- 
structed. 

It  is  quite  evident  that  the  methyl,  ethyl,  and  amyl  groups  in  these 

derivatives  must  stand  in  dii'ect  connexion  with  the  nitrogen.  In  fact 
the  bases  of  this  series  cannot  be  regarded  as  true  homologues  of 
pyrrol,  since  the  fatty  radicles  are  simply  introduced  into  the  lateral 

chain  =  I^H,  and  not  into  the  hydi'ocarbon  nucleus.  In  this  respect 
it  is  interesting  to  contrast  their  boiling  points  and  other  physical 
properties.  It  will  be  observed  that  the  introduction  of  the  methyl 
group  into  the  pyrrol  molecule  at  once  lowers  the  boiling  point  about 

21°,  instead  of  raising  it ;  but  that,  starting  from  methyl-pyrrol,  the 
boiling  points  exhibit  approximately  the  common  difference  of  19° 
for  each  addition  of  CII2. 

Boiling  Points.  Difference  from  preceding  Term. 

Pyrrol,    ...  133°  — 

Methyl-pyrrol,    112-113° 
Ethyl-pyrrol,   .131 
Amyl-pyrrol,    .   180-184 

-  20° to  -  21° +   18 
to  +  19 

+  17 

X  3  9.  p 
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The  above  boiling  points  are  nncorrected.  In  the  case  of  amyl- 
pyrrol,  since  the  quantity  of  liquid  was  small,  and  the  thermometer  by 

no  means  all  that  could  be  desired,  the  correction  to  be  applied  -would 
in  all  probability  amount  to  five  or  six  degrees,  which  would  bring  its 

boiling  point  into  still  closer  conformity  with  KopjD's  law. 
On  the  other  hand,  the  ethyl-pyrrol  obtained  by  the  action  of 

ethyl  iodide  on  potassium-pyrrol  is  stated  by  Lubawin,  its  discoverer, 
to  boil  between  155°  and  175°  C.  From  tlae  description  given  of  it, 
the  compound  was  manifestly  in  an  impure  state  ;  but  if  obtained  free 
from  foreign  matter  it  would,  no  doubt,  be  found  to  have  the  boiling 

point  133+19x2-l7l°C.  It  is,  in  short,  a  true  homologue  of 
pyrrol.  The  isomerism  of  these  two  ethyl-derivatives  may  be  ex- 

plained by  the  following  constitutional  schemes  : 

Pyrrol.  Ethyl-ppTol  (Luba'win).  Ethyl-pjorol. 

(C,H,)  =  X      H(C,H3  (C3H5) )  =  NH        (C,H,)  =  N  (C^H,). 

"We  may,  I  think,  reject  as  disproved  the  surmise  of  Kottnitz, 
that  in  Lubawin' s  ethyl-pyrrol  the  ethyl  is  united  to  the  nitrogen. 

If  these  formulae  are  correct,  it  should  be  possible  to  substitute  in 

the  compound  C^HiJ^  (C0H5),  by  Lubawiu's  process,  an  ethyl  group 
for  one  of  the  nuclear  atoms  of  hydrogen,  and  so  to  ari'ive  at  the  base 
■C4H3  (C2H5)  NCoHg.  I  have,  in  fact,  observed  that  potassium  acts  on 
ethyl-pyrrol,  evolving  hydrogen :  but  the  action  is  extremely  slow, 
whereas  pyrrol  is  violently  attacked  by  the  metal.  The  slight 
action  in  the  former  case  may,  possibly,  be  due  to  the  presence  of  im- 

purities. On  this  point  I  cannot  at  present  speak  with  certainty,  the 
quantity  of  liquid  in  my  possession  not  permitting  of  a  satisfactory 
solution  of  it. 

In  planning  methods  for  obtaining  derivatives  of  pyrrol,  it  must  be 
borne  in  mind  that  the  two  ethyl  compounds  just  mentioned  by  no 
means  represent  all  the  different  modes  of  substitution  of  which  the 
pyrrol  molecule  is  theoretically  susceptible.  If  we  apply  here  the 
beautiful  ideas  of  Kekule  on  the  isomerism  of  benzol  derivatives,  it 

will  be  evident,  pre-supposing  the  correctness  of  Baeyer's  formula, 
that  the  introduction  into  the  molecule  of  any  given  radicle  might 
give  rise  to  three  isomeric  bodies,  accordingly  as  it  displaced  what 
we  may  call  the  imidic  hydrogen,  or  one  of  either  of  the  pairs  of 

hydrogen  atoms  adjacent  to,  and  remote  fi'om,  the  nitrogen.  Here  we 
have  indicated  the  existence  of  a  large  number  of  derivatives,  some  of 
which  may  yet  prove  of  therapeutic  importance.  From  experiments 
on  which  I  am  at  present  engaged,  in  conjunction  with  my  friend  Dr. 

Lapper,  it  is  evident  that  the  toxic  properties  of  pp-rol,  which  are 
powerful,  are  modified  in  an  interesting  manner  by  the  substitution  of 
alcoholic  groups  for  its  imidic  hydrogen.  So  far  our  results  afford  a 
striking  parallel  to  the  interesting  observations  of  Crum-Brown  on  the 
physiological  action  of  strychnia  and  aconitia,  and  their  derivatives. 
Our  experiments  shall  form  the  subject  of  a  future  communication. 
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What  the  precise  nature  of  the  relationship  which  subsists  between 
pyrrol  and  mucate  of  ammonia  may  be,  is  still  obscure.  Nevertheless, 

I  think  the  existence  of  the  compound  CjoHiglN'sOo  is  calculated  to throw  some  light  upon  it.  Since  this  body  on  heating  with  alkalies 
evolves  ethyl-pyrrol,  we  must  assume  the  pyrrol  nucleus  to  exist  in  it 
already  formed.  Its  constitution  is  then  most  easily  explained,  if  we 
assume  that  it  differs  from  diethyl-carbo-pyrrol-amide  in  containing  the 
group  (COISTHCoIIs)  twice  instead  of  once. 

Ethyl-pyiTol.        Diethyl-carbo-pyrrol-amide.  New  body. 

C4H4  NCCaHs)      CiHs  (CONHC2H5)  N  (C2H5)      C4H0  (CONHC.Hs)^  N  (C2H5)  ; 

and  since  this  view  is  quite  in  accordance  with  its  chemical  behaviour, 

I  propose  for  it,  provisionally,  the  name  triethyl-dicarbo-pyrrol-amide. 
Further  researches  are  needed  before  we  can  regard  this  relationship 
as  definitely  established ;  but  I  think  I  can  show  that  at  least  great 
probability  is  lent  to  it,  when  we  collect  the  results  of  certain  isolated 
experiments  on  mucic  acid,  and  endeavour  to  fit  them  together. 

Fittig,^  by  the  prolonged  action  of  hydrobromic  acid  on  mucic  acid 
in  sealed  tubes  at  100°  C,  has  obtained  a  bibasic  acid  which  he  terms 
dehydromucic  acid,  and  which  bears  to  mucic  acid  the  relation  of  an 

anhydride : — 
CeHioOg  -  3HoO  =  CsHiOs. 

The  basicity  of  this  acid  compels  us  to  write  its  formula  C4H2O 
(C00H)3,  which  formula  is,  moreover,  in  perfect  accord  with  its  be- 

haviour when  heated.  When  its  temperature  is  rapidly  raised  it  breaks 
up  at  once,  and  quantitatively,  into  the  monobasic  pyromucic  acid  and 
free  carbonic  anhydride, 

C4H2O  (C00H)2  -  C4H3O  (COOH)  +  CO3. 

Some  years  ago,  now,  Limpricht^"  showed  that  when  this  latter 
(pyromucic)  acid  (which  may  also  be  obtained  directly  by  heating 
mucic  acid)  is  heated  with  soda-lime,  it  again  parts  with  CO2,  and 
yields  a  very  volatile  liquid,  C4H4O,  to  which  the  inapt  name  tetra- 
ph&nol  has  been  applied. 

C4H3O  (COOH)  -  C4TI4O  +  CO2. 
The  characters  of  this  body  are  such  as  to  show  clearly  that  it  does 

not  contain  the  grouping  OH  at  all ;  that  it  is,   in  fact,   neither  an 
alcohol  nor  a  phenol.     Limpricht,  therefore,  assigns  to  it  the  formula 

H 
HC  =C 

I         ̂ 0.  Pyromucic  acid  is  then  a  mono-carboxyl,   and  Pittig's HC  =  C 
H 

acid  a  di-carboxyl-derivative  of  this  tetraphenol. 

^  "  Bericbte  der  deutscben  Chemiscben  Gesellscbaft,"  ix.  1198. 
lu  "  Aimaleu  der  Cbeiuic  und  der  Pbarinacie,"  band  clxv.,  253. 
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H 
HC  =  C 

1      >o     = HC  =  C 
Tetraphenol. 

H 
COOH 
1 

HC  =  C 

EC  =  C 
Pp'omucic  acid, 

H 
COOH 
1 

1 

HC  =  C 

1      >o    = 
HC  =  C' 

Dehydromucic  ( 

COOH 

If  we  now,  employing  Baeyer's  fonnula  for  pyrrol,  write  tlie  three 
ethyl  derivatives,  on  the  view  stated  above,  the  relation  between  theni 
and  the  tetraphenol  derivatives  is  at  once  apparent : 

H 
HC  =  C 

I         -^T^  (CHs)  =  Ethyl-pyrrol. HC  =  C 
H 
COIs^H  (C0H5) 
I 

HC-C 

^IS"  (C0H5)  =  Diethyl-carbo-pyiTol-amide. HC  =  C 
H 
CONH  (C2H5) 

HC  =  C 

^jS"  (C2H5)  =  Triethyl-carbo-pyrrol-amide. 
HC  =  C 

CONHCC^Hs) 

We  have  now  got  the  clue  to  the  mechanism  of  the  reactions  by 
which  these  bodies  are  obtained  from  mucic  acid.  Crum-Brown  and 
Limpricht  have  both  obtained  from  mucic  acid  bodies  whose  formation 
can  only  be  accounted  for  on  the  hypothesis  that  it  (mucic  acid)  is  a 
derivative  of  normal  adipic  acid,  the  oxidation  product  of  normal 

}iexane,  Ce  Hu.     It  must  then  have  the  constitution — 
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HOOC  -C-C-C-C-  COOH 

four  of  the  carbon  affinities,  represented  as  unsaturated  in  the  diagram, 
being  satisfied  by  hydrogen,  the  remaining  four  by  hydroxyl  (OH) 
groups.  Of  the  exact  arrangement  of  these  hydroxyl  groups  we  know 
nothing,  but  since  saccharic  acid  is  with  still  greater  certainty  a  deri- 

vative of  normal  hexane,  it  is  probably  their  position  which  determines 
the  isomerism  of  the  two  acids,  and  consequently  of  galactose  and 
glucose. 

To  explain  the  genesis  of  tetraphenol  and  pyrrol  we  need  for 
the  present  only  consider  the  OH  groups  connected  with  the  carbon 
atoms  which  lie  next  the  carboxyl  groups.  These  may  be  supposed  to 
enter  into  reaction  as  follows  : — 

Tetraphenol  fragment. 

=  C  (OH) 

=  C  (OH) 

=  C 

>0  +  HoO 

=  c 

Ethyl-pyrrol  fragment. 

(1) 

=  C  (OH) 

=  C  (OH) 

1 

^    ̂ K.iCS,)    =        >N  (C3H5)  +  2  HoO 

=  C 

(2) 

If  in  reaction  (1)  one  COOH  group  persists,  we  get  pyromucic 
acid ;  if  both  remain,  dehydromucic  acid  is  the  result.  Similarly,  if 
in  reaction  (2)  one  COOH  group  persists,  becoming  amidated 

(COJSIIC2H5),  we  get  diethyl-carbo-pyrrol-amide ;  if  both,  we  get 
the  triethyl-dicarbo-pyrrol-amide. 

A  little  consideration  will  show  how  the  remaining  hydroxyl 
groups  could  be  eliminated  from  mucic  acid,  whatever  their  arrange- 

ment may  be. 
It  should  be  observed  that  Fittig  doubts  the  connexion  of  mucic 

acid  with  normal  adipic  acid.  But  even  if  it  should  be  shown  that 
one  or  both  of  the  COOH  groups  exist  as  lateral  and  not  as  terminal 
chains,  the  above  explanation  will  remain,  in  principle,  unaltered. 

This  would  also  be  the  case  if  it  should  be  found  that  mucic  acid 

is  a  derivative  of  the  group — 
I       I 

-  C  -  C  -     and  pyrrol  of  the  form 

-C-C- 
I        I 

which  is  by  no  means  impossible. 
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IV. — Oif  Glaciation  by  Sea  Ice.     Bv  Edward  L.  Moss,  M.  D.  R  N 

late  Surgeon  H.M"S.  ''  Alert." 
[Read,  January  22,  1877.] 

The  existence  of  a  glacier  implies  the  co-existence  of  so  many  related 
phenomena,  that  the  integrity  of  the  eridence  adduced  in  proof  of  it 
becomes  of  proportionate  importance. 

Rounding  and  furrowing  of  rock  surfaces  are  amongst  the  most 
familiar  and  characteiistic  records  left  by  the  flow  of  a  glacier,  and 
much  attention  has  naturally  been  directed  to  the  possibility  of  simi- 

lar markings  being  produced  by  other  causes. 
Apart  from  the  planing  and  striating  resulting  from  agencies 

unconnected  with  ice  action,  and  narrowing  the  subject  to  the  effects 
of  ice  alone,  it  has  been  very  generally  admitted  that  either  icebergs, 
sea  ice,  or  river  ice  are,  under  favourable  circumstances,  capable  of 

rounding  off  rocks  into  the  "  roches  moutonnes."  On  the  other  hand, 
much  has  been  written  both  to  prove  and  to  disprove  the  production 
of  glacial  scratehings  by  such  agencies. 

So  long  ago  as  1847,  Forchhammer,  writing  of  the  scratched  and 
polished  rock  surfaces  in  Denmark,  pointed  oat  that  sea  ice  occasion- 

ally forced  on  shore  by  strong  gales  carried  boulders  and  dehris  with 
it,  and  could  hardly  fail  to  striate  the  rocks  over  which  it  passed. 
Since  that  time  Sir  Charles  Lyell  has  referred  certain  markings  found 
by  him  in  the  Bay  of  Fundy  to  such  action,  and  Dr.  Robert  Brown, 
and  Mr.  Campbell  have  dwelt  on  the  probability  of  its  occurrence. 

The  shore  of  the  Polar  Sea  in  north  latitude  82-27,  where  H.  M.  S. 
Alert  passed  the  winter  of  1875-76,  is  everywhere  lined  with  a  barrier 
reef  of  ice  masses  broken  off  from  the  floes  and  grounded  along  the 
beach  in  from  five  to  fifteen  or  more  fathoms  of  water.  The  ice  thus 
grounded  slowly  wastes  summer  after  summer  from  cubical  into  con- 

ical and  "mushroom"  shapes,  and  as  it  wastes  it  gets  forced  fui'ther 
and  further  towards  the  ice  foot  by  the  incalculably  great  pressui-e 
of  the  Polar  pack.  It  occasionally  happens  that  such  masses,  during 
the  rough  handling  they  are  subjected  to  every  year  in  the  brief  dis- 

ruption of  summer,  or  during  the  five  months  in  which  the  floating- 
floes  retain  some  motion,  get  overturned  and  thus  expose  the  under 
surfaces  which  had  lain  in  contact  "with  the  bottom. 

Specimens  of  two  such  surfaces  existed  in  the  immediate  neigh- 
bourhood of  H.  M.  S.  Alert  as  she  lay  frozen  in  her  winter  quarters. 

One  of  them  formed  the  side  of  an  ice  cave  under  a  large  floeber«- 
half  a  mile  astern  of  the  ship.  The  ice  of  the  sm-face  which  had 
rested  against  the  bottom  was  easily  distinguished  from  the  clear  blue 
ice  round  it  by  the  dark  colour  caused  by  the  mud  and  fine  sand 
it  contained,  and  every  part  of  it  was  chiselled  into  deep  and  well- 
marked  parallel  grooves  and  ridges,  such  as,  had  they  existed  in  rock 



Moss — On  Glaciation  caused  by  Sea  Ice.  51 

instead  of  ice,  would  ha^-e  been  considered  an  excellent  example  of 
glacier  scoring. 

An  equally  well-grooved  ice  mass  lay  frozen  into  the  new  floe  about 

seventy  yards  from  our  ship's  bows  and  close  to  the  ice-foot.  In  this 
instance  the  grounded  floeberg  had  been  all  but  completely  overturned. 
Three-fourths  of  the  surface  exposed  above  the  floe  was  of  clear  blue- 
green  ice,  worn  into  the  blunt  mammillary  elevations  usual  on  the  under 
side  of  old  floating  ice.  The  remaining  fourth,  a  space  of  twenty  feet 
wide  by  six  deep,  was,  as  in  the  former  case,  black  with  mud,  present- 

ing indeed  a  surface  not  unlike  black  marble,  and  was  in  every  part 

■covered  by  thi'ee  sets  of  well-polished  parallel  grooves — some  of  them 
as  much  as  fourteen  inches  from  ridge  to  ridge. 

Two  sets  of  the  grooves  were  almost  in  the  same  direction,  and 
passed  uninterruptedly  across  the  whole  width  of  the  ice.  The  third 

existed  at  one  end  only,  and  crossed  both  the  others  at  an  angle  of  20°. 
I  have  no  theory  to  offer  as  to  the  source  from  which  the  grooving 
motion  was  derived :  it  was  evidently  continuous  ;  nothing  else  could 
produce  such  regular  grooving  twenty  feet  long. 

If  the  scratching  and  furrowing  had  been  confined  to  the  ice  alone, 
no  proof  of  actual  abrasion  would  have  been  forthcoming;  and  I  would 
have  been  obliged  to  refer  you  for  illustration  to  an  excellent  photograph 
taken  for  the  purpose  by  Mr.  White,  an  ofiicer  of  H.  M.  S.  Alert,  but 
which  I  have  been  unable  to  obtain  in  time  for  exhibition  here,  from 
the  London  Stereoscopic  Company,  in  whose  hands  the  negative  was 
placed  by  the  Admiralty. 

The  scratchings,  however,  were  not  confined  to  the  ice  alone,  but 
passed  continuously  across  the  surfaces  of  a  number  of  stones  firmly 
imbedded  in  the  ice  and  projecting  from  it  in  proportion  to  their  hard- 

ness. These  were  chipped  out,  and  I  have  now  the  pleasure  of  exhibit- 
ing them.  You  will  observe  that  several  of  them  show  grooves  and 

scratches,  Avhich,  if  their  true  source  had  not  been  known,  would  have 
been  considered  the  unmistakable  handiwork  of  a  glacier. 

In  order  to  avoid  any  doubt  as  to  the  pelagic  character  of  the  ice, 
its  chlorine  was  estimated,  and  its  least  salt  part  was  found  to  contain 

O-lOl  per  cent. — a  quantity  altogether  beyond  the  limits  of  land  ice, 
and  close  to  the  average  of  the  Polar  floes  around  it. 

e2 



52  Proceedings  of  the  Royal  Irish  Academy. 

V. — Eepoets  from  the  Chemical  Labokatoky  of  Trinity  College,. 
Dublin.  By  J.  Ejiekson  Reynolds,  M.  D.,  Prof essor  of  Chemistry,. 
University  of  Dublin. 

IS'o.  2. — On  the   Composition   of  Lievhite,  as  dexeemined  by  Me.. Eakly's  method. 

[Eead,  January  22,  1877. J 

Op  the  several  methods  which  have  been  devised  for  the  analysis  of 
ferroso-ferric  silicates,  that  which  has  been  published  by  Mr.  WilKam 
Early,  ̂   Demonstrator  of  Chemistry  in  this  laboratory,  is  probably  the 
most  easily  managed.  The  advantages  attending  its  use  are  chiefly 
felt  in  analyzing  silicates,  which  are  either  insoluble  in,  or  attacked 
with  difficulty  by,  the  ordinary  acids ;  but  it  can  also  be  used  with 
great  convenience  in  the  analysis  of  silicate  easily  acted  upon  by 
acids. 

Lie\T.ite  is  a  silicate  belonging  to  the  latter  class  ;  and  as  the 
formula  of  the  mineral  is  by  no  means  definitely  fixed,  I  requested 
Mr.  Early  to  analyze  by  his  method  a  portion  of  a  particularly  fine 
crystal  which  I  obtained  some  time  ago  from  the  well-known  Elba 
locality,  our  chief  aim  being  to  determine  with  precision  the  relative 
amounts  to  ferrous  and  ferric  compounds  present  in  the  specimen. 

The  analysis  was  conducted  in  the  following  manner  : — 
1-54  grm.  of  the  finely  and  recently  powdered  mineral  was 

mixed  with  20  cubic  centims.  of  hydrofluoric  acid  (containing  20  per 
cent,  of  real  acid) ;  and  the  mixture  was  boiled  for  five  minutes  in  a 
deep  platinum  crucible  with  a  rather  loosely  fitting  cover.  10  cubic 
centims.,  of  diluted  sulphuric  acid  (1  part  to  2  of  water)  were  then 
added, 'Sncl  the  boiling  continued  for  a  few  minutes.  The  contents  of 
the  crucible  were  then  washed  into  a  flask  with  air-free  water,  and 
the  amount  of  iron  in  the  ferrous  condition  determined  as  rapidly  as 
possibly  by  standarclpotassic  permanganate  solution.  Another  quan- 

tity;.  of  the  mineral  was  acted  upon  by  strong  hydrochloric  acid; 
perfect  decompositioij.  was  effected,  and  a  gelatinous  mass  formed;  the 
product  was  evaporated  to  dryness,  and  the  silica  separated  in  the 
usual  way.  The  acid  filtrate  from  the  insoluble  silica  was  then 
saturated  with  chlorine  gas,  and  ammonia  afterwards  added  in 
slight  excess ;  the  mixture  produced  was  then  boiled  in  a  closely 
covered  beaker  in  order  to  remove  the  excess  of  ammonia,  the  solu- 

tion rapidly  filtered,  and  the  precipitate  collected  and  ignited  with 
the  usual  precautions  and  weighed.  The  product  contained  all  the 
iron  as  ferric  oxide,  the  alumina,  the  manganese  as  Mus  O4,  and  a 
trace  of  silica.  The  silica  was  separated  from  this  mixture  by 
hydrochloric   acid ;    and  the   filtrate   was   subjected   to   the    double 

1  "  Chemical  News"  for  October  9th,  1874. 
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treatment  with  pure  caustic  soda  for  the  separation  of  alumina.  The 
iron  and  manganese  were  then  separated  by  the  baric-carbonate  method. 
From  the  weight  of  iron  thus  found,  that  previously  ascertained  to  be 
present  in  the  ferrous  state  was  deducted  ;  the  difference  represented 
the  weight  of  metal  in  the  ferric  condition.  The  filtrate  from  the  first 
precipitate  caused  by  ammonia  had  the  calcium  separated  from  it  as 
oxalate,  and  the  latter  was  determined  in  the  usual  way.  The  filtrate 
from  the  calcium  precipitate  was  then  evaporated  to  dryness,  and  the 
residue  heated  to  expel  ammoniacal  salts  ;  the  product  of  this  treat- 

ment was  dissolved  with  the  aid  of  a  few  di'ops  of  hydrochloric  acid, 
the  magnesium  separated  by  means  of  baric  hydrate  and  estimated, 
while  the  alkalies  in  the  filtrate  were  converted  into  chlorides  and 

weighed,  and  the  potassium  separated  by  platinic  chloride.  No  trace 
of  lithium  was  detected  in  the  mineral. 

2 '841  grms.  of  the  freshly  powdered  and  unaltered  mineral  were 
heated  gradually  to  redness  in  a  hard  glass  tube  connected  with  a 
weighed  chloride-of-calcium  tube;  a  ciuTent  of  dry  air  was  at  the  same 
time  slowly  drawn  through  the  apparatus.  The  water  collected 

weighed  -012  grm.  ='422  per  cent.  only. 
The  percentage  composition  of  the  specimen  analyzed  by  Mr.  Early 

may  be  thus  stated,  when  the  metallic  and  other  components  are  calcu- 
lated as  oxides  : — 

SiO,    29-93 
PeO    31-83 
FejOg    20-16 
MnO           3-02 
CaO    13-71 

MgO           0-30 
AljOs    0-36 
K2O    0-20 
Na-,0    0-29 
HoO            0-42 

100-22 
These  data,  when  discussed  in  the  usual  way,  give  the  following 

ratios : — 

SiOo   =0-4983  =  3-85  =  4-00, 
RO   =0-7431  =  5-74=5-96, 
R.O3        .      .      .      .=0-1294=1-00  =  1-04; or 

R2O3,  6  RO,  4  SiOo, 

where    6  RO  =  4  (Fe,   Mn)0  +  2  CaO   nearly,    neglecting  the   small 
amount  of  alkalies. 

As  the  water  present  in  the  particularly  pure  specimen  of  the 
mineral  analyzed  did  not  reach  0-5  per  cent.,  it  is  difficult  to  admit, 
with  Stadeler,  that  it  enters  into  the  molecule  of  the  compound ;  I 
therefore  prefer  to  regard  Lievrite  as  an  anhydrous  silicate. 



54  Proceedings  of  the  Roi/al  Irish  Acadeno/. 

lilr.  Early's  analysis  of  the  mineral  agrees  in  all  essential  paiiicu- 
lars  witt  those  of  Kammelsberg  and  von  Kobell,  though  both  those 
distinguished  observers  found  slightly  more  iron  in  the  ferric  con- 

dition. A  comparison  of  the  analyses  of  different  specimens  of  Liev- 
rite  by  Rammelsberg,  von  Xobell,  Stiideler,*  and  Early  prove  that 
there  is  Kttle  variation  in  the  proportion  of  EeT,"  to  Ee";  I  am  there- 

fore disposed  to  regard  the  foimer  as  an  essential  constituent  of  the 
mineral,  rather  than  as  a  product  of  the  oxidation  of  a  calcio-feiTons 
silicate.  That  the  mineral  oxidizes  in  time  there  can  be  no  doubt ; 
but  I  have  had  a  number  of  specimens  of  Lievrite  under  observation 

for  nearly  ten  yeai's,  and  though  t"^o  of  them  "svere  placed  in  a  rather- 
damp  case,  they  suffered  comparatively  slight  superficial  oxidation. 

If,  then,  -^-e  admit  that  Lievrite  is  essentially  a  diealcic-ferroso- 
ferric  silicate,  we  can  assign  to  it  the  following  symmetrical  formula  : — 

(EeYO)^ 

0     ̂ 

This  formula  has  at  least  the  merit  of  indicatiag  that  the  function, 
of  the  ferric  group  is  probably  one  of  considerable  importance,  and 
that,  so  far  from  being  regarded  as  an  accidental  constituent  of  the 

mineral,  it  ought  to"  be  considered  one  of  the  most  important  com- 
ponents of  the  molecule  of  the  compound. 

-  See  Dana's  "  System  of  Mineralogy,"  5th  edition,  p.  296. 



Hennessy — On  the  MoJecular  Influcucc  of  Fhiids.  55 

YI.— On  Expeei:\iei7ts  to  Determine  the  Intltjekce  op  the  Molectjlae 
Condition  of  Flitids  on  thelr  Motion  when  in  Rotation,  and  in 
Contact  with  Solids.  Eeport,  Part  I.  By  Henry  Hennessy, 
P.  R.  S.,  M.  R.  I.  A.,  Professor  of  Applied  Mathematics  in  the 
Royal  College  of  Science  for  Ireland. 

[Eead,  February  12,  1877.] 

Observation  and  experiment  have  long  since  completely  established 
that  no  fluid  can  be  considered  as  strictly  exhibiting  the  physical  pro- 

perties of  the  ideal  substance  commonly  defined  in  almost  all  treatises 
and  class-books  on  hydro-mechanics  as  a  perfect  fluid. 

In  a  perfect  fluid,  the  particles  are  supposed  to  be  free  to  move 
among  each  other  by  the  smallest  application  of  force — in  other 
words,  they  are  supposed  to  be  absolutely  smooth,  and  totally  des- 

titute of  cohesion.  AVith  such  qualities,  their  motions  would  be 
free  from  friction  amongst  themselves,  and  almost  free  from  friction 
when  in  contact  with  many  solid  substances.  The  practical  experience 
of  hydraulic  engineers  has  long  since  clearly  shown,  that  the  flow  of 
liquids  is  accompanied  with  very  notable  resistances,  which  observers 
attributed  to  the  friction  of  the  liquids  against  the  surfaces  of  the 
vessels  and  pipes  in  which  they  were  moving.  More  recently,  mathe- 

maticians and  physical  inquirers  have  been  led  to  recognise  a  kind  of 
resistance  to  the  motion  of  fluids  depending  entirely  on  the  molecular 
properties  of  the  fluids  themselves,  and  to  this  kind  of  resistance  the 
name  internal  friction  has  been  generally  applied.  If  this  term  is  to 
continue  in  use,  it  appears  to  me  that  care  should  be  taken  to  clearly 
discriminate  between  this  kind  of  resistance  to  motion  and  that  of 

friction,  as  it  is  commonly  understood  between  solid  bodies.  If  two 
perfectly  smooth  surfaces  of  solids  of  the  same  fonn  and  molecular  char- 

acter are  in  close  contact^  as,  for  instance,  two  sheets  of  glass,  such 
great  resistance  to  the  motion  of  one  upon  the  other  exists,  that 
portions  of  them  are  liable  to  shear  away.  The  resistance  to  motion 
in  this  case  is  almost  entirely  due  to  cohesion.  If  two  dissimilarly 
constituted  substances  be  moved  in  coiitact,  experience  shows  that 
when  they  are  very  smooth  the  motion  meets  with  little  resistance,  but 
when  they  are  rough,  the  resistance  may  be  very  considerable.  In 
the  latter  case  work  must  be  expended  in  causing  the  asperities  of  one 
surface  to  surmount  or  nib  away  the  asperities  of  the  other,  and 
hence,  in  some  languages,  friction  is  spoken  of  as  synonymous  with 
attrition.  We  possess  no  evidence  for  assuming  that  such  conditions 
exist  between  the  particles  of  a  fluid  as  to  justify  us  in  classifying  the 
internal  resistance  to  its  motion  as  identical  with  this  kind  of  force. 

If  we  reflect  on  the  phenomena  of  the  molecular  statics  of  liquids  pre- 
sented in  the  well-known  phenomena  of  capillary  attraction,  and  in 

the  admirable  researches  of  Plateau  on  masses  of  liquid  free  from  the 
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action  of  gravity,  we  must  conclude  that,  although  the  intermobility  of 
the  molecules  is  the  fundamental  property  of  all  liquids,  this  property 

is  accompanied  by  a  considerable  amount  of  cohesion.  "When  liquids possess  cohesion  in  a  high  degree,  they  are  said  to  be  viscid.  As  far 
as  my  observations  have  gone,  I  have  been  led  to  conclude  that  the 
resistance  to  liquid  motion,  designated  as  internal  friction,  arises 
almost  entirely  from  cohesion  of  their  particles,  and  that  it  might  be 
more  simply  and  more  correctly  called  viscidity} 

The  paramount  influence  exercised  by  the  motions  of  fluids  in 
many  of  the  most  remarkable  phenomena  of  nature  has  long  since  in- 

duced observers  to  undertake  experimental  researches  with  reference 

to  the  resistances  of  fluids.  Coulomb"  was  the  first  who  made  syste- 
matic experiments  with  a  view  to  elucidate  the  influence  of  cohesion 

on  the  resistance  of  fluids.  His  researches  appear  to  me  to  have  been 
chiefly  directed  to  the  examination  of  the  resistances  experienced 
between  the  surface  of  a  moving  solid  and  a  fluid  in  contact.  Similar 

experiments  have  been  more  recently  performed  by  Meyer.^  Helm- 
holtz*  and  Pietrowzki  have  carried  on  experiments  with  a  notably modified  method. 

In  the  two  first  of  these  inquiries  the  experiments  were  conducted 
by  causing  a  solid  horizontal  circular  disk  immersed  in  the  fluid  to 
undergo  periodical  oscillations  around  a  vertical  axis.  In  the  third,  the 
fluid  was  included  in  a  solid  globe,  which  was  subjected  to  periodic 
oscillations.  In  order  to  deduce  from  the  facts  of  observation  in  these 

cases  any  results  as  to  the  external  or  internal  resistance  of  the  fluids, 
elaborate  mathematical  theories  are  indispensable.  In  the  latter  case 
especially,  the  oscillations  of  the  hollow  globe  produce  waves  whose 
motions  complicate  the  phenomena  so  as  to  require  complex  formulae 
for  their  expression. 

Among  the  phenomena  in  which  the  internal  resistance  of  fluids 
may  be  important,  those  where  liquids  are  in  rotation  about  an  axis 
seem  to  be  more  simple  than  where  they  are  undergoing  large  oscilla- 

tions, and  it  thus  occurred  to  me  that  an  experimental  study  of  such 
a  motion  of  fluids  might  prove  fruitful  in  results.  From  the  nature  of 
fluids  it  seems  likely,  whatever  precautions  we  may  take,  that  even 
the  most  simple  kinds  of  motion  of  their  particles  cannot  take  place 
with  great  rapidity  without  tlie  production  for  a  time  of  some  kind  of 
oscillation.     But  the  results  will  probably  be  less  complicated  than 

^  The  floatation  of  small  solids  of  greater  density  than  the  liquids  on  the  fluid 
surface  shows  that  the  cohesion  of  the  particles  of  liquid  among  themselves  may  be 
sometimes  accompanied  by  repulsion  for  solids.  I  have  already  brought  imder  the 
notice  of  the  Academy  some  remarkable  phenomena  of  this  kind,  in  which  the  co- 

hesion of  the  liquid  particles  for  each  other  was  clearly  illustrated,  as  well  as  their 

repulsion  for  the  small  solid  bodies. — "  Proceedings  of  the  Royal  Irish  Academy," 
vol.  i.,  series  ii.,  p.  153. 

-  "  Memoires  de  I'lnstitut  National,"  torn.  iii. 

3  Poggendorfs  "  Annalen,"  vol.  cxiii.,  p.  55. 
*  "  iSitzungsberichte  der  kais.  Academic  zu  Wicn,"  vol.  xl. 
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"when  such,  oscillations  arc  purposely  produced,  as  "was  done  in  some  of 
the  experiments  to  which  reference  has  been  made. 

The  researches  on  the  motions  of  liquids  which  I  have  com- 
menced are  intended  to  elucidate  the  phenomenon  of  fluids  in  rotation, 

under  varying  conditions.  I  was  led  to  study  the  matter,  chiefly  from 
its  bearing  upon  a  question  regarding  the  structure  of  our  earth  and 
the  other  bodies  of  our  planetary  system.  Among  astronomers  and 
mathematicians  the  figure  of  the  earth  had  been  long  required  as  a 
standing  proof  that  it  was  originally  in  a  fluid  state.  The  arguments 

of  Playfaii"  and  Sir  John  Herschel  to  account  for  this  figure  by  the 
abrasion  of  a  soKd  globe  under  the  action  of  denuding  forces  have 

been  long  since  shown  by  me,  in  a  communication  to  this  Academy,^  to 
lead  to  results  entii'ely  inconsistent  Avith  observation.  The  results  of 
my  calculations  on  this  point  have  been  subsequently  confirmed  by 
•other  mathematicians,  and  the  question  seems  therefore  to  be  finally 
at  rest.  But  although  the  primitive  fluidity  of  our  planet  seems  now 
to  be  universally  admitted,  doubts  have  been  put  forward  as  to 
whether  any  great  portion  of  its  interior  is  yet  in  a  fluid  state.  As 
this  is  obviously  a  question  of  the  highest  importance  in  geological 
theory,  and  in  any  attempts  at  accounting  for  the  phenomenon  of 
earthquakes  and  volcanos,  its  solution  has  long  been  under  discus- 

sion. The  idea  occurred  to  the  late  Mr.  Hopkins,  of  Cambridge,  that 

if  the  greater  part  of  the  earth's  interior  were  fluid,  the  resulting 
motions  of  the  earth's  axis  known  to  astronomers  as  precession  and 
nutation  might  be  diiferent  from  what  would  take  place  in  a  perfectly 
solid  spheroid.  He  investigated  the  problem  mathematically,  with  the 
aid  of  the  usual  equations  of  hydro-dynamics  and  the  equations  of 
rotation.  His  conclusions  were  that  the  earth  was  chiefly,  or  almost 
wholly,  solid.  His  formulae  were  deduced  upon  the  supposition  that 
no  friction,  or  resistance,  existed  between  the  solid  and  fluid  parts  of 
the  earth,  and  that  no  internal  friction  existed  in  the  fluid.  In  the 

words  of  Archdeacon  Pratt,  "The  success  of  the  calculation  depends 
upon  a  remarkable  result  at  which  he  has  arrived,  that  the  precession 
caused  by  the  disturbing  forces  in  a  homogeneous  shell,  filled  with 
homogeneous  fluid,  in  which  the  ellipticities  of  the  inner  and  outer 
surfaces  are  the  same,  is  the  same,  whatever  the  thickness  of  the 

shell.  It  is,  therefore,  the  same  for  a  spheroid  solid  to  the  centre."  I 
am  now  enabled  to  say,  that  if  Mr.  Hopkins'  hypothesis  of  a  fluid 
with  particles  entirely  destitute  of  resistance  to  their  own  motions, 
and  without  friction  against  its  solid  envelope,  be  adopted,  the  result 
alluded  to  by  Pratt  can  be  obtained  by  a  very  simple  analysis.  I  hope 
soon  to  be  able  to  submit  such  a  proof  in  another  paper.  The  result  is 
one  of  some  importance,  for,  combined  with  another  to  which  I  had 
been  led,  it  shows  that  the  earth  cannot  be  entirely  solid,  and  that  it 
is,  for  the  most  part,  a  mass  of  fluid  contained  within  a  shell  of  undc- 

'  Proceedings  of  tlie  Royal  Irish  Academy,"  vol.  iv.,  seiics  i.,  p. 
333. 
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termined  thickness.  At  the  same  time,  it  follows  that  this  fluid  must 
have  properties  entirely  diiierent  from  the  ideal  fluid  assumed  in 

Mr.  Hopkins'  inquiries.  I  was  led  to  affirm,  that  the  fluid  matter  of 
the  inteiior  of  the  earth  possessed  such  an  amount  of  viscidity  as  to 
cause  it  to  rotate  together  with  its  solid  envelope,  as  if  they  consti- 

tuted one  continuous  mass. 

Several  years  afterwards,  by  a  veiy  simple  process  of  reasoning 

fi'om  physical  and  mechanical  principles,  M.  Delaunay  was  led  to 
announce  precisely  the  same  conclusions  with  reference  to  the  motions 
of  the  solid  and  fluid  parts  of  the  earth.  So  remarkable  a  confijmation 
of  my  views  created  much  discussion,  and  some  of  those  who  had 
adopted  the  conclusions  of  Mr.  Hopkins  seemed  to  call  in  question  the 
physical  properties  of  fluids  alluded  to  by  M.  Delaunay  and  myself. 
The  properties  in  question  are  the  outward  resistances  of  fluids  to 
solids  in  contact  with  them,  and  the  internal  resistances  among  the 
fluid  particles,  when  both  the  fliiids  and  solids  are  rotating.  It  is 
scarcely  necessary  to  say,  that  the  phenomena  of  fluids  in  rotation 
are  connected  with  other  physical  questions,  and  they  have  a  most 
important  connexion  with  questions  of  the  practical  application  of 
hydro-mechanics.  Hence  I  may  be  pennitted  to  hope  that  the  inquiry 
I  have  commenced  may  be  attended  with  some  useful  result. 

The  first  experiments  I  tried  were  similar  to  those  quoted  by 
M.  Delaunay,  and  made,  under  his  direction,  by  M.  Champagneur. 

I  obtained  a  small  glass  globe,  which  could  be  more  or  less  filled 
with  liquid  by  a  small  opening.  A  strong  silk  cord  was  looped  round 
the  region  of  its  equator,  and  to  the  opposite  sides  of  this  cord  a  pair 
of  silk  threads  were  attached,  which  were  fastened  to  a  support  close 
to  the  ceiling  of  a  lofty  room.  A  steady  and  rapid  rotation  was  com- 

municated to  the  globe  by  the  torsion  of  the  threads.  I  half  filled  the 
globe  with  common  water,  and  placed  a  number  of  small  pieces  of 
paper  of  the  same  size  on  its  surface  at  different  distances.  Whenever 
the  globe  was  set  in  rapid  rotation,  the  pieces  of  paper  were  at  first 

left  behind,  and  therefore  the  water  ;  but  when  the  rotation  was  long- 
continued,  the  papers  appeared  to  move  at  the  same  rate.  If  the 
rotation  was  slow  from  the  commencement,  the  papers  seemed  to 

moA-e  with  precisely  the  same  angular  velocity  as  the  glass  globe. 
With  moderate  velocities,  if  a  piece  of  paper  was  placed  in  the  centre 
of  the  flat  surface-hemisphere  of  water,  it  required  some  time  to 
partake  of  the  motion  of  the  vessel,  but  if  placed  near  the  glass  it 
immediately  moved. 

However  instructive  these  experiments  were,  they  could  only  be 
regarded  as  preliminary  inquiries,  suggestive  of  ideas  to  be  tested  by 
more  precise  methods. 

I  accordingly,  with  the  assistance  of  the  well-known  mechanician 
and  instrument-maker,  Mr.  Spencer,  dc'\"isecl  an  apparatus  which  might 
be  employed  in  the  study  of  phenomena  accompanying  very  slow  rota- 

tion of  fluids  or  rapid  rates  of  motion.  I  was  particularly  desirous  of 
being  able  to  observe  the  effects  of  the  internal  viscidity  of  liquids  by 
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■which  the  motions  of  siiccessive  strata  of  the  same  liquid  influenco 
the  adjoining  strata.  On  this  account  I  have  not  employed  the 
arrangement  used  by  Coulomb,  and  subsequently  applied  by  Meyer, 
as  the  direct  results  Trhich  that  arrangement  gives  refer  more  imme- 

diately to  the  resistance  of  a  solid  surface  moving  against  the  liquid. 
E-esults  as  to  the  internal  viscidity  have  subsequently  been  deduced 
indirectly  from  the  observations  thus  made. 

As  the  object  of  these  experiments  has  been  to  study  the  pheno- 
mena accompanying  the  rotation  of  liquids,  a  steady  rotating  motion 

was  indispensable.  For  this  purpose  I  had  a  clock  specially  con- 
structed, which  worked  by  a  gearing  of  toothed  wheels,  so  as  to  move 

a  vertical  axle  carrying  on  it  a  very  strong  wooden  disk,  to  which 
another  exactly  similar  could  be  fastened  by  screws.  On  the  latter 
was  fixed  a  broad  socket  of  hard  wood,  with  a  large  hollow  screw  cut 
deeply  within  it.  The  vessels  employed  were  glass,  and  each  carried 
at  bottom  a  broad  solid  screw  of  hard  wood  firmly  attached  by  cement. 
In  this  way  the  most  complete  union  between  the  vessel  containing 
the  liquid  and  the  rotating  support  was  obtained.  The  clock  was 
driven  by  two  powerful  springs,  and  was  regulated  by  a  pendulum 
when  slow  motions  were  required.  A  fan  with  movable  pallets  was 
em^^loyed  as  a  regulator  for  rapid  motions.  The  whole  was  supported 
by  and  firmly  bolted  to  a  low  flat  table  of  wood.  The  circular  diska 
are  furnished  with  a  slotted  arm  and  clamping  screw  which  permits 
the  axis  of  the  vessel  containing  liquid  to  be  inclined  at  an  angle  to 
the  axis  of  rotation.  The  vessel  which  was  principally  employed  is^ 
of  glass  ;  it  has  a  bell-shaped  bottom  and  cylindrical  sides.  Around 
the  cylinder  a  slip  of  paper,  divided  into  360  equal  parts,  was  rolled 
in  such  a  way  as  to  be  in  the  plane  of  the  circle  forming  the  cross  sec- 

tion, or  in  a  plane  j)arallel  to  the  surface  of  the  liquid  when  at  rest. 
In  order  to  observe  the  relative  motions  of  the  liquid  and  the  contain- 

ing vessel,  a  strong  rectangular  frame  was  fixed  to  firm  supports^ 
placed  outside  the  table  already  mentioned,  but  not  touching  it.  The 
cross  piece  had  a  slot  which  permitted  a  small  brass  crotchet  to  be 
screwed  down  vertically,  after  being  shifted  until  it  was  placed  over 
the  centre  of  the  vessel.  In  this  crotchet  is  a  small  slit  which  could 

be  closed  by  a  screw.  From  the  crotchet  an  indicator  was  siispended 
by  a  fibre  of  unspun  silk,  such  as  is  usually  employed  in  galvano- 

meters. The  indicator  consists  of  two  fine  slips  of  light  wood  (deal), 
fastened  with  strong  thread  at  the  ends  and  half  way  from  the  axis. 
At  the  axis  a  piece  of  very  fine  platinum  wire  was  looped,  and  termi- 

nated in  a  small  hook,  to  which  the  suspending  fibre  of  silk  was 
attached. 

The  slips  of  deal  were  gi-aduated  in  centimetres,  from  the  centre 
of  suspension  outwardly. 

Between  the  two  slips  of  deal  two  equal  and  rectangular  thin 
laminas  of  mica  were  inserted ;  these  laminas  were  always  placed  at 
equal  distances  from  the  point  of  attachment  of  the  suspending  fibre 
by  the  aid  of  the  graduation  above  mentioned.      Before  making  tlie 
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•experiments,  the  indicator  and  its'mica  plates  were  always  perfectly balanced. 

Up  to  the  present,  water  has  been  the  liquid  exclusively  employed. 
I  hare  sometimes  used  the  common  water  supplied  from  the  water- 

works, but  recently,  distilled  water.  In  making  the  experiments, 
great  care  was  necessary  in  the  introduction  of  the  mica  plates  into 
the  water.  If  water  was  a  perfect  fluid,  the  introduction  of  such 
slender  disks  would  be  accompanied  by  no  sensible  resistance,  but  this 
was  so  far  from  being  true,  that  unless  both  plates  were  plunged  into 
the  liquid  at  the  same  time,  and  to  almost  equal  depths,  the  equili- 

brium of  the  indicator  became  totally  deranged  by  the  difference  of 
the  resistance  experienced  by  these  disks  plunged  edgeways.  After 
they  had  been  plunged  into  the  liquid,  and  allowed  to  adjust  them- 

selves, it  was  manifest  that  each  disk  exercised  attraction  on  the 
adjacent  liquid,  from  the  concave  meniscus  of  liqiiid  heaped  up  at 
(?ach  side.  But  this  is  precisely  what  is  desired,  for  we  wanted  an 
indicator  moving  as  much  as  possible  with  the  liquid,  and  immediately 
partaking  of  its  changes  of  velocity. 

If  the  air  contained  in  the  vessel  were  absolutely  at  rest  during 
the  rotation,  it  would  resist  in  a  slight  degree  the  motions  of  the 
wooden  cross-bar  and  of  the  pieces  of  the  mica  disks  above  water ;  but 
as  it  is  certain  that  air  is  endowed  with  some  viscidity,  or,  as  some 

prefer  to  call  it,  internal  fi'iction,  it  must  partake  in  some  measure  of 
the  motion  of  the  vessel.  If  it  did  not,  its  tendency  would  manifestly 
be  to  keep  the  indicator  in  its  original  place.  In  this  case  the  moving 
force  acting  on  the  indicator  would  be  that  of  the  strata  of  liquid 
pressing  against  the  mica  disks,  and  the  resistance,  that  of  the  air  in 
which  the  indicator  was  partly  plunged.  Prom  the  weight  and 
dimensions  of  the  wooden  indicating  bar  and  the  mica  disks,  which  I 
have  already  given,  it  is  evident  that  the  moment  of  inertia  of  the 
whole  is  very  small,  and  as  yet  I  have  not  deemed  it  necessary  to  cal- 

culate its  exact  amount.  In  reducing  the  results  of  observation,  in 
order  to  determine  numerical  co-efficients  for  the  friction  of  the  fluids 
against  solids,  or  for  internal  viscidity,  this  moment  must  be  esti- 
mated. 

The  apparatus  for  making  the  experiments  being  adapted  for 
working  with  very  slow  or  rapid  motions,  it  has  occurred  to  me  to 
divide  the  investigation  into  two  parts.  The  first  refers  only  to  the 
phenomena  of  slow  rotation.  By  the  adaptation  of  the  pendulum,  the 
vessel  containing  liquid  has  been  made  to  revolve  at  velocities  of  from 
about  one  turn  in  two  hours  and  a  half  to  one  turn  in  four  hours,  or 
six  turns  in  a  day. 

The  method  of  observation  adopted  was  the  following  :  The  vessel 
was  filled  with  water  to  a  depth  of  twelve  centimetres,  which  enabled 

the  mica  disks  to  plunge  tlu'ee  centimetres  into  the  liquid,  leading  one 
-centimetre  between  the  surface  of  the  liquid  and  the  indicating  bar. 
After  this  had  come  to  perfectly  steady  condition,  the  positions  of  the 
mica  disks  were  sighted  on  the  graduated  circle,  and  when  the  sus- 
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pending  fibre  had  been  properly  centred,  both  disks  were  found  at 

180°  distance.  The  clock  having  been  previously  wound  up,  it  was 
now  set  in  motion.  When  the  rate  was  one  turn  in  four  hours,  it  was 

easy  to  observe  the  positions  of  the  disks  at  short  intervals  as  well  as 
after  stopping  the  clock  at  the  end  of  a  few  hours.  In  this  way  a 
small  angle  of  deviation  of  the  disks  with  reference  to  the  cylinder 
would  be  instantly  detected.  As  the  arrangement  permitted  the 
placing  of  the  disks  at  different  distances  from  the  axis  of  rotation, 
the  position  of  the  centre  of  each  disk  was  accurately  measured  before 

each  experiment.  In  all  the  recent  experiments  with  veiy  slow  rota- 
tion, I  have  employed  distilled  water,  and  the  temperature  of  the  room 

was  maintained  by  hot  water  arrangements  nearly  constantly  at  about 
62°  Fahrenheit. 

ExPEJBESraXTS  WITH  SlOAV  EoTATIOir. 

I  No. 

2  hours. 

51  mins. 

4  hours. 

11  hours. 

4  hours. 

1  hour. 

10  hours. 

1  hour. 

Ihr.  40Tm'n. 
3  hours. 

Distance  of  centi-e  disks 
from  the  axis  of  rotation, 
9  centimetres, 

Disks  at  the  same  dis- tance, 

Disks  at  the  same  distance 
fiom  axis, . . 

Disks    at    6     centimetres 

fi-om  axis  of  suspension, 

Disks    at    4     centimetres 
from  the  axis, 

Disks  at  9  centimetres,    . . 

Disks  at  6  centimetres,    . . 

Disks  at  6  centimetres,    . . 

A. B. 

316" 
316' 

314 

314 

316 
316 

316 
316 

316 316 

348* 349 

349 349 

90 
90 

106 105 

86 
85* 

83 83 

V.  of  E. 

1  turn  in 

4  hoiu's. 

1  turn  in  2  hrs. 
36  min. 

Same  velocity. 

T.  means  duration  of  experiment.    A.  position  of  index  at  the  heginning,  B.  at 
the  end.     V.  of  R.  velocity  of  rotation  of  the  containing  vessel. 

Of  the  experiments  with  rapid  rotations,  the  only  result  which, 
I  think,  may  be  mentioned,  is  one  bearing  upon  those  obtained  from 



■62  Proceedings  of  the  Royal  Irish  Academy. 

slow  rotation.  "When  the  vessel  rotated  once  in  thirty,  or  even  in twenty  seconds,  after  an  interval  of  about  seven  minutes  the  indicator 
moved  with  the  same  angular  velocity  as  the  vessel.  When  the  mica 
plates  had  been  long  immersed  in  the  water,  this  interval  was 
reduced,  showing  that  the  water  took  time  to  completely  adhere  to 
the  mica. 

As  the  radius  of  the  vessel  is  132  millimetres,  the  disks  were 
plunged  in  water  at  42  millimetres  from  the  glass  sides  in  experiments 
1,  2,  3,  4,  5,  and  9.  They  were  at  72  millimetres  in  experiments  6, 
7,  10,  and  11,  while  in  experiment  8  they  were  at  92  centimetres 
from  the  glass.  In  this  way  they  enable  us  to  observe  the  relative 
velocities  of  the  strata  situated  at  very  different  distances.  Yet  in  all 
of  these  observations,  from  the  moment  when  rotation  commenced 
until  its  conclusion,  the  index  continued  to  steadily  point  to  the  gra- 

duated circle.  The  adherence  of  the  water  to  the  mica  disks  was  all 

along  distinctly  manifest.  The  water  also  adhered  to  the  glass  at  the 
sides  of  the  vessel,  and  all  through  the  fluid  the  adjacent  particles 
were  attracted  to  each  other.  With  slow  velocities  of  rotation,  these 
actions  seemed  to  suffer  no  disturbance  :  each  successive  stratum  of 
Avater,  from  the  sides  of  the  vessel  to  the  mica  plates,  revolved  with 
precisely  the  same  angular  velocity,  and  thus  the  vessel  and  its  con- 

tained liquid  rotated  as  one  mass. 
Besides  the  experiments  recorded  in  the  foregoing  Table,  I  have 

made  several  others  with  slow  and  quick  velocities  ;  the  former  all  lead 
to  the  same  result  as  those  recorded,  and  I  reserve  the  discussion  of 
the  latter  for  the  second  part  of  my  Report.  The  observations  I  have 
already  made,  and  those  presented  by  other  inquirers,  clearly  establish 
tliat  natural  fluids  possess  internal  viscidity  to  such  an  extent  as  to 
vitally  influence  conclusions  drawn  from  the  mathematical  treatment 

■of  problems  in  hydi'O-mechanics.  Capillary  phenomena,  where  the 
molecular  action  of  solids  and  liquids  at  small  distances  is  so  strik- 

ingly manifested,  appear  to  have  led  to  the  notion  that,  because  large 
and  uncapillary  vessels  do  not  clearly  manifest  such  actions,  the 
motions  of  liquids  within  them  could  be  considered  as  independent  of 
molecular  action.  But  the  force  of  cohesion,  from  particle  to  par- 

ticle, exists  throughout  the  whole  of  a  mass  of  liquid,  no  matter  how 
great,  and  hence  its  motions  are  governed  by  the  specific  amount 
■of  this  force.  It  is  singular  that  the  idea  of  what  is  called  a  perfect 
iluid  should  be  so  constantly  in  the  minds  of  mathematicians  who 
have  treated  hydro-mechanical  questions,  when  one  of  the  best-known 
■elementary  problems  implicitly  supposes  a  totally  different  fluid  pro- 

perty. A  cylindrical  vessel  containing  liquid  is  set  into  very  rapid 
rotation  :  required  the  shape  of  the  concave  surface  of  the  liquid.  The 
ordinary  equations  of  hydro-dynamics  are  used  for  solving  the  problem, 
but  the  hypothesis  is  made  that  the  angular  velocity  of  each  particle 
of  the  liquid  is  the  same.  This  could  not  be  true  in  a  perfect  liquid. 
The  cylinder  would  tend  to  slip  past  the  particles  close  to  it,  and  if 
these  acquired  any  velocity  from  the  roughness  of  the  cylinder,  the 
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atljacent  internal  strata  would  remain  undisturbed.  When  the  expe- 
riment is  actually  made,  the  observed  and  calculated  form  of  surface 

agree  very  well.  But  this  arises  because  the  whole  fluid  possesses 
internal  viscidity  whereby  each  stratum  has  a  grip  on  that  which,  it 
encloses,  and  it  cannot  rotate  without  pulling  the  other. 

A  mathematician,  to  whom  allusion  has  been  already  made,  is  re- 
ported to  have  declared  that  the  conclusion  I  put  forward,  as  to  the  inte- 

rior fluid  01  the  earth  and  its  containing  solid  shell  rotating  as  one  mass,  is 

"a  mechanical  impossibility."  In  making  this  remark,  he  had  in  view 
the  purely  ideal  substance  called  a  perfect  fluid.  The  experiments  I 

have  ali'eady  made  seem  to  show  that,  for  a  natural  fluid,  the  pheno- 
mena of  its  rotation  are  in  harmony  with  my  conclusions,  and  widely 

different  from  those  of  the  ideal  substance  commonly  defined  as  a  fluid 
in  connexion  with  mathematico-physical  theories.  In  the  course  of 
the  discussion  on  the  precessional  motion  of  the  earth  considered  as  a 
solid  shell  enclosing  a  mass  of  fluid,  it  was  asserted  that  the  slowness 
of  the  precessiona]  motion  had  nothing  to  do  with  the  relative  veloci- 

ties of  the  shell  and  its  contained  liquid.  The  experiments  I  have 
made  show,  on  the  contrary,  that  the  relative  velocities  are  closely 
dependent  upon  the  absolute  velocity  of  the  solid  envelope,  and  when 
this  moves  slowly  the  liquid  is  carried  along  with  it  as  if  the  whole 
were  one  mass. 
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Til. — Ox  Re^ttal  op  MAiftrscEiPTS  ox  Pakchmext.     By  R,  A^tgits- 
Smith,  Ph.  D.,  F.  R.  S. 

[Eead,  February  26,  1877.] 

HAvnsrG  attended  occasionally  to  the  manuscripts  sent  to  ine  hy  Dr. 
Ferguson,  although  I  am  not  able  to  say  that  I  have  finished  my  work,, 
it  may  be  well  to  give  the  results  up  to  this  time.  I  began  with  the- 
fullest  ignorance,  and  tried  methods  long  since  tried ;  and  I  fear  that, 
even  now,  I  am  able  to  speak  only  of  modifications  of  old  plans.  Still, 
as  I  am  not  aware  that  any  one  has  obtained  equally  good  results,  I 
shall  venture  to  send  the  following  with  a  hope  that  it  may  be  thought 
worthy  of  being  laid  before  the  Royal  Irish  Academy. 

I  tried,  as  many  people  have  done,  tannin,  and  find  that  it  acts 
very  differently  on  different  parchments.  In  one  case  it  was  fixed 
with  mastic  varnish,  and  a  manuscript  of  a  perfectly  illegible  character 
has  been  thus  rendered  clear  and  bright.  I  am  not,  however,  sure  that 
it  is  unaltered  after  a  year. 

With  sulphide  of  ammonium  magnificent  dark  colours  were  ob- 
tained, but  it  is  not  easy  to  dry  the  ink  before  it  becomes  oxidised, 

and  the  dull  brown  returns.  Still  I  have  preserved  one  manuscript  of 
this  kind  with  mastic  varnish,  and  a  part  with  paraffin,  very  bright  for 

a  year. 
I  think  these  processes  might  be  used  so  that  the  brightness,  if 

temporary,  should  give  good  photographs.  They  are,  however, 
only  imperfect  processes.  The  preservation  I  found  much  facilitated 
by  moistening  the  parchment  with  water  until  it  was  quite  soft,  and 
then  mounting  it  on  card  board.  This  plan  has  never,  to  my  know- 

ledge, been  adopted  with  skins,  but  it  seems  to  answer  perfectly.  It 
preserves,  at  least,  one  side  from  the  action  of  the  air,  and  the  varnish 
preserves  the  other.     The  back  of  the  paper  could  also  be  varnished. 

This  is  a  question  which  requires  to  be  reviewed  from  many  sides,, 
and  it  is  a  new  one  to  me,  so  that  I  do  not  say  much  as  yet. 

The  use  of  ferro-cyanide  of  potassium  very  naturally  occurs  to  a 
chemist,  and  it  was  with  this  salt  I  obtained  the  best  results ;  it  was, 
however,  used  acid.  Hitherto  this  has  not  been  the  case,  and  I  believe 
a  certain  destruction  of  the  organic  matter  of  the  ink  may  have  taken 
place  without  a  corresponding  deposit  of  the  iron  compound.  The 
acid  first  used  was  acetic.  After  having,  in  the  usual  way,  used  solu- 

tions which  produced  results  which,  to  say  the  least,  could  not  be  re- 
garded as  final,  it  was  with  very  great  surprise  that  I  saw  the  whole 

parchment  become  white  as  new,  and  in  all  probability  much  whiter 
than  ever  it  was  before.  The  dark-brown,  dirty,  and  crumpled  parch- 

ment, with  illegible  marks,  was  like  a  sheet  of  white  paper  with  writing^ 
perfectly  clear  and  sharp,  and  when  laid  on  a  board,  still  in  a  moist 
state,  it  was  smooth  also.     This  I  thought  a  great  triumph,  but  it 
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©ccnrred  to  me  that  the  action  was  only  superficial,  and  that  the 
colour  would  go  deeper  when  it  was  longer  exposed,  hut  to  my  grief, 
this  did  not  take  place,  hut  the  ink  hegan  to  fade.  Seeing  this,  the 
parchment  was  washed,  then  well  gummed  behind,  and  put  on  a 
smooth  hoard  so  as  to  be  photographed.  The  writing  was  bright 
enough  still,  but  had  lost  its  original  brilliancy,  and  as  the  original 
and  the  photograph  are  in  your  hands,  you  can  judge  of  the  results. 
[Since  writing  the  above  the  whiteness  has  diminished.] 

The  diminution  of  colour  was  a  disappointment ;  on  considering 
that  the  ferro-cyanide  of  iron  was  found  by  Grraham  to  be  soluble,  but 
very  slowly,  in  oxalic  acid,  it  was  imagined  that  it  might  be  so  in  acetic. 
Graham,  however,  did  not  find  this.  Still  we  must  take  the  result.  To 
avoid  this  difficulty,  then,  it  was  needful  to  try  another  acid,  and  I  took 
common  sulphuric.  I  had  no  MS.,  of  the  untouched  kind  to  try  upon, 
and  I  have  used  only  scraps  of  some  which  had  failed  with  other  pro- 

cesses ;  but  there  I  find,  so  far,  a  confirmation  of  the  belief  that,  by 
allowing  the  wiiting  to  remain  longer,  it  would  take  up  more  of  the 

solution,  and  darken  by  being  penetrated.  One,  after  eight  days'  im- 
mersion, was  darker  than  ever,  and  that  point  is  apparently  settled. 

But,  on  the  other  hand,  the  skin  was  not  whitened :  true,  but  it  was  a 
skin  that  had  been  so  much  tortured  with  chemicals  previously,  that  one 
need  not  be  surprised.  I  tried  also  neutral  solutions  with  varying  re- 

sults.    A  good  deal  depends  on  the  ink  and  the  quality  of  parchment. 
I^Tow,  I  am  in  this  position :  I  have  a  belief  that  the  process  might 

be  peii ected  by  various  modifications,  but  I  have  no  material  on  which 
to  work.  I  believe  there  are  many  old  parchments  quite  useless,  and 
on  some  of  these  I  am  desirous  of  continuing  the  trials.  This  class,, 
probably,  does  not  exist  in  the  Academy,  but  is  found  chiefly  among, 
papers  of  lawyers.  Of  course  it  would  not  be  right  to  make  any  ex- 

periments on  MSS.  with  ancient  literature  of  any  kind  or  on  very  old 
MSS.,  but  there  are  trifles  in  abundance. 

The  chief  novelty  in  this  process  is  the  clearing  of  the  ground.  It 
often  happens  that  the  ink  is  dark  enough,  but  being  equalled  by  the 
darkness  of  the  ground,  nothing  is  seen;  the  absolute  whitening  of  the 
ground  makes  the  faintest  shade  of  the  remaining  ink  visible,  and  all 
we  require  to  do  is  to  use  a  compound  which  will  not  dissolve  the  ink. 

For  MSS.  which  are  not  written  with  ink  prepared  with  iron  salts, 
but  with  carbonaceous  inks,  this  process  would  be  perfect,  as  the  ferro- 
cyanide  does  not  act  on  carbon.  Where  the  writing  or  paiating  is 
oleaginous,  the  clearing  up  of  the  surface  will  restore  the  original 
ground;  but  without  affecting  the  characters  or  lines  either  for  good  or 
evil,  it  will  throw  them  into  the  fullest  contrast.  I  do  not  know 
if  any  MSS.  are  of  this  kind  in  this  country. 

If  there  be  nothing  to  bind  the  colour ;  if,  for  example,  there 
should  only  be  the  remapis  of  a  water-colour  writing  or  drawing,  the 
use  of  a  watery  solution  will,  as  a  matter  of  course,  be  an  objection. 

It  would  be  difficult  to  use  the  process  for  paper,  because  a  large 
amount  of  liquid  is  required,  the  solution  not  being  merely  painted 
over,  as  in  the  old  process. 

[Note  added  Fchruar;/,  1877. — I  wrote  this  in  January,  187^,  and  aftci'  a  year  I 
sf^nrl  it,  but  having  done  nothing,  there  is  nothing  to  alter.] 

K.  I.  A.  .rnoc,  SEE.  II.,  VOL.  in. — scikxce.  F 
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YIII. — Eepokts  PBoai  the  Obseevatoet  of  TKEfiiT  College,  DtrsLi^r. 
By  Egbert  S.  Ball,  LL.  D.,  F.  E.  S.,  Andrews  Professor  of 
Astronomy  in  the  University  of  Dublin,  and  Eoyal  Astronomer  of 
Ireland. 

ISTo.  1. — 0:^^  the  Method  of  Eegulating  a  Clock  r^*TE^^DED  to  show 
COKEECT  jMEA2f  TlilE. 

[Read,  FeLiiiary  26,  1877.] 

Ik-  tte  following  note  I  describe  the  method  which  I  have  adopted  for 
the  regulation  of  the  new  mean  time  clock  erected  by  Messrs.  Booth, 
of  Dublin,  at  the  Observatory  of  Dunsink.  This  clock  controls  an 
electric  current,  which  goes  from  the  Observatory  to  Dublin,  for  the 
purpose  of  regulating  the  clock  in  the  Port  and  Docks  Office  of  Dublin 
to  correct  Dublin  time. 

In  the  regulation  of  the  clock  the  object  to  be  attained  is  to  make 
the  clock  show  correct  time  directly.  In  other  words,  we  try  to  have 
the  error  of  the  clock  always  small.  The  method  I  have  employed  is 
the  well-known  one  of  applying  small  correcting  weights  to  the  pen- 

dulum at  the  centre  of  its  length.  It  is  possible,  however,  that  the 

following  description  of  the  way  to  make  this  correction  in  a  system- 
atic and  orderly  manner  may  be  of  use  : — 
It  was  found,  by  experiment,  that  a  weight  of  635  milligrammes, 

placed  upon  the  "  shelf,"  which  is  fixed  on  the  pendulum  rod  at  the 
centre  of  its  length,  increased  the  rate  of  the  clock  one  second  per 
diem. 

I  shall  suppose  that  the  error  of  the  mean  time  clock  is  to  be 

determined  every  day  at  mean  noon  by  comparison  with  the  astro- 
nomical clock. 

Suppose  that  yesterday  at  noon  the  error  was  E',  and  that  to-day 
at  noon  the  error  is  -E,  the  rate  of  the  clock  is  therefore  JE  -  E',  and 
consequently  the  error  at  noon  to-morrow  would  be  2  ̂   -  J^'.  If, 
therefore,  we  wish  to  have  the  clock  right  at  noon  to-morrow,  a 

number  of  weights  equivalent  to  1  E  -  E'  must  be  added  to  or  taken 
from  the  shelf  at  noon  to-day.  The  principle  of  the  correction  is  that, 
by  comparison  of  the  errors  of  noon  to-day  and  noon  yesterday,  wc 
endeavour  to  make  the  clock  right  at  noon  to-morrow. 

In  the  practical  application  of  this  method  we  may  assume  that 
we  never  have  to  deal  with  a  clock  more  than  two  or  three  seconds 

wi'ong,  and  under  these  circumstances  the  correction  may  be  made 
with  the  greatest  facility. 

We  shall  assume  that  half  a  second  is  the  smallest  portion  of  time 
of  which  it  is  necessary  to  take  cognizance.  The  following  Table  will 
then  tell  us  at  once  how  many  weights  should  be  placed  on  or  taken 
off  the  shelf:— 
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Seconds  of  Mean  Time  Clock  at  True  Mean  Koon  to-dat. 

58-0      58'5 59-0      o9-5        0-0 
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Por  example,  at  mean  noon  to-day  the  clock  showed  llh.  59m. 

59-Os.,  while  yesterday  it  showed  Oh.  Om.  O'Ss.,  then  the  table  gives 
+  2-5,  which  means  that  weights  equivalent  to  2*5  seconds  should  be 
placed  on  the  shelf,  to  make  the  clock  right  to-morrow. 

_  In  order  to  facilitate  the  application  of  this  correction  fifteen  cylin- 
drical brass  weights  have  been  made.  These  cylinders  have  weights 

corresponding  to  3,  6,  9,  10,  10-5,  11,  11-5,  12,  12-5,  13,  13-5,  14, 
14-5,  15  seconds  respectively. 

In  starting  the  clock,  it  is  rated  by  the  pendulum  bob,  in  the  usual 

way,  to  go  as  nearly  accurately  as  possible  when  the  12-5  second 
cylinder,  and  also  the  6  second  cylinder  are  both  on  the  shelf.  The 
latter  will  not  be  altered,  unless  in  the  case  of  a  considerable  change 

p  2 
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in  the  clock -rate,  when  it  may  be  replaced  by  the  3  or  the  9.  The 
ordinary  daily  correction  is  simply  made  by  changing  one  of  the 
cylinders  for  another.     Thus,  to  take  an  example — 

Suppose  that  to-day  the  clock  showed  59  seconds,  that  yesterday 
it  was  correct,  then  the  Table  gives  +  2.  If,  then,  the  cylinder  11-5 
were  on  the  pendulum,  it  should  be  removed,  and  13"5  put  on  instead. 
It  will,  however,  occasionally  happen  that  the  required  correction  is 
beyond  the  reach  of  the  change  which  could  be  effected  by  one 

cylinder.  It  would  be  so  in  the  instance  just  given,  if  the  cylinder  13"5 
had  been  on  the  shelf,  instead  of  11  "5.  The  correction  would  then 
re'quire  a  cylinder  of  15*5.  In  this  case  the  cylinder  6  is  removed, 
and  9  put  on  instead,  and  then  the  cylinder  12-5  seconds  is  put  on. 
The  second  cylinder  is  thus  only  required  for  secular  corrections,  as  it 
were ;  the  ordinary  daily  correction  is  effected  in  a  moment  by  the  ex- 

tremely simple  process  of  changing  one  cylinder  for  another. 
The  cylinders  are  very  readily  removed,  without  deranging  the 

pendulum,  and  the  number  appropriate  to  each  cylinder  is  engraved 
upon  it. 

Although  this  method  may  seem,  in  describing  it,  to  be  somewhat 
complicated,  yet  it  works  with  the  greatest  facility,  and  leaves  nothing 
to  be  desired  on  the  score  of  precision. 
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IX. — Proof  of  Hamilton's  Principle  of  Varying  Action,      By  Pro- 
fessor Tait  ;   Communicated  by  Dr.  Ball. 

[Eead,  April  9,  1877.] 

We  have  as  usual, 

A  =  2\Tdt, 

8A=j{8T+8II-SVy(U 
=  2 

^se  +  ̂sdy-80]dt  +  t8ir <^^  dO  dO 

5  \{~]  se\  +  tSR uld  J       ) 

+  2  J  (terms  disappeaiing  in  consequence  of  Lagrange's 
Equations  of  Motion)  80dt, 

whence  of  course 

dA      dT    ̂  
—  =  — ,  &c., 
d8       dO 

dA 

which  is  the  essence  of  Hamilton's  varying  action. 
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X. — LlEOEATOET  XoiES.^      Bv  ChAELES  E.  C.  TlCHBOIl]S^E,  Ph.  D., 
r;c.s.,  &c. 

iN'o.  6. — Ox  THE  FoKiiATiox  OP  IEagkttic  Oxide  bt  the  Dissociation OF  PsEEors  Salts. 

[Eead,  Apiil  23,  1877.] 

Ix  the  description  of  a  find  of  magnetic  iron  ore  in  Wicklo^r,  -n-hich  I 
read  before  the  Eoyal  Geological  Society  of  Ireland,  I  lately  oifered 
some  suggestions  as  regards  the  processes  by  which  these  deposits 

■were  formed  in  such  localities ;  the  stratified  appearance  of  the  ore, 
taken  in  connexion  with  its  associated  minerals,  at  once  putting 
out  of  question  the  idea  of  this  magnetite  being  of  igneous  origin. 
There  was,  however,  undoubted  evidence  of  the  ore  being  the  result 
of  the  oxidation  of  pyrites  into  sulphates  of  the  base.  Presuming  that 
there  is  no  limestone  in  tliis  district,  it  becomes  necessary  to  suppose 

that  the  deposition  of  PesOjt  was  determined  without  the  aid  of  a  pre- 
cipitant. At  the  time  of  my  reading  the  Paper  to  which  I  have 

referred,  I  exhibited  a  tube,  which  originally  contained  a  partially 
oxidized  solution  of  ferrous  sulphate  (a  solution  of  ferrous  sulphate 

which  had  been  exposed  to  the  air  for  some  twenty-four  hours).  On 
submitting  this  tube,  when  sealed,  to  a  temperature  considerably 

above  the  boiling-point  of  water,  magnetic  oxide  was  deposited,  appa- 

rently in  the  anhydi'us  state.  On  repeating  this  experiment  lately, 
with  definitely  oxidized  solutions,  to  my  great  sui'prise  I  got  nothing 
but  an  anhydrus  red  precipitate  of  ferric  oxide,  perfectly  desti- 

tute of  magnetic  properties.  I  therefore  instituted  experiments  to 
determine  the  conclitions  under  which  FcoOi,  would  be  deposited. 

A  mixture  was  made,  which,  on  precipitation,  would  give  us  the 

molecule  PeO,  Pcj,  Pes,  or  one  in  which  two-thirds  of  the  solution  had 
been  oxidized  up  to  the  ferric  condition.  On  heating  this  solution 
nothing  but  ferric  oxide  was  formed. 

In  one  case  half  the  solution  had  been  converted  into  a  ferric,  and 
half  left  as  a  ferrous  salt.  Such  a  solution  contained  the  elements  of 

an  oxide  2PeO,  Pcj,  P3.  Only  peroxide  of  iron  was  obtained  in  this 
case  also,  even  after  prolonged  heating  at  a  very  high  pressure  in 
sealed  tubes.  As  I  thought  that  the  basicity  of  the  solutions  might 
determiae  the  deposition  of  the  magnetic  oxide,  both  of  the  above 
solutions  were  rendered  so  basic  that  the  slightest  application  of  heat 
would  determine  a  precipitate  on  heating.  On  submitting  them  to  a 
very  high  temperature  in  sealed  tubes  the  deposits  were  not  magnetic, 
and,  therefore,  we  must  come  to  the  conclusion  that,  owing  to  the 

easy  dissociation  of  ferric  oxide,  that  oxide  is  deposited  first,  and  that 

the  acidity  of  the  solution  produced  by  this  act  of  dissociation  is  suffi- 
cient to  keep  the  ferrous  oxide  in  solution.     There  is  no  doubt  that  a 

^  Continued  from  vol.  ii.,  series  ii.,  p.  84. 
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point  would  ultimately  be  rcaeliecl  wliere  the  dyad  iron  would  be  de- 
posited if  we  could  get  tubes  sufficiently  strong  to  stand  the  pressure, 

but  they  invariably  burst.  The  presence  of  alkaline  salts,  although 
they  facilitate  the  deposition  of  basic  precipitates,  did  not  in  this  case 
determine  the  formation  of  magnetic  oxide. 

A  solution  of  ferrous  sulphate  was  allowed  to  remain  exposed 

to  the  air  for  some  time  until  i:)ai'tially  oxidized.  The  resulting 
solution  was  then  placed  in  a  sealed  tube,  and  on  the  application 
of  heat  it  immediately  deposited  the  magnetic  oxide,  and  apparently 

in  a  larger  proportion  than  what  would  be  deposited  fi'om  the  small 

amount  of  trioxide  formed.  "VYe,  therefore,  see  that  mixtures  such 
as  would  give  the  oxide  FeaO^,  on  precipitation  by  an  alkali,  or 
alkaline  earth,  do  not  give  magnetic  oxide  when  submitted  to  the 
dissociative  action  of  heat,  or  at  least  they  do  not  do  so  under  the 
pressure  that  we  are  enabled  to  bring  to  bear.  But  we  also  find  that 
partially  oxidized  solutions  of  ferrous  salts,  containing  10  to  20  per 
cent,  of  the  ferric  oxide,  do  deposit  magnetic  oxide,  on  submitting 
thetn  to  heat  under  pressure,  although  such  a  solution  on  being  left 
exposed  to  the  air  would  not  deposit  anything  but  ferric  oxide. 
Even  if  a  ferrous  salt  is  directly  precipitated,  in  time  the  ferrous 
oxide  is  formed,  but  never  the  intermediate  magnetic  oxide.  On  the 
application  of  a  temperature  above  100  C,  magnetic  oxide  is  deposited 

fi'om  solutions  which  are  slightly  oxidized. 
Assuming  that  pyrites  is  the  origin  of  this  vein  of  magnetic  ore, 

we  should  get  by  the  weathering  action  of  the  air  a  solution  which 

would  exactly  answer  all  these  rec[uisites — a  ferrous  sulphate  partially 
oxidized,  and  in  a  basic  condition.  Magnetic  oxide  is  found  exten- 

sively diffused,  and  in  immense  masses,  in  all  parts  of  the  world.  It 
can  be  formed  by  igneous  action,  and  is  no  doubt  frequently  formed  by 
the  precipitating  action  of  alkaline  earths ;  but  there  are  certain  de- 

posits which  from  their  character  do  not  point  to  either  of  those 
methods ;  and  I  have,  I  think,  supplied  in  this  note  a  description  of 
one  of  the  methods  by  which  magnetite  is  sometimes  formed  in  the 

laboratory  of  IS'ature. 
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XI. — Obseetatioxs  o's  the  Phexomexa  of  the  Tides  as  Obsekved  at 
Fleetwood  (Laxcashiee),  with  iLLrsTRATioxs  Enoir  the  Tides  of 

PtATHiiuxLA>'  (Co.  Do>^egal).  By  the  Rev.  James  Peaeson,  M.A., 
Cantab.,  Ex-Scholar,  Trinity  College,  Cambridge. 

[Read,  May  14,  1877.] 

Hatixg  been  for  some  time  engaged  in  making  observations  upon  the 
tides  at  Fleetwood,  I  wish  to  place  on  record  some  of  the  theoretical 
results  to  which  I  have  been  led,  as  well  as  to  say  a  few  words  in 

reference  to  a  graphical  construction  which  I  have  found  very  conve- 
nient for  illustrating  the  relation  between  cause  and  effect  in  their 

production.  The  most  elementary  knowledge  on  the  subject  teaches 
us  that  the  elevation  of  the  tides  is  due  not  only  to  the  action  of  the 
moon  and  sun  on  the  waters  immediately  below  them,  but  also  that 
this  action  is  extended  directly  through  the  solid  body  of  the  earth  to 

the  waters  on  the  obverse  side  of  it.  The  effect  may  in  part  be  con- 
ceived by  supposing  two  moons,  one  on  each  side  of  the  earth,  the  line 

joining  them  always  passing  through  its  centre,  and  each  attracting, 
so  as  to  produce  on  its  own  side  the  tide  actually  exhibited.  The 

first  of  these  being  the  real  moon — the  second,  or  fictitious  one,  may 

be  called  the  "  anti-moon."  In  the  very  same  "way,  we  must  imagine 
the  tides  which  are  produced  by  the  sun  to  be  of  the  same  twofold 

character.  "\Ye  are  thus  introduced  to  four  sets  of  tides,  each,  as  it 
will  be  seen,  operating  under  extremely  different  circumstances, 

namely — 1st,  a  limar  tide,  swelling  under  the  direct  action  of  the 
moon ;  2nd,  an  anti-lunar  tide,  swelling  under  the  obverse  action  of 

the  "  anti-moon;"  3rd,  a  solar  tide,  generated  under  the  dii-ect  action 
of  the  sun  ;  and  4th,  an  anti-solar  tide,  due  to  the  direct  action  of  the 

"anti-sun."  A  little  reflection  will  serve  to  make  it  apparent  that 
when  the  true  moon  is  seen  in  the  northern  hemisphere  or  has  north 

declination,  the  fictitious  "anti-moon"  or  "anti-sun"  is  over  the 
southern  hemisphere,  or  has  south  declination.  More  than  this,  it  will 
be  seen  that  as  either  of  these  luminaries  advances  from  south  to  north 

declination,  its  fictitious  antagonist  will  recede  fi'om  north  to  south 
declination,  and  vice  versa.  But  forasmuch  as  land  predominates  in 
the  northern,  and  water  in  the  southern  hemisphere,  the  magnitudes 
of  the  tides  produced  will,  from  this  cause  alone,  be  very  different,  and 
when  the  resulting  tides,  which  are  formed  of  the  superimposed  tides 
due  to  the  attractions  of  the  sun  and  moon,  consecutively  arrive  at  our 
shores,  they  will  display  this  difference  of  magnitude  very  prominently. 

Now,  to  this  point  I  wish  to  call  particular  attention.  Theore- 

tically, "the  action  of  the  moon  produces  a  tidal  spheroid  ;  and  the 
protuberances  of  this  spheroid  may  be  considered  as  composed  of  two 

tidal  waves — one  following  the  moon,  and  the  other  opposite  to  this. 
AVhen  the  sun  and  moon  are  not  in  the  equator,  one  of  these  may  be 

called  the  northern,  and  the  other  the  southern  tidal  wave.  ]N^ow, 
places  in  the  northern  hemisphere  pass  nearer  to  the  pole  of  the 
northern  tidal  wave,  and  places  in  the  southern  hemisphere  nearer  to 
the  pole  of  the  southern ;  and  hence  the  tides  are  alternately  greater  and 
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less.     The  greater  tide  Tvhen  the  moon  has  north  declination,  the  lati- 

tude being  north,  will  be  the  superior  tide,   or  th^d  ;it  tli'  third  lunai 
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liour;  when  the  moon's  declination  is  south,  this  will  be  the  smaller 

tide."  This  is  precisely  what  theory  advances  (see  ""Wlieweirs 
Dynamics,"  part  i.,  ed.  1832,  p.  198);  and  I  am  not  aware  that  the 
true  theory,  as  it  is  called,  which  is  based  on  the  Harmonic  Analysis 
of  the  Tides  contradicts  the  more  anciently-received  one.  But,  in 
point  of  fact,  and  as  the  result  of  observation,  the  configuration  of 
land  and  water  is  such  as  to  cause  that  tidal  wave,  whose  pole  is,  or 
ought  to  be,  in  the  northern  hemisphere,  to  be  invariably  of  lower 
magnitude  than  that  whose  pole  is  in  the  southern  hemisphere;  and, 
as  I  take  it,  the  simple  reason  of  the  contrariety  is,  that  neither  moon 
nor  sun  can  possibly  generate  a  tide  in  regions  where  little  or  no 
water  exists  for  the  purpose. 

What  observation  shows  is  this — that  the  lunar  tide  is  greater 
than  the  anti-lunar  which  follows  it,  whenever  the  moon's  declina- 

tion ranges  from  20  deg.  S.,  ascending  to  about  15  deg.  N.  ascending ; 
and  the  anti-lunar  tide  is  greater  than  the  lunar  whenever  the 

moon's  declination  ranges  from  20  deg.  IST.,  descending  io  about  15  deg. 
S.,  descending  ;  the  parallax  being  the  same  throughout. 

A  few  words  must  be  added  in  explanation  of  the  accompanying  dia- 
gram. The  figures  at  the  side  denote  the  successive  feet  as  marked  on 

an  Admiralty  Tide-gauge,  whose  base  is  the  mean  level  of  low  water 
of  ordinary  spring  tides.  The  figures  at  the  top  of  the  page  point  out 
the  days  of  the  month  during  which  the  observations  were  made,  and 

the  letters  "  w,"  "  e,"  refer  to  the  morning  or  evening  tide,  as  the 
case  may  be.  The  figures  in  the  middle  of  the  diagram  refer  also  to 
the  days  of  the  same  month,  but  each  of  them  is  put  a  day  and  a-half 
antecedent  to  those  in  the  top  line,  because  there  is  that  interval  from 

the  ''transit  B  "  of  Sir  John  Lubbock,  during  which  the  tide  travels 
from  its  cradle  in  the  South  Pacific  to  the  Irish  Sea.  The  tides  are 

marked  alternately  by  dotted  and  by  straight  lines,  the  latter  indi- 
cating what  we  have  called  lunar,  and  the  former  anti-lunar  tides, 

and  they  are  laid  down  to  scale,  thus  showing  by  the  lines  joining 

the  summits  the  course  of  the  curve  they  form.  "Within  the  space  at 
the  lower  part  of  the  diagram,  the  moon's  path  and  that  of  the  sun 
are  plotted  also  to  scale,  and  the  dotted  lines  show  those  of  the 

"  anti-moon"  and« "  anti-sun."  A  glance  from  the  top  to  the  bottom 
of  the  diagram,  in  the  direction  of  the  lines  which  mark  each  tide, 
enables  us  to  complete  our  description.  If  we  take  the  morning  tide 
of  April  29th,  for  instance,  we  can  see  that  it  is  generated  partly  by 
the  direct  action  of  the  moon  with  the  declination  south  ascending  (a  cir- 

cumstance which  is  favourable  to  its  development),  and  partlyby  the 
direct  action  of  the  sun  with  declination  north.  The  evening  tide,  on 

the  contrary,  is  connected  with  the  action  of  the  "  anti-moon"  in  the 
northern  hemisphere,  and  that  of  the  "anti-sun"  in  the  southern. 
The  former,  therefore,  is  a  lunar  tide  compounded  with  a  solar,  and 
the  latter  is  an  anti-lunar  tide  compounded  with  an  anti-solar.  The 
positions  of  the  moon  at  each  quarter  are  likewise  noted,  and  also  at 

apogee  and  perigee,  and  thus  it  is  seen  how  the  sun's  angle  and  the 
moon's  distance  separately  affect  the  height  of  each  tide.  The  method 
is  new,  and  is  very  successful. 
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XII. — Repoet  oisT  the  Solid  axd  Gaseous  CoisrsTrTUEXTS  op  the 

Mallow  Spa,  ix  the  Cotjxty  op  Cork.  By  "VYilliam  PLirifKETT, 
FeUowof  the  Chemical  Society,  and  Lancelot  Stijddeet,  LL.  D., 
Ex-Scholar,  Trinity  College,  Dublin. 

[Eead,  June  25,  1877.] 

At  the  suggestion  of  the  Member  for  the  Borough,  Mr.  John  George 

M'Carthy,  M.  P.,  the  authors  being  deputed  by  the  Royal  Irish 
Academy  to  analyze  this  mineral  water,  repaired  for  the  purpose 
to  Mallow,  in  August  last;  and  the  visit  was  repeated  by  Mr.  Plunkett 
in  the  September  following,  l^ear  the  east  end  of  the  town,  and 
north  of  the  Blackwater,  and  at  the  base  of  limestone  hills  sheltering 
them  from  the  north  and  east  winds,  are  some  warm  wells,  two  of  these 
being  in  the  field  adjoining  the  Spa  House,  provided  by  the  lord  of  the 

manor.  Sir  Denham  JS'orreys,  Bart.  This  house  contains,  in  the  front room,  the  spring  so  long  used  and  celebrated. 
It  is  this  principal  Spa  that  the  authors  were  instructed  to  examine ; 

but  they  thought  fit  also  to  determine  the  gaseous  constituents  of  one 

of  the  outside  springs,  called  the  Ladies'  Well. 
The  well  in  the  house,  besides,  supplies  the  baths  in  the  adjoining 

room,  and  its  overflow  affords  enough  to  the  town  for  domestic 
purposes.  This  well  is  surrounded  by  a  circular  margin  of  stone ;  it 
is  three  feet  deep,  and  two  feet  and  a-half  wide. 

A  tablet  there  states  that  ''the  baths  have  been  found  efficacious 
in  the  cure  of  cutaneous  diseases,  chronic  gout,  rheumatism,  palsy, 
and  stiff  joints ;  (that)  they  restore  the  balance  of  the  circulation, 
allay  nervous  irritation,  and  remove  pain.  The  Mallow  Spa  (it  adds) 
resembles  in  its  properties  the  hot  wells  at  Clifton,  and  has  been 
long  used  for  its  efficacy  in  the  cure  of  scrofulous  and  consumptive 
diseases." 

Doctor  Alexander  Knox,  in  his  work  on  "  Irish  Watering 
Places,"  quotes  some  physicians  of  Mallow  and  Cork,  much  to  the  same effect. 

The  principal  well  in  August  last  showed  a  temperature  of 

70-16°  F.,  or  21-2°  C,  the  atmosphere  being  at  58-1°  F.,  or  14-5°  C. 
Residents  of  the  place  agree  that  this  water  is  warmest  in  October, 

the  Ladies'  Well  in  August  reached  70-8°  F.,  or  21-6°  C;  but  it 
is  shallower,  and  more  exposed  to  the  sun's  heat  tlian  the  inside 
spring. 

The  suii ace  of  both  wells  is  overspread  with  gas  bubbles,  breaking, 
and  continuously  renewed. 

"The  gas  (writes  Dr.  Knox)  was  popularly  supposed  to  be  prin- 
cipally carbonic  acid ;  but  (he  adds)  if  the  analysis  of  Professor 

Daubeny,  instituted  on  the  spot,  be  correct,  it  is  composed  of — nitrogen, 
93"5  parts,  and  oxygen,  6'5  parts"  in  the  hundred. 
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Analyzing  the  gases  set  free  at  the  water's  surface,  as  the  authors 
did,  and  to  which  it  would  seem  that  Professor  Daubeny  confined  his 
examination  for  gases,  and  also  analyzing  the  gases  contained  in  a 
measured  portion  of  the  water  taken  from  below  its  surface,  which  the 
authors  were  careful  to  do,  in  addition — these  double  determinations 
enabled  them  to  go  far  towards  reconciling  the  apparently  conflicting 
views  reported  by  Dr.  Xnox. 

Moreover,  the  composition  of  the  gas,  as  contained  in  the  water, 
and  also  the  composition  of  the  gas  as  set  free  in  the  spring,  agreed  so 

nearly  with  the  composition  as  calculated  in  Bunsen's  chapter  on 
"  Gases  absorbed  in  Mineral  Springs,"  as  to  be,  in  his  words,  a 
"  valuable  confirmation  of  both  analyses." 

The  authors  now  beg  to  explain  and  state  the  results  they  obtained 
for  the  gaseous  and  solid  constituents  of  these  Mallow  waters;  the 
analyses  having  been  conducted  in  the  Laboratory  of  the  Royal  College 
of  Science,  by  the  permission  of  Professor  Galloway. 

The  free  gases  and  the  gases  absorbed  in  the  water  were  both 
examined.  The  absorbed  gases  were  boiled  out  from  700  cub.  cent, 

of  the  water  by  the  method  described  in  Miller's  "  Elements  of 
Chemistry,"  part  ii.,  pp.  55,  56;  and  the  analyses  were  made  by  the 
method  adopted  by  Bunsen,  as  follows : — The  gas  was  measured  in  an 
absorption  tube,  the  necessary  corrections  for  temperature,  pressure, 

&c.,  being  made;  a  bullet  of  potassic  hydi-ate  was  then  introduced, 
and  time  having  been  allowed  for  absorption  of  carbonic  acid,  the 
volume  was  again  determined.  The  remainder  was  transferred  to  an 
eudiometer,  mixed  with  hydrogen  and  detonating  gas,  and  exploded. 

The  several  readings,  reduced  to  0°  C.  and  one  metre  pressure,  give 
the  necessary  data  for  calculating  the  amount  of  the  several  con- 
stituents. 

The  following  are  the  results  :  — 

Principal  Spa. — Free  Gases. 

Volume. Pressure. Temp.  C. 
Vol.ato°C. and  I  metre 

pressure. 

Gas  employed,       .... 

121-0 

•6462 

19-4 
7306 After  absorption  of  CO2, 

IIT'O 

•6570 

19-2 
71-82 

Gas  transferred  to  eudiometer, 

191-3 

■4314 

192 

77-11 After  addition  of  hj-drogen. 

219-2 

-4604 

lP-2 

94-29 

After  explosion  with  detonating  gas, 

206-4 

-4o7o 

21-6 
87-51 
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"Whence  we  get 

Carbonic  anhydride, 
Oxygen, . 
jSTitrogen, 

p.  c. 

1-70 
2-88 

95-42 

100-00 
Saite  Spa. — Absorbed  Gases. 

700  cc.  of  the  water  yielded  20-6  cc.  of  gases,  which  is  equal  to 
29-4  cc.  in  the  Litre. 

Volume. Pressure. Temp.  C. 
Vol.  atcC. 
and  I  metre 

pressure. 

Gas  employed,       .... 
13-2-3 

-6719 

19-0 

83-11 

After  absorption  of  CO^, 

81-0 

-6220 

18-8 

47-14 

Gas  transferred  to  eudiometer, 

135-5 

•3932 

18-8 

49-85 

After  addition  of  hydrogen,  . 
183-0 

-4401 

18-6 

7o-41 
After  explosion  witli  detonating  gas. 

156-0 

•4129 

18-8 

60-27 

AVhence  we  get 

Carbonic  anhydride, 
Oxygen, 
Nitrogen, 

p.  c. 

43-28 5-75 

50-97 

100-00 

An  examination  was  also  made  of  the  free  and  absorbed  gases  in 
the  outer  or  Ladies'  Well. 

The  free  gases  had  the  following  composition  : — p.  c. 1-49 

Carbonic  anhydride, 
Oxygen, 
Mtrogen, 

The  absorbed  gases  were 

Carbonic  anhydride. 
Oxygen, 
!N  itrogen. 

2-46 

96-05 

100-00 
p.  c. 

32-24 

10-12 
57-64 

10000 
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The  solid  constituents  of  the  principal  spa  Tvere  also  determined. 

They  were  found  to  be  silica,  iron,  lime,  magnesia,  soda  (•with  trace  of 
potash),  chlorine,  sulphuric  acid,  and  carbonic  acid.  In  1000  cc.  were 
contained : — 

Grammes. 

Si  0.,     . 

•0152 

Pe3  63, 

•0005 

Ca 

•0564 

llg,        .         . 

•0097 

IsX 
•0063 

SO,,       . 

•0126 

CI,         .         . 

•0176 

be  calculated  as  be 
ing  thus  combined: — 

Silica,    , 

•0152 

Fenic  Oxide, 

•0005 

Calcic  Sulphate, 

•0179 

Calcic  Cai'bonate, 

•1279 

^agnesic  Carbonat e,        .          .          .          ̂ 0246 
]!iragnesic  Chloride, 

•0105 

SocHc  Chloride, 

•0160 

•2126 

The  following  are  the  readings  for  temperature  of  the  waters  and 
of  the  atmosphere,  taken  at  the  two  visits  mentioned ; — 

PitLxciPAL  Spa. 

Ust  August,  1876. 

Air,  . 
Water, 

2Wi  Scptemher,  1876. 

14= 

21 

•5  C. 

•2 

Air,  . 
Water, 

L adzes'  "Wdli. 

3162!  Auyud,  1876. 

13- 

21 

•4C. 

■5  ,., 

Air,  . 
Water, 

29//J  Sejitemler,  1876, 

13° 

21 

•5C. 

Air,   . 
"Water, 

15° 

21 

•0  C. 

•8„ 
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XIII.  —  Ox  THE  Gaseous  Consxittjej^ts  oe  the  Vaktey  axd  Geaxd 

Ca>^al  Waters.  By  Aechibaxd  jN".  M'Alpixe,  B.  Sc,  Assoc. 
E.  C.  Sc.  I.  ;  and  Chkis.  Clauke  IIIJTCHI^^sox,  Eoyal  Exhibitioner, 
Eoyal  College  of  Science. 

[Read,  June  2-5,  187".] 

HiTHEKTo,  in  the  examination  of  -waters  for  domestic  purposes,  the 
attention  of  chemists  has  been  almost  entirely  confined  to  the  solid 
bodies  they  contain  in  solution,  scarcely  any  attention  having  been 
paid  to  the  gaseous  substances  present. 

That  gases,  like  oxygen,  when  present  in  considerable  quantities, 
have  no  effect  upon  the  human  system  appears  unlikely.  The  Eight 

Hon.  Lyon  Playf  aii-  believes  that  the  medicinal  properties  of  the  mineral 

waters  of  Buxton  are  due  to  the  nitrogen  they  contain.  '\\Tiether these  gases  have,  or  have  not,  any  action,  we  must  leave  to  medical 
men  to  decide  ;  but,  at  all  events,  it  seems  desirable  that  in  the  waters 
examined  for  drinking  purposes  the  oxygen  contained  in  solution 
should  be  estimated,  as,  from  the  quantity  of  this  gas  present  in 
waters,  some  clue  might  be  afforded  to  the  state  or  condition  of  the 
organic  matters  they  contain. 

With  these  objects  in  view,  we  undertook,  at  the  suggestion  of 
Professor  Galloway,  the  examination  and  estimation  of  the  gaseous 
constituents  in  the  Vartry  and  Grand  Canal  waters  which  are  sup- 

plied to  Dublin,  and  the  neighbouring  townships. 

"We  conducted  the  examination  and  analyses  in  the  following 
manner  : — 

A  measured  volume  of  the  water  under  investigation  was  taken  ; 
the  gases  in  this  volume  expelled,  collected,  and  measured;  their 
quantities  were  determined,  and  the  respective  quantities  of  each 
present  were  estimated,  by  the  refined  method  of  gas  analysis  devised 
by  Professor  Bunsen. 

For  the  expulsion  and  collection  of  the  gases  we  used  the  appa- 
ratus proposed  by  Eeichardt,  and  described  by  Fresenius  in  the  "Zeits- 

chrift  fiir  analytische  Chemie,"  vol.  xi.,  p.  271. 
Some  preliminary  experiments  were  made  upon  the  gases  thus 

obtained,  to  ascertain  the  quality  of  the  gaseous  mixture.  After  the 
removal  of  the  carbonic  acid,  by  ineans  of  a  potash  bullet,  and  of  the 

oxygen  by  a  coke  bullet,  saturated  with  pyro-gallate  of  potash,  the 
measured  gas  remaining  in  the  eudiometer  was  exploded  with  a 
measured  volume  of  oxygen,  and  a  detonating  mixture  of  hydrogen 
and  oxygen,  obtained  by  the  electrolysis  of  water.  I^o  contraction 

occui'red,  other  than  that  due  to  the  detonating  gas ;  the  potash  bullet 
was  again  introduced,  and  on  measuring,  the  volume  remained  as  before  ; 
hence,  we  inferred,  since  no  carbonic  acid  had  been  formed,  that 
carbonic  oxide  and  carburetted  hydrogen  were  absent,  and  that  the 

gaseous  mixtui'e  consisted  only  of  carbonic  acid,  oxygen,  and  nitrogen. 
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We  now  pr.oceedecl  to  the  quantitative  estimation  of  the  respective 
gaseous  co^.rftituents. 

The  total  volume  of  gas  given  off  by  the  known  volume  of 
water  was  measured  in  a  calibrated  eudiometer,  and  in  common 
with  the  other  readings  reduced  to  the  normal  temperature  and 

pressure  (0°  C.  and  760  m.m.s.  bar.  pres.) 
A  portion  of  this  gas  was  taken,  transferred  to  another  eudiometer, 

and  measured.  After  absorption  of  the  carbonic  acid  by  a  potash 
bullet,  the  gas  was  again  read  off  by  the  kathetometer,  the  differ- 

ence between  the  readings  giving  the  amount  of  carbonic  acid. 
Pure  hydrogen  evolved  by  electrolysis  was  then  introduced,  and 

the  volume  then  read  off,  to  ascertain  the  amount  of  hydrogen 

added.  The  spark  given  by  a  Rhumkorff's  coil  was  then  passed, 
and  after  allowing  it  to  cool,  the  resulting  volume  of  the  exploded 
gases  was  read  off  :  one-third  of  the  contraction  measures  the  amount 
of  oxygen  present. 

The  residual  hydrogen  in  the  gas  having  been  deducted,  the 
remaining  volume  gives  the  amount  of  nitrogen  present.  From  data 
thus  obtained,  were  calculated  the  percentage  composition,  the 
absolute  volumes  in  cub.  cents,  of  the  gases  given  off  by  the  mea- 

sured portion  of  the  water  employed ;  and,  from  this  last,  the  total 
volume  of  the  mixture  contained  in  one  million  litres  of  water. 

AVe  now  proceed  to  give  the  results  of  some  of  our  analyses  of  the 
Vartry  and  Canal  waters.  The  samples  of  the  Vartry  water  were 
taken  from  the  taps  in  the  Chemical  Laboratories  of  the  Royal  College 

of  Science,  Stephen' s-green,  Dublin,  being  collected  just  before  use: — 

No.  1.— Taken  Ibth  March,  1877. 

Volume  used,   2-420 
Temperature  of  water  used,  .     .     .     7°  C. 

litres. 

Volume. Tempera- ture 

in  o°C. 

Pressure 
in  m.m.s. 

Ml 

3  I >%°:  ■ 
t  "^  0 

c3    - 

Total  vol.  of  gas  evolved,  . 

After  absorption  of  CO2,    . 

Gas  used,   

After  the  admission  of  H,  . 

After  explosion,       .     .     . 

180-347 

169-296 

282-362 

412-130 

255-990 

9-90 

9-45 

11-10 

10-80 

10-80 

740-5 

751-0 

752-0 

752-0 

752-0 

49-9 

52-8 

288-1 

166-0 

300-6 

156-05 

148-41 
16209 

300-63 

143-12 
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Percentage  Vohone  Composition. 

Cartonic  acid         4'888 

Oxygen,   30-806 
^"itrogen,   64-300 

Total,     .     .     .      99-994 

Absolute  Volume  Comjoosition  in  Cich.  Cents. 

Carbonic  acid         1-934 

Oxygen,   12-187 

iN'itrogen,   2o-437 

Total,     .     .     .      39-558 

1,000,000  litres  of  water  contain  16,346  litres  of  mixed  gases. 

Xo.  II.— Tal-en  IStli  June,  1877. 

Volume  nsed,   2*420  litres. 
Temperature  of  water,       ....     20-25°  C. 

Percentage  Volume  Composition. 

Carbonic  acid,   4-465 
Oxygen,   30-897 
Nitrogen,   64-638 

Total,     .     .     .     100-000 

Absolute  Volume  Composition  in  Cub.  Cents. 

Carbonic  acid,     .........       1-662 
Oxygen,   11-503 
Nitrogen,   24-065 

Total,     .     .     .     37-230 

1,000,000  litres  of  water  contain  15,384  litres  of  mixed  gases. 

Waiees  fbom  Geaxd  C'axal, 

Ko.  I. — Taken  at  Haroldscross  Bridge,  28t/i  2Iarch,  1877. 

Volume  used,   2-420  litres^ 
Temperature  of  water.       .     .     .     .     8^  C. 
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Volume. 

Not  taken 

315-136 

283-370 

364-980 

227-120 

Tempera- 
ture 

in  0"  C. 

Pressure 

in  m.m.s. 

Column  
of  

Mercury  
]
 

above  
that 

in  
trough  

in  
m.m.s. 

o oca 

r;  ri  o U 

Total  Tol.  of  gas  evolved,  . 

Gas  used,   

After  absorption  of  CO-,    . 

After  admissiou  of  II,  .     . 

After  explosion,  .... 

11-2 

11-5 

11-9 

12-2 

749-9 

750-5 

756-5 

756'5 

256-7 

289-0 

205-0 

313-5 

192-505 

161-490 

251-300 

124-550 

Percentage  Volume  Composition. 

Carbonic  acid,  .     .   16-111 

Oxygen,   21-947 
jSTitrogen,       .     61-941 

Total, 99-999 

Iso.  II. — lahn  at  Zeeson-street  Bridge,  lltli  Aj^ril,  1877. 

Yolnmc  used,     ......     2-420  litres. 
Temperature  of  ̂ vater,     .     .     .     10°  C. 

Volume, 

354-320 
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Total  vol.  of  gas  evolved,  . 

Gas  used,   

After  absorption  of  CO;^,    . 

After  admission  of  II,  .     . 

After  explosion,  .... 

12-3 

12-3 

10-2 

10-3 

10-4 

756-5 

7o6-o 

760-0 

760-0 

759-5 

241-8 
241-8 

361-2 
244-7 

345-0 

224-850  \ 

199-720 

097-524 

207-745 

110-318 
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Percentage  Volume  Composition. 

Carbonic  acid,   ol*161 

Oxygen,   16-260 
Mtrogen,   32 -0  69 

Total,     .     .     .     99-990 

Absolute  Volume  Composition  in  Cuh.  Cents. 

Carbonic  acid,   26-918 

Oxygen,   8-558 
Xitrogen,   17-138 

Total,     .     .     .     52-614 

1,000,000  litres  of  water  contain  21,741  litres  of  mixed  gases. 

'iSo.  ̂ ll.—Tahen  at  Baagot-street  Bridge,  2lst  Jane,  1877. 

Water  used,   2-420  litres. 
Temperature  of -water,      .     .     .     21-8°  C. 

Total  vol.  of  gas  evolved, 

Gas  used,       .... 

After  absorption  of  CO2, 

After  admission  of  IF.  . 

.Yfter  explosion,  .     .     . 

3  =  2 
0 

Volume. Tempera- ture 
Pressure 

)f
Mc
 

th
at
 

n 
 m
. 

in  0°  C. 

^H 
^°S 

.i^i 

y^-5 

' 

■■J  ■" u     ̂  

240-810 302-80 

19-9 
756-0 

302-8 256-43 

19-9 
756-0 

■302-8 

137-800 

163-10 

19-9 

756-0 
392-4 

057-802 

318-21 19-7 

756'0 
210-0 

194-850 

234-00 
19-2 

750-3 

308-8 

122-238 

Percentage  Volume  Composition. 

Carbonic  acid   57-8334 

Oxygen,   17-6567 
Mtrogen,   24-5097 

Total.   .      .      .     90-9998 
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Absolute  Volume  Comjiosition  in  Cuh.  Cents. 

Carbonic  acid,   32-588 
Oxygen,   9-949 

]S'"itrogeu,     .     ,   13-812 

Total,     .     .     .     56-349 
1,000,000  litres  of  water  contain  23,285  litres  of  mixed  gases. 
It  will  be  desirable  to  compare  the  relative  quantities  of  oxygen 

and  nitrogen  obtained  in  these  analyses  with  the  relative  proportion  of 
these  gases  which  would  be  dissolved  by  a  pure  water,  in  contact 

with  ail".  Bunsen  has  determined,  that  in  100  parts  of  oxygen  and 
nitrogen,  dissolved  by  pure  water,  the  relative  proportions  are — 

Oxygen,   34-91 
Mtrogcn,   65-09 

Comparing  the  results  of  our  analyses  of  the  Yartry  waters  with 
this  determination,  we  find  that  in  100  parts  of  dissolved  oxygen  and 
nitrogen  the  following  relative  proportions  obtain  :  — 

Xc.  I. 

Oxygen,   32-39 
!Xitrogen,   :      .     .     67-61 

No.  II. 

Oxygen,   32-34 
Nitrogen,       67-60 

From  this  we  see  that  these  relative  proportions  of  oxygen  and 
nitrogen  pretty  closely  agree  with  those  which  are  found  in  a  pure 
water;  but  there  has  been  a  slight  diminution  in  the  proportion  of 

oxygen. 
Now,  if  a  diminution  of  oxygen  is  brought  about,  in  consequence 

of  oxidation  of  decaying  organic  matter  with  which  a  water  comes  in 
contact,  then,  in  the  Yartry  water,  such  contamination  would  seem  to 
have  occurred  only  to  a  very  small  extent;  and,  therefore,  on  this 
supposition,  it  is  free  from  injurious  organic  constituents. 

Making  the  same  comparisons  for  the  Canal  waters,  we  obtain  the 

following : — 
No.  I. — From  Haroldscross  Bridge. 

Oxygen,           26-16 
Nitrogen,   73-84 

No.  II. — -From  Leeson-street  Bridge. 

Oxygen   33-368 
Nitrogen,   66-632 
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No.  III. — From  Barjcjot-afreet  Bridge. 

Oxygen,       41-873 
Mtrogen,   58-127 

These  results  seem  contrary  to  expectation ;  for,  since  in  coming 
further  down  the  canal  into  the  city,  the  amount  of  contamination 
increases,  we  would  naturally  expect  to  find  a  gradual  diminution  in 
the  relative  quantity  of  oxygen  present.  But  we  really  see  that  the 
amount  of  oxygen,  relatively  to  the  nitrogen,  is  increased,  the  nitrogen 
undergoing  considerable  diminution.  How  this  result  is  to  be  inter- 

preted we  are  not  as  yet  prepared  to  say,  further  than  that  our 
results  show  us  that,  as  the  contamination  increases,  the  proportion  of 
nitrogen  diminishes,  while  that  of  the  carbonic  acid  increases  by  about 
the  same  amount. 

It  may  be,  that  the  coefficient  of  sohibility  of  the  nitrogen  is 
altered,  owing  to  the  presence  of  such  a  large  amount  of  carbonic  acid. 
But  upon  this  point  we  have  found  no  experimental  data. 

These  investigations  were  made  in  the  Chemical  Laboratories  of 
the  Royal  College  of  Science,  imder  the  direction  of  Professor 
Galloway. 
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XIT. — Ox  THE  YoLL'iTETErc  EsTiMATiox  OF  CHROiirrir.      By  Thomas Batlet. 

[Read,  June  25,  1877-] 

The  well-known  property  possessed,  by  the  peroxides  of  Mckel  and 
Cobalt,  of  decomposing  Sodic  Hypochlorite  with  evolution  of  oxygen, 
can  be  made  nse  of  for  the  estimation  of  Chromium,  as  follows  : — 

The  Chromium  salt  is  mixed  with  -1  or  "2  gram,  of  Cobalt  in  solu- 
tion, and  then  with  excess  of  Potash  or  Soda.  To  this  mixture,  excess 

of  cold  NaClO,  free  from  Chlorate,  is  added.  On  warming  the  solution, 
the  whole  of  the  Chromium  is  at  once  oxidised  to  the  state  of  Chromate, 

and  peroxide  of  Cobalt  (C03O0)  is  formed  at  the  same  time.  The  solu- 
tion is  then  allowed  to  stand  in  a  warm  place  for  a  few  hoiirs,  in  order 

that  the  excess  of  Hypochlorite  may  be  [decomposed  by  the  Cobaltic 
peroxide.  Hydrochloric  acid  is  afterwards  added  until  a  few  drops 
only  are  in  excess ;  the  solution  is  then  boiled  until  all  the  Chlorine 
is  expelled.  The  solution  then  contains  the  Cobalt  as  protochloride, 
and  the  Chromium  as  alkaline  Chromate  ;  when  cold  it  is  mixed  with 

Potassic  Iodide  and  Hydrochloric  acid,  and  the  liberated  Iodine  is  esti- 
mated by  Soclie  Thiosulphate  solution.  25  cc  of  a  standard  solution  of 

Bichromate  of  Potassium,  equivalent  to  ■?A'll  gram,  of  Iodine,  were 
reduced  to  Chromous  Chloride  by  Hydi'ochloric  acid  and  Alcohol,  and 
then  estimated  by  the  above  method.  The  following  results  were  ob- 

tained : — 

Of  Iodine. 
Theory.  Found. 

•3171  gram.         -3212  gram. 

In  a  second  experiment : 

•3171     „  -3171     „ 

The  results  contained  in  this  Paper  were  obtained  in  the  Laboratory 
of  the  Eoyal  College  of  Science. 
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XV. — Notes  on-  the  Meteoe  op  Feidat  the  6th  Apeil,  1877. 
By  Pkofessoe  O'Eeiilt. 

[Bead,  April  9,  1877.] 

This  Meteor,  seen  from  many  places  in  the  Sonth  of  Ireland,  where 
it  apparently  exploded,  was  also  visible  from  Dublin  and  other  locali- 

ties still  further  north.  It  must  consequently  have  been  of  more  than 
ordinary  size  and  brilliancy,  meriting  therefore  some  notice  as  a  matter 
of  record. 

Owing  to  the  peculiar  conditions  under  which  such  phenomena 
occur,  the  impressions  and  estimates  of  individual  observers  naturally 
differ  considerably  as  regards  the  colour,  the  size,  and  the  direction 
of  movement  of  such  a  meteor. 

The  real  conditions  can  therefore  be  merely  approximated  by  com- 
paring a  large  number  of  individual  descriptions.  In  the  case,  how- 

ever, of  the  meteor  having  been  seen  to  explode  at  the  instant  of  its 
apparent  passage  across  some  fixed  point  or  line,  there  remains  an 
element  by  which  its  position  at  the  moment  can,  to  a  certain  extent, 

"be  fixed.  This  advantage  I  had  when  observing  the  explosion,  the globe  of  flame  appearing  just  to  touch,  by  its  lower  rim,  the  ridge  of 
the  houses  on  the  opposite  of  the  road,  as  I  endeavour  to  show  in 

the  accompanying  di-awing.  Knowing  the  point  where  I  stood  at  the 
time,  I  have  been  able  to  fix  the  apparent  angle  of  the  luminous  globe 

above  the  horizon,  at  1 5°,  using  for  that  purpose  a  pocket  sextant  and 
a  level,  so  as  to  get  a  horizontal  plane  of  comparison. 

The  colour  appeared  as  that  of  cupric  chloride  when  burning,  that 
iS;  Muish  green. 

The  size  of  the  globe  seemed  to  me  to  equal  that  of  the  setting  sun. 

The  time  was  very  nearly  three  to  four  minutes  past  9  o'clock,  p.m., Dublin  time. 

The  direction  in  which  seen  was  about  S.'W. 
The  inclination  of  the  line  of  movement  appeared  to  be  fi'om  west 

to  east,  at  about  80°  from  the  vertical. 
Comparing  these  observations  with  others  communicated  to  the 

Cork  newspapers,  which  I  annex,  I  find  the  following  additional  data, 
which  agree  very  fairly,  in  some  respects,  with  my  observations  : — 

''  The  Feiday  night  Meteoe. 

"  TO  THE  EDITOK  OF  THE  '  CORK  EXAMINEE.' 

"  Dear  Sir, — I  suspect  that  all  your  readers  have  heen  discussing  the  splendid 
meteor  which  visited  us  last  night.  I  think  it  would  be  worth  while  if  several  who 
observed  it  compared  notes,  so  as  that  we  may  discover  what  its  distance  from  us 
was,  and,  if  possible,  also  its  size.  I  happened  to  see  it  from  first  to  last.  I  must 
add  that  I  live  in  the  eastern  part  of  the  coimty,  exactly  in  the  8th  degree  of  lon- 

gitude. ■  To  me  the  meteor  appeared  in  the  heavens  exactly  about  the  place  of  the 
Polar  star.  It  moved  in  a  south-westerly  direction,  and  traversed  an  arc  of  about 
60  degTces.  It  was  in  view  about  six  seeonds.  During  the  last  half  second  it  ap- 

peared to  throw  out  sparks  as  if  exploding,  the  coloiu'  in  the  meantime  having 
H.  I.  A.  PROC,  SER.  II,,  VOL.  III. — SCIENCE.  H 
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become  more  ruddy.  About  three  minutes  after  its  appearance  I  heard  the  explo- 
sion. As  sound  travels  fomteen  miles  a  minute,  the  meteor  must  have  been  fortv- 

two  miles  from  me  when  the  first  explosion  occiuTed ;  that  is,  as  I  calculate,  nearlr 
over  the  Old  Head  of  Kinsale,  but  rather  south  of  it,  and  at  a  height  then  of  thirtA- 
miles.  While  exploding  it  must  have  gone  tvelve  miles  farther,  and  its  remains 
may  have  fallen  among  the  fishing  fleet.  The  meteor  appeared  to  me  to  have  a 
diameter  about  one-tenth  the  apparent  diameter  of  the  moon.  Hence  its  real 
diameter  must  have  been  about  200  feet.  I  calculate  its  velocity  to  have  been. 
twenty-five  miles  a  second. 

"  Hoping  you  may  think  my  observations  worth  reading, "  I  am  j^ours, 

"  NO  ASTRONOMEE." 

"  The  Phexo:me]s^a.  of  FjaTBAY  stight. 

"  '  CORK  DAXLY  HERALD.' 

"  Our  Tralee  eon-espondent  "n-rote  on  Friday  night : — 

"  '  A  sti'ange  meteoric  phenomenon  was  obsen^ed  here  to-night,  at  a  few  minutes 
past  nine.  Some  persons  assert  that  a  ball  passed  along  the  heavens,  and  after  a 
second  or  two  it  exploded.  Immediately  the  most  minute  object  was  observable  by 
the  illumiaation  produced.  The  light  only  lasted  for  a  few  seconds,  and  it  is  posi- 

tively stated  that,  after  the  explosion  of  the  ball,  fragments  of  it  fell  outside  the 

subiu-bs,  and  noise  resembling  thunder  was  heard  after  the  explosion.'  " 

"  Oui'  Kinsale  correspondent  writes  : — 

"  '  Those  "  toilers  of  the  deep  "  who  were  at  sea  fishiag  on  Friday  night  had  a 
good  oppoi-timity  of  obser\ang  the  meteor.  It  resembled  very  closely  the  full 
moon,  and  carried  a  trail  very  much  like  that  of  a  rocket.  It  shot  through  the 
heavens  form  noith-east  to  south-west,  in  which  point  it  disappeared.  The  bril- 

liancy of  the  blue  light  which  emanated  from  it,  as  it  sped  along  the  clear  sky. 
made  the  smallest  object  on  the  earth  quite  visible,  and  in  a  few  minutes  after  it?; 
disappearance  a  deep  dull  sound  like  distant  thunder  was  heard  in  a  south-westerly 
dii-ection,  which  leaves  no  doubt  that  it  was  the  noise  which  followed.'  " 

"  A  correspondent  writes  to  us  from  Kilrash  : — 

"  '  An  aerolite  {sic)  of  remarkable  brilliancy  and  size  illuminated  the  town  after 
nine  o'clock  last  night,  and  burst  noiselessly.  It  was  for  more  than  thirty  seconds 
in  -^iew.     It  was  observed  by  hundreds  who  were  in  the  streets.'  " 

The  writer,  "  K'o  Astronomer,"  gives  the  size  as  about  one-tenth the  apparent  diameter  of  the  moon.  Eefraction  would  of  course  make 
it  appear  larger  to  a  spectator  situated  at  Dublin,  who  saw  it  at  the 

comparatively  low  angle  of  15°. 
The  height  over  Cork  which  he  estimates  for  the  globe,  at  the  mo- 

ment of  the  explosion,  agrees  with  that  resulting  from  the  15°  altitude 
which  I  observed. 

The  direction  of  movement  which  he  noted  S.  W.  leads  to  the 

conclusion  that  the  plane  of  movement  had  a  westerly  inclination. 
The  Kinsale  correspondent  gives  the  size  of  the  meteor  as  that  of 

the  full  moon  (a  sufficiently  close  approximation  to  mine) ;  the  colour 

he  states  as  Irilliant  Hue  (a  colour  hardly  distinguishable  fi'om  biilliant 
green  at  night,  by  many  people). 

A  correspondent  writing  from  Cork  gives  the  colour  as  Itffht  blue, 
and  gives  as  the  interval  of  time  between  the  explosion  and  the  sound 

about  two  minutes,  the  time  being  about  9  o'clock,  p.  jr. 
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XVI. — Repokt  on  the  HrsTOET  op  Ieish  Fossil  Mammais.  By  A;- 
Leith  Adams,  F.  R.  S.,  F.  Gr.  S.,  Professor  of  Zoology  in  the  Royal 
College  of  Science  for  Ireland. 

(Abeidgment  op  the  Report.) 

[Eead,  June  10,  1877.] 

The  following  Abstract  has  been  furnished  at  the  request  of  the  Com- 
mittee of  Publication  of  the  Royal  Irish  Academy,  in  consequence  of 

the  original  Report  requiring  more  illustrations  than  were  considered 
advisable  to  recommend,  on  account  of  the  attendant  expense. 

The  extinct  and  fossil  mammals  of  Ireland  have  been  variously 
enumerated.  Several  of  the  latest  writers  on  the  subject  include 

domesticated  oxen,  sheep,  and  goats  among  the  feral  lost  animals, '^ 
Avhilst  certain  mammals  are  enumerated  whose  existence  appears 
doubtful  when  carefully  compared  with  typical  examples  of  the 
species  to  which  they  have  been  referred. 

According  to  the  views  apprehended  in  this  Paper,  the  only  extinct 
mammals  hitherto  discovered  in  Ireland  are  as  follows  : — 

"Wild  Horse  {Equus  caballus). 
Wild  Hog  {Sus  scrofa). 
Irish  Elk  {Cervus  megaceros). 
Reindeer  {Cervus  tarandus). 
Hairy  Elephant  {Eleplias  primigenius). 
Grisly  Bear  {Vrsus fossilis,  vel  U.  ferox fossilis). 

"Wolf  {Cmiis  lupiis). 
Of  recent  Irish  mammals,  the  only  species  hitherto  found  in  fossil 

states  are  the  Alpine  Hare  {Lepus  variahilis),  and  the  Fox  (^Canis 
vulpes),  and  Red  Deer  [Cervus  elaphus). 

The  so-called  fossil  Cetacean  remains  reported  to  have  been  dis- 
covered in  Ireland  refer,  as  far  as  I  can  make  out,  to  detached  bones, 

none  of  which  have  been  determined  as  belonging  to  extinct  or  fossil 
species. 

Agaiti,  the  asserted  discoveries  of  exuvia3  of  certain  quadrupeds  in 
Irish  strata,  to  wit,  Hippopotamus,  Ursus  spelasus,  Ursus  maritimus, 
TJrsus  arctos,  Cervus  alces,  appear  to  me  to  rest  altogether  on  unsatis- 

factory evidence.  On  these  accounts  I  conclude  that  my  researches  into 
their  histories  have  not  been  a  work  of  supererogation  ;  for,  although 
it  is  demonstrated  thereby  that  the  list  of  Irish  fossil  mammals  is  re- 

markably small  as  compared  with  England,  and  in  several  respects 
deficient  as  compared  with  Scotland,  the  objects,  as  far  as  they  extend, 
belong  to  lost  mammals,  with  one  exception,  also  met  with  in  the 

1  Hull,  "  On  the  Physical  Geology  of  Ireland"  (1878).  Scott,  Geological  Ma- 
gazine, vol.  vii. 

H  2 
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superficial  deposits  of  the  latter  country — a  circumstance  of  some  im- 
portance when  the  recent  and  extinct  animals  are  considered  in  re- 

lation to  physical  geology  and  their  probable  route  of  migration  to 
Ireland  after  the  Glacial  Period. 

I  shall  now  proceed  to  briefly  indicate  the  data  on  which  the  fore- 
going determinations  are  based. 

The  '\Yild  Hoese  [Eqims  calallus). 
Eemains  of  a  small  Horse,  including  many  bones,  but  no  teeth, 

wore  found  in  Shandon  cave  in  connexion  with  the  Mammoth,  Eein- 

deer,  Eed  Deer,  Wolf,  Cave  Bear  ( U.  fossiUs,  Goldf .),  Fox  and  Hare.- 
3Ir.  Thompson  also  refers  to  teeth  from  gravel  at  considerable  depths,^ 
and  many  other  cases  are  recorded  of  the  finding  of  remains  in  similar 
deposits.  There  are  also  many  instances  of  equine  and  domesticated 

animals'  remains  from  caves  and  prehistoric  dwellings,  such  as  cran- 

uoges.* The  only  evidence  in  connexion  with  the  discovery  of  remains  of 
Tlip'po'potamm  in  Ireland  rests  on  a  single  canine  tooth  said  to  have 
been  found  near  Carrickfergus  in  1837.  I  have  seen  a  well  executed 
drawing  which  is  reported  to  be  of  this  tooth,  by  the  late  M.  Du  J^oyer, 
in  the  office  of  the  Geological  Survey  of  Ireland.  On  submitting  a 

copy  to  Dr.  Moore,  F.L.  S.,  I^aturalist  to  the  Survey,  when  the  dis- 
covery was  made,  he  assured  me  that  the  above  was  a  true  representa- 

tion of  the  tooth  in  question.  The  specimen,  however,  is  lost,  and 
the  circumstances  connected  with  the  discovery  not  being  altogether 
satisfactory,  it  appears  to  me  prudent  to  allow  the  Hippopotamus  a 

place  for  the  present  among  the  doubtful  Irish  mammals.^ 

The  Wild  Hog  (>S'?(s  scrofa). 

Remains  of  the  Hog  are  found  in  caverns,  bogs,  and  crannoges,  &c., 
in  connexion  with  domestic  animals,  and  there  are  records  of  its 

existence  in  a  feral  state  in  Ireland,"  but  I  can  find  no  traces  of  its 
contemporaneity  with  the  Mammoth  and  other  pleistocene  mammals. 

]S"or  is  there  satisfactory  evidence  of  any  feral  Bos  having  been  indi- 
genous to  Ireland.''     Historians   mention  wild   cattle,   but   possibly 

2  Carte,  Journal  Royal  Dublin  Society,  vol.  ii.,  p.  11.  Adams,  Trans.  Royal 
Irish  Academy,  vol.  xxvi.,  p.  215. 

^  Owen,  British  Fossil  Mammals,  p.  391. 
*  Bryce,  Report  British  Association,  1834,  p.  658.  Wilde,  Froceedings  of  the 

Royal  Irish  Academy,  vol.  i.,  p.  420. 
^  Dr.  Moore  makes  a  mistake  in  calling  it ' '  an  Elephant's  tooth  "  in  a  letter  quoted 

liy  Professor  Hull,  Journal  of  the  Royal  Geological  Society,  Ireland,  vol.  iv.,  p.  61. 
The  tooth  is  said  to  have  been  foxmd  by  a  son  of  the  well-known  Mr.  Doran,  who 
collected  natural  objects,  and  disposed  of  them  to  the  officers  of  the  Geological 
Sui-vey  of  Ireland. — A.  L.  A. 

8  Wilde,  Froceedings  of  the  Royal  Irish  Academy,  vol.  vii.,  p.  208.  Gu-aldus 
Cambrensis,  Toph.  Hihernica,  who  says  the  boars  were  aU deformed,  and  cowards. 

">  Scowler,  Journal  of  the  Geological  Society,  Fiihlin,  vol.  i.,  p.  228. 
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these  were  only  domesticated,  animals  run  wild.^  Remains  of  JBos- 
lonffifrons  are  very  plentiful  in  bogs,  river,  and  lake  deposits,  alone; 

with  Sheep,  Goats,  Horse,  Red  Deer,  Dog,  and  Fox.^  It  has  also  been 
discovered  in  ancient  dwellings,  such  as  crannoges,  raths,  &c.,^°  and 
many  crania  showing  their  frontals  battered  in  by  the  poll-axe  from 
these  situations,  and  from  other  prehistoric  dwellings,  are  preserved 
in  the  Museum  of  Science  and  Art,  Dublin,  but  I  have  failed  in  pro- 

curing proofs  of  its  existence  as  a  feral  species. 

The  Ieish  Elk  (Cervus  megaceros). 

Enormous  quantities  of  remains  of  this  Deer  have  been  found  in 
sub-turbary  deposits,  and  occasionally  in  river  gravels  throughout  the 
island.  None  of  the  bones,  as  far  as  I  have  seen,  show  that  either 

man  or  beast  preyed  on  the  animal.  The  remarkable  incisions  fre- 
quently observed  on  its  bones  from  the  shell  marl  are,  beyond  doubt, 

as  pointed  out  by  Carte,  Jukes, ^^  and  others,  the  result  of  friction  of 
opposing  surfaces  of  bones  during  probable  oscillations  of  the  super- 

incumbent bog.  This  Deer  probably  existed  at  the  same  time  with 
the  Cave  or  Grisly  Bear,  seeing  that  remains  of  the  latter  have  been 
met  with  in  shell  marl  under  peat  of  possibly  the  same  age ;  and 

there  is  evidence  of  its  contemporaneity  with  the  Reindeer. ^^  The 
fact  that  heads  of  females  and  hornless  heads  of  Stags  are  rarely  found, 
whilst  cast  antlers  are  hot  uncommon,  may  be  owing  to  the  absence 
of  the  stupendous  appendages  which  would  have  always  greatly  inter- 

fered with  the  animal  when  swimming,  as  it  also  assurely  placed  him 
at  a  disadvantage  in  the  forest. 

Perhaps,  therefore,  these  accidents  occurred  at  seasons  when  the 
sexes  were  separated,  and  to  all  appearances  when  the  horn  was  in  its 
jDrime,  which  would  be  at  the  rutting  season.  A  fine  head  and  horns 
of  Reindeer  was  found  by  Mr.  Moss  in  lacustrine  deposits  under  bog  at 

Ballybetagh,  County  Dublin  •^■'  and  quite  recently  Mr.  "Williams,  Taxi- 
dermist, Dame-street,  showed  me  an  antler  discovered  by  him  in  the 

above  situation.  In  both  cases  they  were  associated  with,  or  near  to, 
enormous  quantities  of  remains  of  Cervus  megaceros.  Taking  the  ex- 

plorations made  by  Messrs.  S.  &  J.  Moss,  and  the  two  years'  explo- 
rations lately  carried  out  by  Mr.  Williams,  it  is  estimated  that,  in  a 

space  not  exceeding  one  hundred  yards,  considerably  over  a  hundred 

crania  of  this  Stag  have  been  exhumed." 

^  Ball,  Proceedings  of  the  Royal  Irish  Academy/,  vol.  ii.  541  ;  and  "\Yildo, Idem,  vol.  vii.,  p.  183. 
9  Du  Noyer,  Journal  of  the  Geological  Society,  Bublin,  vol.  i.,  p.  218  ;  and 

Eall,  vol.  i.,  p.  253. 

^^  Wilde,  Proceedings  of  the  Royal  Irish  Academy,  vol.  i.,  p.  426. 
'^  Journal  of  the  Royal  Geological  Society  of  Ireland,  vol.  i.  p.  152;  and  vol.  x., 

p.  ]27. 
1-  Oldham,  Journal  of  the  Geological  Society,  Bublin,  vol.  iii.,  p.  252. !•'  Ibid. 

^^  Moss,  Proceedings  of  the  Royal  Irish  Academy,  second  series,  vol.  ii.,  p.  517- 
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]S"otmtlistarLcling  reiterated  assertions  to  the  contraiy  hy  ererr competent  Irisli  obserTer,  and  by  Owen  in  the  British  Fossil  Mam- 

mahj^'"  the  eiTor  that  remains  of  C.  megaceros  hare  been  met  "svith 
in  peat  overlying  the  shell  marl  and  clays  continues  to  be  propa- 

gated. It  is  stated  by  Dawkins  and  Sandford  in  their  Monoyraph  on 

British  Pleistocene  Mamriialsj^^  published  by  the  Palteontographical  So- 
ciety, that  the  Cervus  megaceros,  C.  tarandus,  C.  elaphus,  and  Bos  lonyi- 

frons,  have  been  found  associated  in  peat  in  Ireland.  ]S'otv,  although 
remains  of  the  Eed  Deer  and  Short -homed  Ox  are  very  plentiful  ia 
the  peat,  there  is  not,  as  far  as  I  can  discover,  a  single  properly  au- 

thenticated instance  of  exuviae  of  either  of  the  other  two  Deer  having 
been  found  in  the  Irish  turbaries  overlying  the  shell  marl  and  clays 
in  which  they  are  embedded. 

A  descriptive  osteology  of  this  Deer  appears  to  me  a  desideratum, 
and  more  especially  considering  the  abundance  of  its  remains,  and  the 
excellent  states  of  preservation  in  which  they  are  met  with  in  Ireland. 

The  Eeixdeee,  {Cervus  tarandus). 

The  evidences  of  the  Eeindeer  in  D'eland  were  first  recorded  by 
Oldham ;"  it  seems  requisite,  however,  as  far  as  possible,  to  enumerate 
the  stratagraphical  conditions  under  which  the  different  discoveries 
were  made  : — 

1.  Two  almost  perfect  heads  with  horns  were  found  in  shell  marl 

under  bog  at  Ballyguiry,  near  Dungarvan,  county  "Wat  erf  or  d.^- 2.  The  head  and  horn  referred  to  in  connexion  with  the  Dish 

Elks'  remains  fi'om  Ballybetagh,  county  Dublin,  were  found  in  a  clay 
overlying  granitic  boulders,  and  under  peat. 

3.  A  superb  head,  with  mandible  and  horns,  was  found  under  peat 

at  Ashbourne,  in  the  county  of  Dublin.^-' 
4.  Several  shed  antlers,  with  a  fragment  of  a  skull  and  horn,  were 

dredged  from  the  bed  of  the  Shannon,  near  Limerick. 
5.  A  skull  was  found  in  the  mud  of  Lough  Our,  county  Limerick. 
6.  A  large  number  of  remains,  representing  at  least  thirty-five  in- 

dividuals, were  found  in  Shandon  cave,  near  Dungarvan,  associated 
with  bones  of  the  Mammoth,  Grisly  Bear,  Wolf,  Fox,  Horse,  Eed  Deer,, 

and  Hare.^ 
All  these  specimens  are  either  in  the  Huseum  of  Trinity  College, 

or  in  the  Museum  of  Science  and  Art. 
The  noteworthy  character  of  the  horns  of  all  these  finds  is  the 

1-5  Page  464. 
^^  Page  xiii. 

1"  Journal  of  the  Geological  Society,  Dnblin,  vol.  iii.,  p.  2o"2. 
^*  Carte,  Journal  of  the  Geological  Society,  Dublin,  vol.  x.,  p.  107.  Adams, 

Transactions  of  the  Hoyal  Irish  Academy,  vol.  xxvi.,  p.  210. 
^^  Carte,  Journal  of  the  Geological  Society,  Dublin,  \o\.  x.,  p.  103,  and  Plate  viii. 
-"  Carte,  Journal  of  the  Royal  Dublin  Society,  vol.  ii.,  p.  12.  Adams,  Trans- 

actions of  the  Royal  Irish  Academy,  vol.  xxvi.,  j).  217. 
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Tinif  ormity  as  regards  the  beam,  which  is  slender  and  round,  as  obtains 

in  the  English  specimens,  and  the  recent  Eeindeer  of  IN'orway,  as  com- pared with  the  flattened  antlers  of  the  Siberian  stock.  The  presence 

of  Reindeers'  and  Horses'  bones  in  the  surface  as  well  as  the  deeper 
deposits  of  Shandon  cave  might  indicate  that  they  survived  the  Mam- 

moth and  Bear  in  Ireland.-^ 
Remains  of  the  Eed  Deer  have  been  found  in  shell  marl  and  other 

sub-turbary  deposits  of  Ireland,  but  in  by  far  the  greatest  abundance 
in  the  peat.  Its  presence  in  Shandon  cave  with  the  fauna  just  men- 

tioned, and  association  with  the  Irish  Elk,  make  it  contemporaneous 

with  all  the  pleistocene  Mammals.--  I  have  not  seen  Irish  antlers  of 
the  maximum  dimensions  of  the  horns  from  English  cave  and  river 
deposits. 

There  is  no  valid  proof  whatever  that  remains  of  the  Elk  ( Cercus 
alces)  have  been  found  in  Ireland.  The  horn  referred  to  by  Thomp- 

son,^ and  now  in  his  collection  at  Belfast,  is  clearly  that  of  a  recent Elk. 

The  MAiriiOTH  {Eleplias  primigeniiis). 

The  presence  of  this  Elephant  in  Ireland  is  confirmed  by  the  fol- 
lowing discoveries  :  — 

1.  The  teeth  of  a  young  individual  were  found  in  Cavan,  in  1715.-^ 
2.  A  rib,  possibly  of  an  Elephant,  is  figured  by  Smith,  who  states 

that  it  was  dug  up  near  Whitechurch,  in  the  county  of  Waterford.-' 
3.  I^early  an  entire  skeleton  of  an  Elephant,  with  the  antepe- 

nultimate molars  entire,  was  discovered  in  Shandon  cave,  near  Dun- 
garvan,  in  the  county  of  Waterford,  in  connexion  with  remains  of 

Reindeer,  Red  Deer,  "Wolf,  Eox,  Ursusfossilis,  Horse,  and  Hare.  These 
remains  are  now  in  the  Museum  of  Science  and  Art,  Dublin.^^ 

4.  There  is  a  nearly  entire  right  humerus,  No.  30,  531  of  the  Pa- 
Iseontological  Collection  of  the  British  Museum,  recorded  as  having 
been  dredged  up  in  the  Bay  of  Galway.  It  is  covered  with  Cirripedia 
belonging  to  the  genus  Lepas,  and  bears  every  indication  of  marine 

origin.  The  characters  of  the  Mammoth's  humerus  are  well  shown 
in  this  specimen.  The  locality  indicates  the  most  western  point  in 
the  Eiuropean  distribution  of  the  species  hitherto  recorded. 

5.  I  have  lately  been  shown  a  photograph  of  portion  of  a  molar  of 
this  Elephant  by  the  Rev.  Dr.  Grainger,  D.  D.,  of  Browshane,  who 
states  that  he  found  it  sticking  in  a  marine  deposit  containing  recent 
shells,  near  Comeastle,  county  Antrim.     He  further  informs  me  tbat 

21  Adams'  Report  on  the  Exploration  of  Shandon  cave  ;  Transactions  of  the 
Itoyal  Irish  Academy,  vol.  xxvi.,  p.  215. 

2^  Transactions  of  the  Royal  Irish  Academy,  vol.  xx'vi.,  p.  224. 
-^  Report  of  the  British  Association,  1840,  p.  362. 
-^  Molyneiix,  Philosophical  Transactions,  vol.  xxix.,  p.  367. 
-^  Smith,  History  of  Waterford  [1741],  p.  81.     Plate  2 ;  figs.  1,  2,  and  3. 
^  Carte,  Journal  of  the  Royal  Dublin  Society,  vol.  ii.  Plate,  x. ;  p.  11.  Adams, 

Transactions  of  the  Royal  Irish  Academy,  vol.  xxvi.,  p.  212. 
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the  other  instances  referred  to  by  him  in  his  commnnication  to  the 

British  Association  now  turn  out  to  be  doubtful.-'^  The  above  are  the 
only  properly  authenticated  instances  of  the  discovery  of  Mammoths' 
remains  in  Ireland  (as  far  as  my  investigations  extend). 

Gkisiy  Beau  (Ursus  fossilis,  sive  ferox). 

The  Irish  ursine  remains  as  determined  by  Ball,  Carte,  and  others,-® 
are  stated  to  belong  to  the  Ursus  maritimus,  TJ.  spelmis,  JJ.  ferox,  and 
JJ.  arctos. 

1.  As  regards  Ursus  maritimus,  the  data  on  which  the  determina- 
tion was  established  comprise  a  humerus,  femur,  and  fibula,  besides 

portion  of  the  atlas  and  axis ;  the  two  latter,  strange  to  say,  display 
complete  ankyloses  of  their  articulations.  These  bones  were  found  in 
the  mud  of  Loch  Gur,  in  the  county  of  Limerick,  and  are  at  present 
in  the  Museum  of  Science  and  Art. 

(^In  comparing  the  long  bones  with  similar  specimens  belonging  to 
the  Polar  Bear,  they  appear  to  me  to  differ  from  the  latter  in  pre- 

cisely the  same  characters  as  distinguish  the  bones  of  the  Brown,  the 
Grisly  and  the  extinct  cave  Bears  from  the  Polar  Bear.  These 
jDoints  of  distinction  as  regards  the  latter  have  been  clearly  pointed 

out  by  Owen,^^  and  refer  to  the  («)  stoutness  of  the  bones  of  the  Polar 
species ;  {b)  the  size  and  configuration  of  the  internal  condyle  of  the 
humerus,  {c)  the  position  of  the  deltoid  ridge  ;  {d)  the  position  of  the 
lesser  trochanter  of  the  femur.  In  all  these  characters  the  Loch  Gui' 
bones  disagree  with  the  Polar,  and  agree  with  the  Brown,  Grisly,  and 
Cave  Bears,  whose  long  bones  are  much  alike.  From  the  large  di- 

mensions of  the  specimens  in  question,  they  seem  to  belong  in  all  pro- 
bability to  the  Ursus  fossilis  of  Goldfuss,  now  generally  supposed  to  be 

identical  with  the  recent  Ursus  ferox. 

,  '  The  proximal  epiphysis  of  the  humerus  is  wanting.  The  length 
of  the  remainder  of  the  bone  is  14^  inches.  The  breadth  of  the  distal 

articulation  is  3"4  inches  ;  maximum  width  at  the  distal  extremity 
5  inches.  Unfortunately,  the  supinator  ridge  has  been  destroyed  close 
to  its  insertion,  and  prevents  me  ascertaining  the  angle  made  by  it 
with  the  shaft.  The  antero  posterior  diameter  at  the  middle  of  the 

deltoid  ridge  is  2-2  inches;  ih.e  femur  is  entire,  and  18'8  inches  in 
length;  the  girth  midshaft  is  5  inches;  breadth  of  the  proximal  ex- 

tremity is  5  inches,  and  the  distal  4  inches ;  the  articular  surfaces  of 

the  latter  are  3" 7  inches  in  breadth;  the  fibula  is  13  inches  in 
length,  and  presents  the  usual  variable  characters  of  that  bone. 

~'  Report  of  the  Belfast  Meeting  of  the  British  Association,  1875.  "  On  the 
Post  tertiary  Fossils  o£  Ireland."    By  the  Eev.  Dr.  Grainger,  D.  D. 

28  Ball,  Proceedings  of  the  Royal  Irish  Academy,  vol.  iv.,  p.  416.  Carte,  Jour- 
9 1 al  of  the  Geological  Society,  Lublin,  vol.  x.,  p.  114.  Scott,  Geological  Magazine, 
vol.  vii.,  p.  253.  Hull,  Journal  of  the  Royal  Geological  Society,  Ireland,  vol.  iv., 
(new  series),  p.  51. 

■■^  British  Fossil  Mammals,  p.  94. 
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2.  A  superb  cranium  without  the  mandible  is  now  in  the  pos- 
session of  the  Earl  of  Enniskillen,  who  has  kindly  furnished  me  with 

the  following  particulars  regarding  its  discovery.  It  was  given  to 
him  by  Mr.  Young,  of  Monaghan,  who  told  him  that  he  received  it 
from  a  navvy,  and  that  the  latter  found  it  near  Ballinamore,  in  the 
county  of  Leitrim,  when  digging  the  Shannon  and  Erne  Canal. 

The  exact  stratagi'aphical  position  is  therefore  wanting,  but 
from  the  light  colour  of  the  specimen  as  compared  with  the  black 
colouring  of  the  bones  from  the  mud  of  Loch  Gur,  it  may  be  presumed 
that  the  skull  was  found  in  the  shell  marl,  or  else  the  sub-lacustine 
clay. 

The  only  teeth  remaining  are  the  canines  and  last  molar.  The  lat- 
ter is  42  X  22  millimetres,  and  has  the  contracted  posterior  of  the  Grisly 

and  the  Vrstis  fossilis  of  Goldfuss.  The  zygomatic  arcade  is  not  so 
broad  comparatively,  nor  are  the  posterior  nasal  openings  so  wide  as 
in  Ursus  arctos.  In  these  two  particulars  the  specimen  coincides  with 
crania  of  the  Grisly  and  Ursus  fossilis.  It  differs  from  Ursus  spelceus 

or  the  gigantic  cave  Bear  in'  the  shape  of  the  last  molar  and  size  of  the 
posterior  nares,  which  are  apparently  narrower  in  the  latter  than  in 
any  of  the  foregoing. 

The  maximum  length  of  the  skull  is  15  inches,  and  greatest  width 
9i  inches.  Mr.  J.  Allen  states  that,  out  of  crania  of  eight  recent 
Grisly  Bears  examined  by  him,  five  were  14+,  three  over  15,  and  one 
was  16  inches  in  length.  The  maximum  breadth  of  none  of  these, 
however,  attains  to  that  of  the  Leitrim  skull,  the  width  of  the  largest 

being  only  8^  inches. ^° 
3.  j^early  an  entire  skeleton  was  found  in  situ  in  Shandon  cave, 

in  conjunction  with  the  exuviae  of  the  Mammoth,  Hare,  Reindeer,  Red 
Deer,  Wolf,  and  Fox.  The  bones  are  enumerated  by  Dr.  Carte,  F.L.S., 
in  his  Report  on  the  Shandon  remains,  and  referred  by  him  to  Ursus 

spelmus  and  Ursus  arctos?^  The  specimens  are  in  the  Museum  of Science  and  Art. 

The  cranium  is  in  fragments,  but  several  molars  and  the  left 
ramus  of  a  very  aged  Bear,  besides  a  fragment  of  a  right  ramus,  evi- 

dently of  a  larger  individual,  remain.  There  is  a  diseased  condition 
of  the  left  ankle-joint,  whereby  the  chstal  extremity  of  the  fibula  and 
corresponding  surface  of  the  tibia  show  extensive  exostosis,  which 
must  have  greatly  impeded  the  movements  of  the  animal  as  far  as  its 
predaceous  habits  were  concerned  ;  however,  the  Grisly  Bear  of  North 
America,  like  its  Brown  congener,  can  subsist  entirely  on  vegetable 
food.  All  the  teeth  of  the  above  are  larger  than  any  of  U.  arctus  I 
have  seen. 

The  fragments  of  the  maxillae  show  the  sockets  of  the  small  pre- 
molars as  in  the  Leitrim  skull,  whilst  the  4th  p.  m.  is  bitubercular,  and 

■^''  Geographical  Variation  among  North  American  Mammals. 

■'''  Journal  of  the  Royal  Dublin  Society,  vol.  ii.,  p.  12.    Plates  xi.  and  xii. 
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the  ultimate  has  the  contour  of  that  of  the  Grisly  and  Ursus  fossilis. 
The  dimensions  of  the  crown  of  this  tooth  are  40  x  24  millimetres,  and 
the  penultimate  molar  24  x  20  millimetres. 

The  mandible  includes  the  canine  much  injured  sockets  of  the  1st 
p.  m.  ;  the  sockets  of  1st  and  3rd,  and  portion  of  the  4th  p.  m.  ;  the 
sockets  of  1st  and  2nd,  and  the  ultimate  molar  are  entire,  hut  very 
much  worn  ;  it  is  rounded  behind,  as  in  Ursus  fossilis,  the  same  part 
being  usually  more  angular  in  Ursus  ardos  and  the  gigantic  cave  Bear 
(Urstis  spelcdus). 

The  dimensions  of  this  ramus,  compared  with  that  of  a  very  old 
individual  of  Ursus  ferox,  show  it  to  have  belonged  to  a  larger  indivi- 

dual. There  are  seemingly  no  other  points  of  distinction  in  this 
specimen,  but  the  fragment  of  the  articular  extremity  of  the  other 
ramus  shows  the  thick  incurved  angular  process  apparently  more  pro- 

nounced, as  in  Ursus  fossilis  and  U.  ferox,  than  in  U.  ardos. 
The  other  bones  referred  by  Carte  to  Ursus  ardos  are  an  atlas, 

2  cervical,  2  dorsal,  and  2  lumbar  vertebrae,  with  fragments  of  spinous 

processes  and  ribs.  JN'one  of  these  appear  to  me  to  present  mor- phological characters  of  importance.  As  regards  dimensions,  however,, 
they  represent  a  large  Bear,  as  compared  with  recent  species.  The 
atlas,  for  example,  gives  the  following  : — 

Height  of  the  arch  inferiorly,       .     .  .        l'i%-  inches. 
Vertebral  foramen,    1'8  x  1*5  inches. 
Anterior  articular  surface,       .     .     .  1*11  x  1-    inches. 
Posterior  articular  surface,       .     .     .  1-3  x  l*    inches. 

The  long  bones  agree  in  their  characters  and  dimensions  with  the 
usual  specimens  of  Ursus  fossilis,  but  the  femur  is  fully  an  inch  and 
a-half  shorter  than  the  Loch  Gur  specimen,  which  doubtless  belonged 
to  a  very  large  Bear.  As  compared  with  the  elements  of  a  skeleton  of 
an  aged  Grisly  in  the  Museum  of  the  Eoyal  College  of  Surgeons  of 
England,  they  indicate  a  much  larger  animal,  the  humerus  being  one 
and  a-half  inches,  the  femur  one  inch,  and  the  tibia  one  and  a-quarter 
inches  longer. 

These  ursine  remains  from  Shandon  cave  seem  to  me  referrible  to 

one  species,  and  are  indistinguishable  from  similar  parts  of  Ursus 
fossilis,  and  Ursus  ferox. 

4.  Two  crania  now  in  the  Museum  of  the  Philosophical  Society  of 
Leeds  are  stated  to  have  been  found  seven  feet  under  ground  in  a  cut- 

away bog  at  Ballymahon,  on  the  borders  of  Longford  and  West- 
meath.^^  The  teeth  and  mandibles  are  wanting  in  both.  The  skulls 
show  the  sockets  of  the  first  and  third  premolars.  The  zygomatic 
arcade  is  like  the  others  just  described,  and  the  posterior  nasal  open- 

ings are  also  of  the  same  character.     The  specimens  differ  considerably 

3"  Denny,  Journal    of  the   Geological  and  Polytechnic    Society   of  Yorkshire^ 
April,  1864. 
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in  size,  and  indicate  a  female  and  an  old  male,  as  surmised  from  the 

sagittal  ridge  and  frontal  triangle. ^^  The  larger,  although  greatly 
exceeding  the  dimensions  of  any  cranium  of  Ifrsus  ferox  or  Ursus  ardos 
with  which  I  have  compared  it,  is  three-fourths  of  an  inch  shorter 
than  the  Leitrim  skull ;  at  the  same  time  there  can  he  little  doubt  but 
that  all  the  three  belong  to  the  same  species. 

5.  A  cranium  without  mandible ;  No.  28, 906  of  the  Pala^ontological 
Collection  in  the  British  Museum  is  stated  to  have  been  found  "  seven 
feet  below  the  surface  in  alluvial  deposits  under  bog  oak  trees  at 

Clonbourne,  King's  County."^ 
A  portion  of  the  left  zygoma  is  lost.  The  two  canines  and  the 

fourth  premolar  and  first  and  second  true  molars  are  preserved  in  the  left 
maxilla,  and  the  ultimate  grinder  in  that  of  the  right  side.  The  mo- 

lars and  alveoli  show  indications  of  carious  disease.  The  skull  may  have 
belonged  to  an  aged  female,  or  a  small  male.  It  is  an  inch  and  three 
quarters  shorter  than  the  Leitrim  specimen,  with  which,  and  the  Shan- 
don  one,  it  agrees  in  the  cranial  characters  and  the  last  molar  ;  whilst 
the  fourth  p.  m.  is  also  biturbercular,  thus  correlating  all  their  points 
of  distinction. 

6.  A  cranium,  in  the  Museum  of  Science  and  Art,  Dublin,  was 

discovered  "in  cutting  away  a  new  channel  for  the  Boyne  above 
Leinster  Bridge,  in  the  county  of  Kildare."  Other  bones  are  stated 
to  have  been  found  at  the  same  time,  but  have  not,  however,  been 

preserved.^*  The  skull  is  dark,  and,  like  the  bones  from  the  deposits 
of  Loch  Gur,  contrasts  in  that  respect  with  the  other  skulls  from  the 
shell  marl  and  clays.  Moreover,  this  skull  is  much  smaller  than 
any  of  the  foregoing,  being  two  and  a-half  inches  shorter  than  the 
Leinster  cranium.  The  coronal  ridges  are  not  well  develoved,  and 
although  the  sutures  are  closed,  it  evidently  belonged  to  a  female  or 
adolescent  male.  The  zygomata,  incisors,  ultimate  true  molar,  to- 

gether with  the  first  and  third  of  the  right  maxillae,  are  wanting. 
The  alveolus  of  the  first  premolar  of  the  right  side  is  completely  obli- 

terated, which  is  not  by  any  means  common  unless  in  the  gigantic 
cave  Bear,  where  it  is  very  generally  absent. 

The  fourth  premolar  and  successional  molars  are  present  in  the 
right  maxilla,  and  are  not  much  worn.  The  last  molar  has  the  round 
posterior  portion  of  the  crown  slightly  contracted,  with  the  three 
cusps  on  the  outer  side  of  the  grinding  surface,  and  is  much  of  the 
same  size  as  in  TJrsus  fossilis  and  17.  ferox.  It  is  34  x  20  millimetres. 
The  contour  of  the  zygoma  cannot  be  ascertained,  but  the  posterior 
nares  are  wider  than  usually  noticed  in  Urstis  ferox.     This  cranium 

2^  Mr.  Denny,  from  such  obvious  discrepancies  in  the  cranial  ridges,  has  described 
them  as  specific  distinctions,  whereas  they  are  mere  conditions  relating  to  age 
and  sex. 

^*  Catalogue  of  the  Industrial  Exhibition  of  Dublin,  1853,  p.  152. 
^^  Wilde,  Proceedings  of  the  Royal  Irish  Academy,  vol.  v.,  p.  53,  A2}l}endix,  and 

vol.  vii.,  p.  192;  fig.  1. 
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has  been  supposed,  on  account  of  its  small  size  and  dark  colour,  to 
have  belonged  to  the  Ursus  aretos ;  but  although  smaller  by  a  good  deal 
than  the  usual  cranium  of  Ursus  fossilis,  it  is  equal  to  that  of  a  Grisly 
Bear,  with  which  it  is  closely  related  in  having  a  tricuspidated  last 
molar. 

Mr.  Busk,  F.E..S.,  referring  to  several  of  these  crania  in  his  Ee- 

port  on  Buxham  cave,^''  unhesitatingly  places  them  with  Ursus  fossilis 
sive  Ursus  fer  ox  fossilis,  and,  as  far  as  I  have  seen,  this  is  the  only  form 
represented  by  the  ursine  remains  hitherto  reported  from  Ireland. 
The  absence  of  the  Brown  Bear,  or  rather  of  any  cogent  evidence  of 

the  animal  either  in  a  fossil  state  or  historically,^^  is  noteworthy  as 
compared  with  the  Brown  Bear  of  Scotland  and  England.  But  the  rela- 

tionship between  Ursus  ferox  and  Ursus  aretos  is  very  close,  not  only  as 
regards  the  fossil  but  also  the  recent  individuals  ;  so  much  is  this  the 
case,  that  individuals  are  indistinguishable  by  external  appearances ; 
and  as  to  their  dentitions  and  osteologies,  Mr.  Busk  shows  in  his  very 

exhaustive  account  of  the  Quaternary  fauna  of  Gibraltar,^^  that  the 
ursine  remains  from  Genista  cave  indicate  that  they  belonged  to  a 

Bear  "  closely  related  to  Ursus  fossilis  sive  priscus,  or  to  a  form  inter- 
mediate between  it  and  the  Urstis  aretos  var.  isabellinus.''^  Indeed  no 

recent  carnivore  presents  more  well-marked  varieties  than  the  Ursus 
aretos,  as  differentiated  by  external  colouring,  but  the  isabelline  variety 
of  the  Himalayas  and  Turkestan  presents  a  more  warty  or  porcine- 
like  grinding  surface  of  its  molars  than  is  ordinarly  observed  in  the 
species  elsewhere.  This  condition,  I  have  no  doubt,  from  extensive 
observations  of  the  above  variety  in  its  native  haunts,  is  the  result  of 

altered  conditions  -of  life ;  inasmuch  as  the  isabelline  Bear,  unable 
to  capture  the  agile  animals  of  the  Alpine  regions  it  frequents,  is 
driven  to  subsist  almost  entirely  on  roots  of  plants,  and  other  vegetable 
food ;  hence  its  timidity  as  compared  with  the  Ursus  ferox,  which  still 

continues  to  follow 'the  Bison. 
How  far  the  wider  posterior  nares  in  the  Brown  Bear,  as  compared 

with  Urstis  ferox,  and  in  particular  Ursus  spelmis,  may  be  the  result 
of  natural  selection,  giving  a  more  extended  surface  for  smell,  on 
which  the  recent  Brown  Bear  depends  almost  entirely  in  discovering 
the  presence  of  his  most  deadly  enemy,  and  also  in  supplying  a  con- 
<lition  favourable  for  free  respiratory  action,  under  the  trying  circum- 

stances in  which  the  animal  is  now  placed,  is  a  point  on  which  it 
seems  to  me  one  is  free  to  speculate,  when  we  come  to  consider  the 
severe  struggles  for  existence  to  which  an  omnivorous  plantigrade 
like  the  tardy  Bear  has  been  subject  to  throughout  the  Tertiary  Epoch. 

3S  Philosophical  Transactions,  vol.  clxiii.,  p.  632. 

s''  Bede,  obiit  735,  a.  d.,  asserts  that  the  Wolf  and  Fox  vere  the  sole  large  car- 
nivora  of  Ireland.  St.  Donatiis,  obiit  840,  a.u.,  writes  '■'■  ursormn  rabies  nulla  est 
ibi ;''''  and  Sylvester  Jerald  Barry  does  not  mention  the  animal. 

38  Transactiotis  of  the  Zoological  Society,  London,  vol.  x.,  p.  65.  See  also  Allen, 
■0}}.  bit.,  p.  334. 
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The  "Wolf  (Cam's  hpus). 

The  "Wolf  is  included  among  the  Irish  pleistocene  Mammals,  as 
shown  by  the  discovery  of  bones  and  teeth  in  Shandon  cave  along 

with  the  Mammoth,  Eeindeer,  Horse,  &c.^^  It  vs^as  only  exterminated 
at  the  beginning  of  last  century.''" 

Yulpine  remains  identical  with  the  recent  Fox,  C.  viilpcs,  were 
found  in  Shandon  cave  with  the  foregoing  and  the  other  extinct 
mammals  already  enumerated.  I  found  its  teeth  and  bones  also  in 
the  more  superficial  deposits,  accompanied  by  bones  of  Horse,  Rein- 

deer, Red  Deer,  Hare,  &c. 

Alpine  Hake  {Lepus  variabilis). 

A  cranium  and  several  bones  of  a  Hare  found  in  Shandon  cave,  along 
with  vertebrae  and  molars  of  the  mammoth,  show  shorter  and  stouter 

shafts  of  the  long  bones  than  appear  in  the  fossil  Hares  from  Kent's 
Hole,  and  the  recent  Lepus  timidus,  which  is  not  known  to  have  been 
indigenous  to  Ireland.  The  probability  therefore  is  that,  as  the 
same  parts  of  Lepus  varialiUs  display  similar  characters,  and  the  so- 
called  variety  L.  Hiherniciis  being  the  Hare  of  the  island,  it  has  ap- 

peared to  me  that  the  above  might  belong  to  the  latter.^^  Traces  of 
the  teeth  of  a  Rodent  of  about  the  dimensions  of  a  Rat  were  evident 
on  the  Mammoth,  and  other  remains  from  the  cave  of  Shandon,  but 
none  of  its  remains  were  found. 

A  comparison  of  the  Irish  and  Scotch  lists  of  Post-tertiary  mam- 
mals shows  an  absence  in  Ireland  of  the  Elk,  Roebuck,  Urus,  Beaver, 

Hare,  Water  Rat,  Red  Field  Yale,  Meadow  Mouse,  Common  Shrew, 
and  Mole. 

The  Bear  of  Scotland  was  presumably,  and  very  probably,  the 
Ursus  arctos,  but  none  of  its  remains  have  been  preserved  ;  consider- 

ing, however,  its  affinities  to  Ursus  fossilis,  the  absence  of  the  Brown 
Bear  from  the  Irish  fauna  is  not  very  important.  The  Wild  Cat, 
Weazel,  and  Foumart  are  also  absentees. 

As  compared  with  England  and  Wales,  there  is  a  marked  absence 
in  both  Scotland  and  Ireland  of  the  two  species  of  Rhinoceros,  Hip- 

popotamus (?),  Bison,  Musk  Sheep,  and  ancient  Elephant,  pouched 
Marmot  Pika,  Lemmings,  Dormouse,  Scandinavian  Yole,  Champagnol, 
The  Lion,  Sabre-toothed  Lion,  Panther,  Lynx,  Caffre  Cat,  Arctic  Fox, 
Spotted  Hyasna,  Gkitton,  and  gigantic  cave  Bear. 

It  is  important  to  observe  that  all  the  living  and  extinct  mammals  of 
Ireland,  with  the  exception  of  the  Ursus  fossilis,  have  been  recorded 
also  from  Scotland ;  that  is  to  say,  there  is  no  mammal,  recent  or  lost, 
in  the  island  which  is  not  also  found  in  Scotland. 

23  Author,  Transactions  of  the  Royal  Irish  Academy,  vol.  xxvi.,  p.  227. 

*°  The  "Wolf  was  exterminated  in  1710,  and  was  very  plentiful  ia  1652 ;  Smith's History  of  Kerry,  173  ;  Champion,  Lombard,  &c.,  &c. 
^1  Adams,  Transactions  of  the  Eoyal  Irish  Academy,  vol.  xxvi.,  p.  228. 
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To  the  alDsence  of  the  Lions,  Panther,  Spotted  Hyeena,  and  gigan- 
tic cave  Bear  may  he  owing  the  seeming  prevalence  of  the  Irish  Elk 

in  Ireland  ;  but  at  the  same  time  it  is  important  to  hear  in  mind  that 
the  quantities  of  remains  of  this  ruminant  have  been  obtained  under 
conditions  clearly  indicating  that  the  individuals  had  been  drowned  in 
lakes  which,  during  the  Post-glacial  Period,  must  have  been  extremely 
plentiful  throughout  Ireland,  whose  physical  aspect  would  have  been 
then  inimical  to  such  as  the  Marmot,  Lemmings,  Pika,  Bison,  and 
Urus,  which  delight  in  broad  pastures  and  grassy  uplands. 

But  the  probability  is,  that  the  migration  came  from  Scotland, 
and  that  there  was  a  land  communication  between  the  two  countries 

at  the  close  of  the  Glacial  Period,  by  which  the  greater  portion  of  the 
mammals  that  had  found  their  ways  to  Scotland  crossed  to  Ireland. 
Irrespective  of  the  soundings  between  northern  Ireland  and  south- 

western Scotland,  there  is  evidence  of  the  remains  of  the  Mammoth, 
Ti,eindeer,  Irish  Elk,  and  Horse  having  been  found  in  similar  deposits 
in  Ayrshire,  Renfrewshire,  Lanarkshire,  and  bed  of  the  Clyde.  The 
Irish  Elk  has  been  found  in  the  Isle  of  Man,  and  a  jaw  and  teeth  of 

■the  Mammoth  in  the  harbour  of  Holyhead,  whilst  on  the  other  hand 
the  caves  of  Glamorganshire  have  produced  nearly  all  the  English 
Post-glacial  mammals  not  met  with  in  Scotland  or  Ireland ;  conse- 

quently, if  an  uninterrupted  land  communication  existed  between 

south-western  England  and  "Wales,  and  Ireland,  at  the  close  of  the 
Glacial  Period,  we  should  expect  to  find  remains  of  these  character- 

istic mammals,  Avhich  is  not  the  case.  Again,  the  animals  we  do  find 
are,  for  the  most  part,  vagrant  species  such  as  the  Horse,  Mammoth, 

Reindeer,  Bed  deer.  Bear,  Wolf,  and  Eox,'*^  so  that  the  severance  took 
place  before  the  slow  travelling  Mole  Beaver,  the  forest-haunting  Elk 
and  Roebuck  had  time  to  arrive.  It  has  been  suggested  by  my  friend 

Professor  Hull,  E.  R.  S.,*^  that  there  may  have  been  a  narrow  channel 
between  the  islands,'  and  that  the  mammals  swam  across,  or  arrived 
on  ice-rafts  :  but  looking  over  the  list  of  the  fauna  of  Ireland,  it  seems 
to  me  that  nothing  short  of  a  direct  land  imion  will  meet  the  require- 

ments of  the  case. 

Excluding  the  Cetacea,  marine  Carnivora,  and  the  Chieroptera,  it 
will  be  found  that  out  of  twenty-eight  recent  species  affecting  England 

and  "Wales,  twenty-six  are  indigenous  to  Scotland,  and  fifteen  to  Ire- 
land ;  whereas  of  thirty-two  extinct  species  hitherto  recorded  for  Eng- 
land and  Wales,  ten  have  been  found  in  Scotland,  and  only  seven  in 

Ireland. 

*^  According  to  Thompson,  out  of  eleven  British  Amphibians  and  Reptiles,  only 
iive  have  been  foiind  in  Ireland,  including  the  AgUe  Lizard,  tAYO  Tritons,  and  two 
Frogs,  and  about  the  same  proportion  characterises  the  lower  groups,  to  wit,  the 
air-breathing  Mollusks  and  land  Arthropoda. 

43  "Presidental  Address,"  Journal,  Eoyal  Geological  Society  of  Ireland,  1875, 
vol.  iv.,  (N.  S.),  p.  52. 
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'XVII.   Ojf  THE  FoElSIATIOIv"  A^D  COMPOSITION  OF    SOME  CoMPIEX  OxiDES 

OF  CoBAXT  AND  jS'ickel.      By  Thomas  Batlet,  Associate  Boyal College  of  Science,  Ireland. 

[Read,  June  25,  1877.] 

"While  preparing  standard  solutions  of  nickel  and  cobalt  salts  for  the 
purposes  of  a  research  on  the  colorimetric  relations  and  on  the  colori- 
metric  estimation  of  those  metals,  I  was  endeavouring  to  use  a  modifi- 

cation of  the  method  of  estimating  nickel  and  cobalt,  indicated  by 
Bunsen^  depending  for  their  determination  on  the  iodine  liberated  by 
the  higher  oxides  of  these  metals  in  contact  with  hydrochloric  acid, 
and  potassium  iodide.  The  method  was  as  follows  : — The  solution  of 
the  nickel  or  cobalt  salt  was  made  alkaline  by  soda  and  then  mixed 
with  excess  of  sodic  hypochlorite  obtained  by  the  action  of  cold 
•dilute  sodic  carbonate  on  fresh  bleaching  powder. 

After  allowing  the  slightly  warm  solution  of  nickel  or  cobalt  to 

stand  some  time,  so  as  to  ensui'e  complete  oxidation,  the  temperature 
was  raised  until  brisk  effervescence  ensued,  and  the  solution  allowed 
to  remain  at  that  temperature  until  the  excess  of  hypochlorite  was 

decomposed.  "When  the  evolution  of  oxygen  had  ceased,  the  liquid was  boiled  for  about  half  an  hour.  I  found  that  by  tliis  process  it  is 
easy  to  destroy  all  matter,  except  the  oxide,  capable  of  liberating 
iodine  on  treatment  with  potassic  iodide  and  hydrochloric  acid.  The 
solution  having  been  cooled,  it  was  mixed  with  excess  of  potassic 
iodide,  and  then  with  enough  hydrochloric  acid  to  dissolve  the 
suspended  oxide.  The  liberated  iodine  was  then  estimated  by  a 

standard  sokition  of  sodic  thiosulphate  (IS'as  So  O3). In  the  first  experiments  I  used  a  standard  solution  of  nitrate 
of  nickel,  and  calculated  the  nickel  from  the  iodine  set  free  according 

to  the  following  equation : — 

Ni.  O3  +  6HC1  =  2M  CI2  +  CI2  +  3H3O. 

The  results  were  not  satisfactory,  as  will  be  seen  from  the  following 
Table :— 

Nickel  used. Mckel  found 

grams. 
grams. 

•1570 

•1437 

•1570 

•1580 

•1570 

•1465 

•1570 

•1568 

•1570 

•1639 

•1570 

•1541 

1  Ann.  Ch.  Pharm.  Ixxx\a.  265. 
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Beside's  these  analyses  there  were  several  which  yielded  a  far  less 
quantity  of  nickel.  The  same  method  was  then  applied  to  cobalt^ 
with  this  difference,  that  the  solution  was  boiled  only  for  a  few 
minutes,  as  I  found  that  length  of  time  sufficient  for  the  decomposition 
of  the  last  traces  of  hypochlorite.  The  amounts  of  iodine  liberated 
were  much  greater  than  would  be  due  to  the  oxide  Coo  O3,  while  they 

agreed  perfectly  with  an  oxide  C03  O5,  thus : — 

Cobalt  used, 

grams. 

Iodine  liberated. 

grams. 

Theory  of  Iodine for  C03O5. 

grams. 
•186-5 

•5338 

•5343 

•1865 

•5380 

•5343 

•    •1865 

•5328 
•5343 

I  now  repeated  the  experiments  with  nickel,  taking  care  to  boil 
the  liquid  only  a  minute  or  two.  In  one  or  two  instances  it  was  not 
boiled,  but  the  precipitate  filtered  off  and  washed.  The  results  were 
as  follows : — 

Mctel  used, 

grams. 

Iodine  liberated, 

grams. 

Theory  of  Iodine for  NisOs. 

gTams. 

•1570 

•4428 

•4521 

•0785 

•2263 

•2260 

•1835 

•5318 

•5284 

•1570 

•4490 

•4521 

"With  a  mixture  of  -1863  gram,  cobalt,  and  ̂ 1835  gram,  nickel : — 

Iodine  foimd. 

gi-ams. 1-0532 

Theory  for  Iodine  due 
to  Ms  O5  &  C03  Oa- 

grams. 

1^0627 

In  the  last  case  the  oxides  were  not  boiled,  but  the  solution  was 
allowed  to  stand  over  the  steam  bath  for  a  few  hours. 

"With  solutions  of  known  quantities  of  nickel,  I  now  made  the 
following  experiments.  The  solution  with  the  suspended  oxide  was 
boiled  for  some  hours. 
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ickel  used. Iodine  found. Theory  of  Iodine 
for  Nis  O4. 

grains. grams. 
grams. 

•1835 
•2009 

•2642 

•1835 
•1812 

•2642 

•1835 
•2321 

•2642 

.1835 

•3310 
•2642 

•1835 

•2830 
•2642 

•1835 
•3765 

•2642 

•1835 

•1069 
•2642 

In  the  last  experiment  the  solution  was  boiled  for  a  few  days. 
A  quantity  of  cobalt  nitrate  was  now  mixed  with  soda  and  sodic 

hypochlorite,  and  allowed  to  stand  in  a  warm  place  until  effervescence 
had  ceased.  The  precipitated  oxide  of  cobalt  was  then  well  washed 
with  warm  water  and  dried,  till  constant,  under  the  air  pump,  over 
strong  sulphuric  acid. 

A  sample  of  this  oxide  was  then  submitted  in  succession  to  various 

temperatures.     The  results  were  as  follows  : — 

grams. 
grams. Oxide  taken,     . 

•9278 

(C03O5,  4H3O). 

Oxide  dried  at  100°  C,  . 

•8760 

Theory  for  C03O5,  SH.O, .    -8770 

„         „       „  138°  C,  . 

•8223 

„        „    C03O5,  2HA 
.   -8263 

„         „       „  310°  C,  . 

•7548 

„        „    C03O5,    H,0, 
.   -7756 

After  this  experiment  there  was  an  appearance  of  change  on  the 
surface  of  the  oxide. 

grams.  grams. 

Oxide  after  ignition  to  redness,  .  -6840     Theory  for  C03O4,  .  '6798. 

Another  portion  of  the  same  sample : — 

grams.  grams. 

Oxide  dried  at  100°  C,  .     -4070         (^CosOs,  3HoO). 

Oxide  after  ignition  I     _     .3^25        Theory  for  C03O,,     -3154. to  redness,  ) 

Another  sample  prepared  in  the  same  way,  but  left  longer  over  the 
air  pump : 

grams. 
Oxide  taken  dried  over  II2SO4     .     -7083. 

The  oxide  was  now  heated  to  low  redness  in  a  tube  in  a  current  of 

K.  I.  A.  PROC,  SEE.  II.,  VOL.  III. — SCIENCE.  I 
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dry  oxygen,  and  the  "svater  given  off  collected  in  a  tube  filled  ■u'ith 
calcium  cMoride.  The  oxide  was  afterwards  ignited  to  bright  redness 
in  air. 

Calcium  chloride  tube, 

Calc.  chl.  tube  +  water, 
grams. 

65-3250 
65-4680 

•1430 -OH, 

Oxide  after  ignition  in  the  tube, 

Oxide  after  ignition  in  air, 
grams. 

•5493 

•5293 

The  results  of  this  experiment  are  compared  below  with  the  theory 
for  C03O5,  4H0O.  For  a  reason  which  will  be  seen  further  on,  I  have 
added  the  theory  for  Co.Os,  SH.O. 

Theory  for  ( :030.3,  4H2O FoTind. Error. 

grams. grams. grams. 4H2O,      . ,     -1549 

-1428 

.     -^012 
C03O5,      . ,     -5534 

•5493 

.     --004 
C03O4,      . .     -5190 

Percentages. 

•5293 

.     +-013 

C03O3, 
4H2O. Foimd. C02O3,  3H2O 

OH3,      . 21-86 20^16 24-54 

C03O4,   . 73-27 

95-13 

74-68 73-05 

94-84 97-59 

"Winkelbleck  obtained  an  oxide  in  the  same  way  as  I  prepared  my samples,  only  that  he  boiled  his  with  strong  potash  before  washing  it. 
He  dried  his  oxide  over  strong  sulphuric  acid.  According  to  him,  the 
formula  is  C02O3,  SH^O.     His  results  were  as  follows  : — 

Per  Cent. 

(1) 

Per  cent. Theory. 

2Co,      . .     53-83 53-93 53^64 30, 

.     2r62 21-46 2r82 

3H.0,  . 
.     24-26 

24-61 24-54 
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The  question,  which  is  the  true  formula  of  the  oxide  I  obtained,  is 
determined  by  the  amount  of  iodine  liberated  by  the  oxide  on  treat- 

ment with  potassic  iodide  and  hydrochloric  acid.  According  to  the 

formula  Coo  O3  3  H2O,  there  should  be  liberated  -402  gram  by  '1865 
gram  of  cobalt;  according  to  the  formula  C03O5,  4  HoO,  -5343  grams 
should  be  liberated.  I  found  in  three  experiments  "SSSS,  -5380,  and •5328. 

When  the  oxide  C03O5,  4  HoO,  obtained  as  described  above,  is 
boiled  for  an  hour  or  two  in  the  solution  in  which  it  is  precipitated, 
and  the  amount  of  iodine  liberated  then  estimated,  the  result  points  to 
the  formation  of  the  oxide  C010O19  intermediate  between  C03O5  and 
C00O3. 

Co.  taken. Theory  of  I. C03O5 for Theory  of  I. C02O3 for 
Found. 

gram. 
gram. 

gram. 
gram. 

■1865 
•5343 

•4007 

(1) 

•453 

Mean. (2) 

•463 

•4676 

(3) 

•462 

Theory  for  C012O19 
lod. 

Found, 

gram. 
•0620 

•1566 

gram. 

•1556 

In  the  last  experiment  a  fresh  solution  of  cobalt,  and  a  fresh  solu- 
tion of  potassium  bichromate  (to  standardise  the  thiosulphate),  were 

used. 

A  quantity  of  the  oxide  of  cobalt  prepared  by  precipitating  with 
potash  and  sodic  hypochlorite,  and  hoiling  for  some  hours,  then  washing 
and  drying  over  sulphuric  acid  in  vacuo,  was  submitted  to  a  current  of 
air  at  a  low  red  heat,  and  the  water  collected  and  weighed  in  a  calcium 
chloride  tube.     The  oxide  was  afterwards  ignited  to  bright  redness  in 

Oxide  dried  over  H2SO4,  -7455 

Oxide  after  ignition  in  tube  (C012O19),  -6255 

Oxide  after  ignition  in  air  (CosOi),  ^5975 
Calcium  chloride  tube  +  OH2,  65^5900 

Calcium  chloride  tube,  65-4645 •1255  =  OH, 

i2 
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Theory 

for  C012O19,  11  HoO. 
Found. 

grains. 
grams. 

0H2 

•1218 

■1255 

C01301, 

■6236 

•6255 

CosOi 

•5940 

Percentage. 

•5975 

Theory 
forCoi20i9,  IIH3O Found. 

OHo 16-34 16-83 
C010O19 83-65 83^90 

On  attempting  to  prepare  I^iaOg  in  the  dry  state  by  precipitating, 

■washing,  and  drying  in  vacuo,  I  found  that  the  moist  precipitate  gave 
off  oxygen  as  soon  as  the  liquid  in  which  it  was  precipitated  was  re- 

moved. The  moist  precipitate  was  allowed  to  stand  some  days,  and 
then  left  over  the  air  pump  for  about  a  week,  in  order  to  allow  time 
for  this  change  to  be  complete.  Owing  to  some  interruption,  I  have 
as  yet  had  time  to  prepare  only  one  sample  by  this  means.  The  results 
of  the  analysis  agree  closely  with  the  formula  NisOn,  9  H2O,  one-ninth 
of  the  water  being  lost  at  100°C. 

Dried  over  H-SO 

Dried  at  100°C 

Oxide  taken. Theory  of  Iodine  for 
NisOii,  9  H2O. 

Found. 

grams. grams. 
grams. ;0i    -1705 

•1607 

•1661 

■2012 
•1896 

•1895 

•2375 
•2238 

•2243 

Oxide  taken. Theory  of  Iodine  for 

MsOii,  9  H2O. 

Found. 

grams. grams. 
grams. 

!.        -2080 

•2005 
•2026 

The  water  in  this  oxide  was  determined  by  igniting  the  oxide  in  a 
platinum  boat  in  a  combustion  tube,  and  weighing  the  water  lost  by 
means  of  a  calcium  chloride  tube. 

Oxide  taken, 

grams. •8723  , 

Theory  for 
NigOn,  9  H2O. 

•1748  grm.  OHj 

Found, 

grams. 

•1775 

OHo 

Per  Cent. 

20^039 
20^34 
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Per  Cent. 

Theory  for  NigOn,  9  H2O. 
Found. 

grams. 
grains. 74-02 

(1) 74-15 
(2) 74-29 

MO 

Summary. 

Under  the  influence  of  the  hypochlorite  solution  nickel  and  cobalt 
form  the  oxides  NisOs  and  C03O5.  On  boiling  the  liquid  containing 
CogOg  it  loses  oxygen,  and  passes  to  the  form  CoijOig,  intermediate  be- 

tween C02O3  and  C03O5.  Under  similar  circumstances,  M3O5  appears 
to  decompose  without  forming  stable  lower  oxides,  although  it  is  pro- 

bable from  the  results  that  the  f onnation  of  NioOa  is  a  stage  in  the  pro- 
cess. The  oxides  C03O5  and  C012O19  appear  to  be  stable  at  a  low  red 

heat ;  they  are  distinguished  from  C03O4  by  a  slight  difference  of  colour. 

C03O3  has  the  following  hydrates  : — 

C03O5,  4  H3O  (dried  over  H.SOi), 

C03O5,  3  H2O  (dried  at  lOO^C), 

C03O5,  2  HoO  (di-ied  at  138T), 
and  probably, 

C03O5,  HoO  (dried  at  SOO^C). 

MsOs  decomposes  while  still  moist  when  its  precipitating  liquid  is 
removed  by  washing.  In  the  one  experiment  which  was  made,  the 
resulting  dried  compound  agreed  closely  with  the  formula  NisOn, 
9  H2O.  I  have  found  that,  when  C03O5,  4  HoO  is  treated  with  cold 
dilute  nitric  acid,  part  is  dissolved  with  evolution  of  oxygen,  and  that 
part  remains  insoluble.  I  hope,  in  a  future  Paper,  to  give  the  results 
of  some  similar  experiments  undertaken  for  the  purpose  of  determining 
the  proximate  constitution  of  these  oxides. 

It  may  at  first  sight  appear  that  the  formula  CojoOig  is  inadmissible 
on  account  of  its  complexity,  but  as  the  iodine  method  clearly  shows 
that  the  oxide  is  exactly  intermediate  between  C03O5  and  C00O3,  and  as 
the  formula  C012O19  is  the  simplest  formula  for  such  an  oxide,  it  would 
seem  that  we  must  accept  it,  especially  when  we  consider  the  tendency 
of  cobalt  to  form  compounds  vieing  in  complexity  with  many  of  the 
products  of  organic  chemistry.  It  may  be  that  the  application  of  the 
iodine  method  to  the  examination  of  the  oxides  of  other  metals  would 

lead  to  the  acceptance  of  formulae  more  complex  than  those  now  admit- 
ted. The  two  oxides  of  cobalt  described  in  this  Paper,  and  indeed 

other  oxides  of  cobalt,  may  be  represented  graphically  by  rings  some- 
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what  analagous  to  the  Tvell-known  beazine  ring  of  the  aromatic  car- 
hon  compounds.     Thus  : — 

Co 
/   \ 

0      0 

/  \ 

C03O5  =  Co— 0— Co  =  Co"0,  2  Co'^0, 
W  11 
0  0 

0  0 
II  II 

Co— 0— Co— 0— Co 
/  \ 
0  0 
/  \ 
Co  Co  =  0 
/  \ 
0  0 

0  =  Co  Co 

Coio0i9=  0  O    =5Co'0,  7Co   Oo / 
Co  Co  =:  0 
\  / 
0  0 
\  / 
Co-0-Co-0_Co 
II  II 

0  0 

This  investigation  was  conducted  in  the  Chemical  Laboratory  of 
the  Eoyal  College  of  Science,  Ireland. 
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XVIII. — Os  THE  AiBTjMiNorD  Mattees,  Axcohol,  and  Phosphates,  ix 

THE  BraTON  AiEs  AJVD  IN  DuBLEsr  PoKTEE.  By  Regej-ald  Laav- 
EENCE  and  C.  AV.  Reixly,  Associates  of  the  Royal  CoUege  of 
Science. 

[Read,  June  25,  1877.] 

The  two  kinds  of  malt  liquor,  Burton  Ale  and  Dublin  Porter,  are  so 
largely  consumed  at  the  present  time,  that  it  appeared  to  us  desirable 
to  have  the  three  classes  of  Dublin  porter,  as  manufactured  by  Messrs. 

Arthm'  Guinness  &  Son,  and  the  Burton  ales,  manufactured  by  the 
two  most  noted  brewers,  Messrs.  Bass  and  Allsopp,  examined  Tinder 
the  same  conditions. 

The  samples  of  the  Burton  ales  examined  we  obtained  from  Messrs. 
Palkner,  of  this  city,  and  we  are  greatly  indebted  to  the  kindness  of 
Messrs.  Arthur  Guinness  &  Son  for  supplying  us  with  the  samples  of 
porter  we  required  for  our  investigation. 

"We  confined  our  examination  to  the  estimation  of  the  principal 
constituents : — the  phosphoric  acid  existiag  in  the  form  of  phosphates, 
the  albuminoid  matter  and  alcohol,  together  with  the  acetic  acid,  the 
total  amount  of  solid  matter,  and  the  specific  gravities  of  the  different 
samples. 

The  phosphoric  acid  was  determined  in  the  ash  by  a  standard  solu- 
tion of  acetate  of  uranium ;  in  the  estimation  of  the  albuminous  matter, 

acetic  acid,  alcohol,  and  total  solids,  we  followed  the  plans  given  by 
Messrs.  Jackson  and  Wonfor.^ 

We  may  add  that  the  quantity  of  albuminous  matter  was  deter- 
mined by  first  finding  the  amount  of  nitrogen  by  Will  and  Varren- 

trapp's  method,  and  then  taking  15-92  parts  of  nitrogen  as  equal  to 
100  parts  of  albumen. 

Our  investigations  show  that  some  of  the  principal  elements  of 
nutrition  are  present  in  larger  quantities  in  the  Foreign  and  ordinary 
Dublin  Double  stout  than  in  the  Burton  ales. 

This  investigation  was  carried  on  in  the  Laboratory  of  the  College 
of  Science,  under  the  direction  of  Professor  Galloway. 

The  following  are  the  quantities  of  the  substances  we  estimated, 

•expressed  in  grains  per  gallon  : — 

^  Messrs.  Jackson  andWonfor  "On  the  Composition  of  the  Dublin  Porter." — 
Journal  of  the  Royal  JJublin  Society,  vol.  iii.,  page  163. 
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XIX. — CoMPrrTATioN  OF  Tldes  at  Fleetwood. — Eesults  of  Theoet 

AND  Obseetatiojst.  By  James  Peahson,  M.  A.,  Ex-Scholar  (ISth 
Wrangler),  Trinity  College,  Cambridge. 

[Eead,  November  12,  1877.] 

In  resuming  the  consideration  of  the  subject  of  the  tides,  it  is  not  my 
intention  to  enter  at  any  greater  length  into  the  theory  which  has  pro- 

duced results  so  closely  ia  accordance  with  observation :  it  is  sufficient 
for  me  to  make  some  remarks  on  the  principal  cause  of  such  discrepan- 

cies as  are  found  to  arise  where  tables  have  been  used  which  are  based 

upon  that  theory — and  amongst  these  disturbing  influences,  the  pres- 
sure of  the  atmosphere  ranks  foremost.  A  very  simple  process  may  be 

employed  to  establish  this.  It  is  found  that,  in  the  same  month,  but 
in  different  years,  the  same,  or  nearly  the  same,  constituents  have  to 
be  employed  in  computing  a  tide ;  and  as  like  causes  produce  like 
effects  in  nature,  the  resulting  tide  ought  to  be  the  same  in  both  cases. 
Eut  it  is  not  so,  and  the  variation  is  found  to  depend  on  the  height  of 
the  mercury  in  the  barometer,  or,  more  correctly,  on  the  magnitude 
and  direction  of  the  gradients  indicated  in  the  weather  reports  issued 
in  the  newspapers.  Another  disturbing  element  is  that  which  depends 
on  the  suddenness  with  which  the  pressure  shifts  its  direction.  Thus, 
a  south-east  wind  rapidly  changing  into  a  south-west  wind  causes  an 
unusual  elevation  of  the  level  of  the  Irish  Sea.  Two  examples  may 
serve  by  way  of  illustration.  In  the  first  case  there  are  exhibited 
two  tides  which  have  very  nearly  the  same  constituents,  and  which, 
in  consequence  of  the  atmospheric  conditions  being  the  same,  give  re- 

sults both  agreeing  with  observation.  The  heights  are  given  in  feet 
and  inches. 

Case  I. 

Moon's  Transit,  B, 
Corr.  for  Anti-lunar,   . 
Moon's  Hor.  Parallax, 
Anti-lunar  Declination, 
Solar  Declination, 

1876,  Sept.  3,  Morning  Tide, 
Anti-lunar  and  Solar. 

39 

.54' 

18° 

ft.    in. 
25     5 

+  1 
45"  -  7 
12']Sr.des.    -7 
8°  N.  +4 

1877,  Aug.  23,  Morning  Tide, 
Anti-lunar  and  Solar. 

24  8  obs,  24     8 

Bar.  29  9.    No  wind. 

d. 21 

54' 
20° 

35 

ft. 

25 4 

+    1 

3"  -  11 

41'N.  des.     -10 
12°  N.  -I-    4 

24  0  obs.  24     0 

Bar.  29-8.     No  wind. 
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Case  II. 

Moon's  Transit  B, 
Corr.  for  Lunar,      .     . 

Moon's  Hor.  Parallax, 
Lunar  Declination, 
Anti-solar  Declination, 

1876,  Sept.  10,  Morning  Tide, 
Lunar  and  Anti-solar. 

1877,  Aug.  21,  Morning  Tide, 
Lunar  and  Anti-solar. 

d.      h.    m.              ft.    in. d. h.      m.          ft.       in. 
8     3     30           23     2 

29 

3     50             22     8 

+  5 

+  5. 

57'     53"  4-           4-7 55 50                      -3 
20"       0'  JST.  asc.    -  4 

19° 

23'  N.  asc.        -  2 
5°  S.                   +5 

9" 

23
 S.                       +4 

24     3  obs.         24     3 7  obs.          22     11 

Bar.  29-7.    No  wind. Bar 
29'6,  WindN.W., strong. 

It  is  to  be  observed  that,  in  Case  II.,  although  the  tide  of  Sep- 
tember 10  has  almost  all  its  constituents  more  favourable  to  its 

development  than  those  of  August  31,  still,  in  consequence  of  the 
atmospheric  conditions,  a  higher  tide  results  in  the  former  case  than 
in  the  latter. 

In  the  computation  of  tides,  the  first  thing  which  is  of  importance 
is,  that  we  assign  to  each  tide  its  proper  classification.  The  transit 
which  is  to  be  employed,  as  a  sort  of  standard  transit  from  which 
tides  are  to  be  calculated,  is  the  transit  nest  but  two  preceding  that 
transit  which  is  nearest  to  the  time  of  high  water  of  the  tide  con- 

sidered. This  transit  is,  in  fact,  the  transit  B  of  Sir  John  Lubbock's 
Tables.  The  rule  for  determining  the  classification  for  the  tides  of 

the  Irish  Sea  is  as  follows  : — "Lower  transits  B  are  followed  by 
lunar  tides,  and  upper  transits  B  by  Anti-lunar  tides.  All  transits  B 
which  take  place  between  23^  hours,  and  11^  hours  (apparent  Green- 

wich time),  give  morning  tides;  and  all  between  11^  hours,  and 
23^  hours  (apparent  Greenwich  time),  give  evening  tides.  All  transits 
B,  after  6  hours,  and  before  18  hours,  are  connected  with  solar  tides; 
and  all  transits  B,  after  18  hours,  and  before  6  hours,  with  anti-solar 

tides." A  tabulated  comparison  of  the  results  of  theory  and  observation  is 
appended,  with  remarks  on  the  atmospheric  conditions  in  explanation 
of  such  discrepancies  as  are  found  to  occur  in  them. 



Pearson — On  the  Computation  of  Tides  at  Fleeticood.      113 

Taeuiated  Results. 

Date. 

Morning 

and 
Evening 

Calcula- 
tions. 

Observa- tions. 

Eemarks. 

Barom.  and  "Wind. 

1876. ft.  in. ft.  in. 

August  8 M. 
26-7 

25-10 30-1,  S.  W. 
E. 

25-2 24-5 9 M. 

26-5 

25-10 30-1,  W. 
E. 

25-7 24-7 10 M. 

26-2 25-5 
301,  W.N.  W. 

E. 23-11 
23-7 11 M. 

25-4 24-9 
30-3,  E.  S.  E. 

E. 
23-3 23-3 12 M. 

24-1 23-9 

30-2,  E.SE. 
E. 

22-5 
22-4 

13 M, 

23-0 

22-10 30-0,  E.  S.  E. 
E. 2M 

21-6 14 
M. 

21-5 21-7 
30-0,  W. 

E. 

20-3 20-5 
15 M. 

20-11 
21-1 

30-0,  K  W. 
E. 

21-0 
21-0 

16 M. 

21-8 21-9 

30-0,  E. 
E. 

22-6 
22-6 

17 
M. 

23-4 23-3 
30-0,  E.  S.  E. 

E. 24-10 24-10 18 M. 
25-6 

25-4 

29-9,  E.    . E. 

26-8 26-7 19 M. 26-10 
26-7 

29-9,  E.S.E. 
E. 

28-2 28-2 
20 M. 

E. 
28-0 

27-9 

29-8,  N.  E. 

21 M. 

29-2 29-0 
29-9,  E.  S.  E. E. 

28-3 
27-9 

22 M. 

29-1 28-9 

29-9,  W.  N.  W. 
E. 

27-9 27-8 
23 M. 

28-5 
28-4 

29-8,  W.  N.  W. E. 
26-10 

26-9 
24 M. 

26-9 
26-11 29-8,  W.  N.  W. 

E. 
25-3 

25-8 
25 M. 

24-9 24-7 
30-0,  K  N.  E. E. 

23-5 23-5 
26 M. 

22-10 

23-2 

30-0,  S.  W. 
E. 

21-4 22-6 
Strong  ̂ vind,  S.  W.  gale. 27 

M. 
20-9 21-6 

29-1,  W. 
E. 

19-9 19-9 
28 M. 

19-1 
18-11 29-8,  S.S.W. 

E. 

18-9 
19-4 

Wind  high. 
29 M. 

18-5 
19-9 

29-5,  W. 
E. 

19-1 19-4 
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Date. 

Morning 

and Calcula- Observa- 
Eemarks. 

Evening. tions. tions. 

Barom.  and  "Wind. 

1876. ft.  in. ft  in. 

Aug.    30 M. 18-10 

19-3 

29-6,  W.  S.  W. 
E. 

20-2 22-9 
Wind  Hgh,  S. ;  bar.  29-2. 31 M. 

20-6 21-4 

29-0,  W.  S.  W. 
E. 

21-9 
22-6 

Sept.      1 
M. 

21-11 

21-9 

29-6,  N.  W. 
E. 

23-10 

24-1 
2 M. 

23-5 23-4 

29-8,  K  N.  E. 
E. 

25-2 25-5 3 M. 

24-8 24-8 

29-9,  W.  N.  W. 
E. 

26-3 26-3 4 M. 

25-9 26-2 

29-5,  E. 

E. 

27-5 27-4 
5 M. — — 29-4,  S. 

E. 
26-6 26-6 6 

M. 

28-0 28-0 

29-4,  S.  W. 
E. 26-10 26-10 

7 M. 27-11 
27-9 

29-5,  S.W. 
E. 

26-4 26-4 
8 M. 

27-2 

26-10 29-6,  W.  N .  W. 
E. 

25-4 25-1 
9 M. 

25-9 26-4 

29-7,  W. 

E. 

24-3 24-3 
10 M. 

24-3 24-3 
29-7,  W.  N.  W. E. 

22-9 
23-11 

11 M. 

22-6 
22-10 29-7,  W.  N.  W. E. 

21-2 21-7 12 M. 

20-8 
20-7 

29-8,  N.  W. E. 

20-0 20-4 

13 M. 

20-2 20-4 

29-8,  N.W. 
E. 

20-9 

20-11 
14 M. 

21-5 21-6 

29-8,  W. 

E. 22-10 22-10 
15 M. 

23-8 23-9 

29-8,  W. 
E. 

25-4 25-4 

16 M. 

25-8 25-5 

29-7,  S.  E. E. 

27-0 27-0 

17 M. 

27-2 27-1 

29-6,  S. 

E. 

28-6 28-7 
18 M. 

27-11 

27-9 

29-7,  S.  W. 
E. 

29-7 28-6 

Bar.  rising. 
19 M. — — 30-0,  W. 

E. 

28-3 27-9 
Bar.  30-1. 20 M. 

28-6 
28-1 

Bar.  30-1,  W. E. 

27-7 
27-3 Sept.    21 

M. 

27-8 27-7 

30-2,  S.  E. 
E. 

26-6 26-5 
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Date. 

Morning 

and Calcula- Observa- 
Remarks. 

Evening. tions. tions. 
Barom.  and  "Wind. 

1876. ft.  in. ft.  in. 

Sept.    22 M. 
26-3 

26-4 

30-0,  S.  E. 
E. 

25-3 25-3 
23 M. 

24-4 24-5 

29-8,  S.  E. 
E. 

23-8 24-0 24 
M. 

22-4 22-6 

Bar.  falling. 
E. 

21-8 
22-10 Bar.  29-9,  S.  E. 

25 M. 

20-5 21-3 

29-5,  S.W. 
E. 

19-8 
19-9 

26 M. 

18-7 18-7 

29-8,  S. 

E. 
18-6 18-7 

27 M. 
17-6 

17-6 

29-6,  W. 

E. 
18-8 

18-8 
28 M. 

18-7 
18-8 

29-6,  E. 
E. 

20-2 20-3 
29 M. 

20-4 20-5 

29-4,  W. 

E. 21-10 

22-0 30 M. 21-10 

21-9 

29-6,  K  E. 
E. 

24-9 23-5 

Gale  N.  N.  E. 

Oct.       1 M. 

23-8 23-5 

29-6,  N.  E. 
E. 

25-5 25-1 

Bar.  rising. 

2 M. 24-11 

24-5 

30-1,  E. 

E. 
26-9 

26-4 
3 M. 

25-11 25-11 
29-8,  E.S.E. 

E. 
27-9 27-9 4 M. 

27-3 
27-2 

29-7,  S.  E. 
E. 

28-6 
28-4 

5 M. — — 
E. 

27-1 27-4 

29-8,  E.  S.  E. 
6 M. 

28-2 28-1 

29-8,  S.  E. 
E. 

27-0 
27-2 

7 M. 

27-3 27-6 

29-8,  S.E. 
E. 

26-1 26-6 
8 M. 

25-10 
26-2 

29-9,  S 

E. 
24-7 

24-11 
9 M. 

24-3 24-7 
Bar.  fallen. 

E. 22-11 

24-4 

Bar.  29-4,  S.  E. 
10 M. 

22-4 
23-5 

29-4,  S.  W. 

E. 
21-3 

23-1 
11 M. 20-6 

21-4 
W.  gales. 

E. 
20-7 

23-3 

29-1,  S. 

12 M. 

21-0 21-4 

29-5,  S. 

E. 
21-8 

22-6 
13 M. 

22-4 
22-11 

29-6,  S.  W. 
E. 

23-9 24-7 14 M. 
24-3 24-7 

29-5,  S. 
E. 

25-8 
26-3 
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Morning !                    Eemarks. 
Date. and Calcula- Observa- t 

Evening tions. tions. Barom.  and  Wind. 

1876. ft.  in. ft.    in. 

Oct.      15 
M. 

26-0 

25-10 
29-7,  S. 

E. 

27-0 
27-2 

16 M. 

27-0 27-5 

29-6,  S.  E. 
E. 

28-3 28-3 
17 M. 

27-8 
27-8 

29-6,  S.  E. 
E. 

28-3 28-5 
18 M. 

27-9 27-9 

29-6,  S.  E. 
E. 

27-10 

27-9 
19 M. — — 

E. 

27  •! 

26-10 Bar.  29-8,  S. 20 M. 

26-6 26-1 

Bar,  30.  0,  S.  E. E. 
25-10 

25-9 
21 M. 

25-2 25-0 

30-1,  N.E. 
E. 24-10 

24-2 22 M. 

23-7 
23-4 

30-2, E. 

23-3 
22-11 23 M. 

21-7 21-6 
E. 

21-9 21-9 
24 M. 

20-2 20-2 

30-1,  S.E. 
E. 

20-3 20-6 25 M. 

18-7 18-7 
30-2,  S.  E. 

E. 

19-3 19-4 
26 M. 

17-7 
17-6 

30-3,  S.  E. E. 

19-3 19-2 

27 
M. 

18-8 18-5 

30-3,  S.  E. E. 

20-5 20-3 
28 M. 

20-1 
19-10 

Bar.  rising. 
E. 

22-0 21-7 
Bar.  30-3,  S.  E. 29 

M. 
21-10 

22-0 

Settled. 
E. 

23-9 23-5 

30-3,  S.  W. 
30 M. 

2.3-6 
23-6 

30-2,  N.  W. E. 

25-7 
25-2 

31 M. 

25-1 24-5 
Bar.  30-3,  W. 

E. 26-11 

26-0 
Bar.  30-4 

Nov.      1 M. 25-11 
25-7 

Bar.  30-4,  N.  E. E. 

27-5 27-0 
2 M. 

26-6 26-6 

30-3,  K  W. E. 
27-10 

27-8 
3 M. 

27-1 27-3 

30-2,  S.  W. 
E. — 

4 M. 

27-7 
27-5 

30-3,  W.  N.  W. 
E. 

26-8 26-7 5 M. 

26-8 
26-5 

30-3,  W, 
E. 

25-9 
25-11 

6 M. 

25-5 25-5 

30-3,  W. 
E. 

24-6 24-6 
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Morning Remarks. 
Date. and Calcula- Observa- Evening. tions. tions. 

Barom.  and  "Wind. 

1876. ft.  in. ft  in. 

Nov.      7 M. 2311 

23-8 

Wind  W.,  slight. 
E. 

23-3 23-4 

30-3,  N.  E. 
8 

M. 

22-5 
22-0 

Bar.  30-2,  S.  E. 
E. 

22-0 
22-2 9 M. 2M 20-11 30-1,  N.E. 

E. 
21-6 

21-8 
10 M. 

21-3 21-0 

Frost. 
E. 

22-3 
22-4 

30-2,  N.  E. 
11 M. 

22-5 
23-0 

Bar.  fallen. 
E. 

23-4 23-9 

29-9,  S.  E. 
12 M. 

23-6 
23-0 

E. 

24-9 24-6 

29-7,  E. 

13 M. 24-10 

24-8 

29-3,  E. 

E. 
25-7 

25-3 
14 M. 

25-7 25-8 

29-6,  E. 

E. 
26-3 

27-3 

Bar.  faUen,  S.  S.  W. 
15 M. 25-10 

26-6 

29-4,  S.  E. 
E. 

26-3 26-7 16 M. 

26-1 
26-4 

29-3,  E.N.  E. 
E. 

26-2 

26-10 S.W. 
17 M. 

E. 
26-2 26-8 

29-8,  S. 

18 M. 
25-7 25-7 

29-8,  S. 

E. 
25-8 26-0 

19 M. 

24-9 25-3 

Bar.  29-7,  S. E. 

24-7 25-6 
Gradients. 

20 M. 

23-4 24-5 

Southerly. 

E. 

23-4 24-0 29-7,  S.  W.- 21 M. 
22-3 22-5 E. 
22-6 23-0 

Bar.  29-9,  W. 
22 M. 

21-0 
21-4 

30-1,  S.E. 
E. 

21-5 22-3 

S. 
23 M. 

19-9 20-3 

30-1,  S.  E. 
E. 

20-8 21-3 24 M. 
19-3 19-3 

29-8,  S.E. 
e: 

20-6 20-6 25 M. 

19-0 

1811 29-6,  S.  E. 
E. 

21-0 21-2 
26 M. 

20-0 20-2 

29-5,  S.  E. 
E. 

22-0 22-3 
27 M. 

21-2 21-5 

29-4,  S.  E. 
E. 

23-2 
22-11 Wind  E.,  slight. 28 M. 

22-7 22-8 

29-3,  N. 
E. 

24-6 24-6 
29 M. 

24-3 24-5 
29-4,  W.  S.  W. 

E. 25-10 25-10 
30 M. 

25-7 25-8 

29-5,  S. 

E. 
26-7 

26-6 
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Morning Eemarks. 
Date. and Calcula- Observa- Evening tions. tions. 

Earom.  and  "Wind. 

1876. 1 
:ft.    in. ft.    in. 

Dec.       1 
M. 26-10 

26-11 
Bar.  fallen. 

E. 

27-5 
28-5 

Bar.  29-2,  S.  E. 
2 M. 

27-5 
27-6 

E. 27-10 26-11 Gale  N.  E. ;  bar.  29-0. 3 
M. — — 1 
E. 

27-8 28-6 

Bar.  fallen  ;  -^vind  S.  W. 
4 M. 

!      27-8 

28-5 

Bar.  28-9. E. 
26-11 

28-5 

Stormy. 

5 M. 

26-6 27-6 
i  Bar.  28-5. E. 

26-2 27-7 
6 

M. 

25-2 
27-6 

Gale  S.  W. 
E. 

25-2 
27-0 

Bar.  28-9. 7 
M. 

24-3 
25-0 

Unsettled. 
E. 

24-0 
25-3 

Stormy. 

8 M. 
22-11 

23-6 

29-6,  X.  W. 
E. 22-11 

24-2 
9 M. 

22-0 
22-3 

30-0,  W. 

E. 
22-9 

23-6 
10 M. 

22-7 
22-7 

30-1,  S.W. 
E. 

23-1 23-7 
11 M. 22-10 

23-1 

30-0,  S. 

E. 

23-6 
23-8 

12 M. 

23-4 24-7 
29-6,  W.  S.  W. E. 

23-11 

24-0 

13 M. 

24-1 
24-1 

29-6,  S. 
E. 

24-3 
24-9 

Bar.  fallen. 
14 ,M. 

24-8 
25-1 

29-7,  S. 
E. 

24-8 24-5 
15 M. 

25-1 
25-1 

29-8,  S. 
E. 

24-8 
24-8 

16 M. 

25-4 
25-4 

29-7,  S. 
E. 

24-9 24-7 

17 M. — 
E. 

25-5 25-7 

29-6,  S. 
18 M. 

24-6 
24-2 

29-5,  S.  E. 
E. 

25-4 
25-2 

19 M. 
23-10 23-10 

29-1,  S. 

E. 24-10 

25-0 
20 M. 

23-3 23-3 
E. 

24-4 25-0 
Bar.  fallen,  28-9. 

21 
M. 

22-8 
22-6 

Bar.  steady. 

E. 

23-9 
24-3 

Gale  W. 
22 M. 

22-3 22-5 

28-9,  W. 

E. 

23-3 
23-3 

23 M. 
21-7 

21-4 

29-1,  S. 

E. 

22-8 ! 22-7 
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Morning 
Remarks. 

Date. and Calcula- Observa- Evening. tions. tions. 
Barom.  and  "Wind. 

1876. ft.  in. ft.  in.; 

Dec.     24 M. 
21-0 

20-2 

Wind  E.  ;  frost. 
E. 

22-1 
21-3 

29-4,  S.  E. 
25 M. 

20-6 
19-5 

29-6,  N.  E. 
E. 21-10 20-10 

■>■>         >> 
26 M. 

20-9 
19-8 

30-1,  E. 
E. 

22-4 
21-5 

27 M. 
21-8 

23-1 

Bar.  falling  ;  gale. 
K. 

23-1 
23-11 

S.  W.  ;  29-4. 28 M. 
23-0 

23-4 

29-4,  S. 

E. 
24-5 

24-4 
29 M. 

24-9 24-7 
29-5,  S. 

E. 25-10 

27-0 

Bar.  falling. 

30 M. 25-10 

26-9 

?i 

E. 26-11 
27-7 

Bar.  29-0,  S. 
31 

M. 

27-5 29-6 
„    29-0,  S.  W. E. 27-10 

29-0 
Bar.  falling  ;  gale,  S.  W. 

1877. 
Jan.        1 M. — — 

E. 

28-4 29-7 28 ;8,  S. 2 M. 
28-3 27-8 

WindW. ;  Bar.  rising,  frost. 
E. 

28-5 28-8 3 M. 27-10 

27-3 

Gale,  S.  E. 
E. 27-11 

27-6 

J)        ?? 

4 M. 

27-1 27-0 E. 
27-0 28-9 

Bar.  falling  ;  wind  S.  W. 
5 M. 25-10 

26-6 
Bar.  29-0  ;  S.  W. 

E. 25-10 
27-0 

)  J             1) 

6 M. 

24-4 25-0 
5>          n 

E. 
24-3 

25-5 

Bar.  28-8  ;  stormy. 
7 M. 

22-9 
24-9 

'  ?               J  »                       )5 E. 

22-6 25-0 
High  winds,  S. 

8 M. 21-10 

23-1 

Bar.  29-1;  storm,  S.  W. E. 

21-5 22-8 
)»                    n            )) 

9 M. 

21-4 22-0 

29-4,  S.  W. 
E. 

21-1 
21-9 

10 M. 
21-5 21-6 

29-9,  S.  E. 
E. 

21-4 21-6 
11 M. 

22-2 22-2 

29-9,  N.  E. 
E. 

22-0 22-2 
Settled  and  cold. 

12 M. 
23-1 23-3 

29-0,  E. 
E. 

22-9 22-6 
13 M. 23-11 

24-1 

Bar.  falling. 

E. 
23-4 24-0 

Wind  S. 
14 M. 

24-8 
25-4 

Signal  flying  ;  Bar.  29-0. E. 
24-0 

25-1 
High  wind. 

1                 ̂ ^ M. 25-6 
25-4 

29-8,  KW. 

1 
1 

E. ~ 
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! Morning 1 Remarks. 
Date. and Calcula- Observa- Evemng. tions. tions. Barom.  and  TTiiid. 

1877. ft.   in. ft.    in. 

Jan.      16 M. 24-10 24-11 
29-9,  S. 

E. 

26-1 26-2 

17 M. 

25-0 25-1 

29-7,  S. 

E. 

26-1 26-1 

18 M. 
■24-8 

24-9 

Bar.  falling  fast. 
E. 

25-9 27-0 

29-5,  S.  W. 
19 M. 

24-4 24-8 

Unsettled. 
E. 

25-6 27-0 

Gale,  S.  W. 
20 M. 23-10 

23-4    • 

Sudden  rise  of  Bar. 
E. 

25-0 

24-10 
30-1,  S. 

21 

M. 

23-2 

22-11 
Bar.  30-3. E. 

24-3 24-1 

Wind  W. 
22 M. 

22-2 

21-10 Bar.  30-4,  S. 
E. 

23-2 22-7 
19               ') 

23 M. 

21-3 21-5 
30-4,  S.  E. 

E. 

'21-10 

22-1 

Bar.  falling. 

24 
M. 

20-7 
20-11 

30-0,  S. 

E. 

21-1 21-0 

1  J 

25 M. 
20-7 21-5 

Gale,  W. 
E. 

21-7 21-9 

30-0,  S. 

26 M. 

21-9 

20-10 
Gale,  W.  -.  Bar.  30-0. 

E. 22-10 
22-7 

)) 27 M. 

23-4 24-2 

Wind  S.  ;  Bar.  falling. 
E. 

24-7 
24-3 

Sudden  rise,  30-0. 28 M. 

25-4 27-6 

Gale,  W.  ;  Bar.  falling. 
E. 

26-4 27-8 

29-8,  S.  W. 
29 M. 

27-5 27-6 

Wind  W. ;  Bar.  rising. 

E. 27-10 

29-0 
Gale,  S.  W. ;  29-9. 

30 M. 

28-9 
31-0 

Hui-rieane,  S.W.;  Bar.  29-0. E. — — 

31 
M. 

28-9 28-2 

Bar.  sndden  rise  to  30-0 ; E. 

29-5 29-6 
[KW. Feb.       1 M. 

28-9 
29-4 

Sudden  fall  of  Bar. 
E. 

29-1 29-5 

29-8,  S.W. 
2 

M. 

27-9 28-0 

29-7,  S. 

1     E. 28-0 
28-11 Further  fall. 

3 
M. 

26-8 
27-4 

Wind  S.  W. 
E. 

26-5 28-5 

29-8,  S.  W. 
4 

M. 
24-9 

25-8 

Gale,  W.  N.  W. 

E. 
24-2 24-6 

29-9,  W. 

5 M. 

23-0 23-3 

30-1,  W. 

E. 
22-2 

23-3 
6 

M. 

21-0 21-0 

30-0,  S. 

E. 

20-2 21-5 

Bar.  falling. 

7 M. 

19-9 20-3 
Wind  high. 

E. 

1 :       19-3 i       19-5 

30-0,  W. 
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Morning Remarks. 
Date. and Calcula- Observa- 

Evening. tions. tions. 
Earom.  and  "Wind. 

1877. ft.  in. ft.  in. 

Feb.        8 M. 19 8 19 6 30-1,  W. 

E. 19 8 20 0 
9 M. 20 7 

20 

10 30-1,  S.W. 
E. 

20 
6 21 6 

Bar.  falling ;  wind  S."W". 10 M. 21 
9 22 6 

"Wind  high. 

E. 21 
10 

22 2 29-8,  S.  W. 
11 M. 

23 
6 24 9 Gale,  S.  W. 

E. 22 9 
23 

3 Bar.  still  falling. 
12 M. 24 

7 
26 

7 
E. 23 

10 24 6 29-6,  S.  W. 
13 M. 25 7 

25 
11 29-6,  W. 

E. 25 0 25 0 
14 M. 

E. M. 

26 7 26 11 
29-7,  S. 

15 25 
8 

25 
11 298,  S. 

E. 
27 

3 

27 

5 
16 M. 

25 
10 

26 
1 29-6,  S. 

E. 
27 

3 

27 

4 
17 M. 25 7 25 8 29-8,  W. 

E. 26 9 
26 

0 Wind  W.,  strong. 
18 M. 

25 
0 25 0 Bar.  300. 

E. 25 10 25 7 

„    29-7. 
19 M. 24 1 24 5 Wind  N.  W. 

E. 24 
8 24 11 29-9,  W. 

20 M. 22 11 
25 

6 
Gale  N.  W.  ;  Bar.  29-4. 

E. 23 
4  , 

25 6 
"                                         » ? 

21 M. 21 6 24 0 Stormy  ;  Bar.  rising. 
E. 21 

10 
20 4 

Wind'X.  E.  ;  Bar.  30-0. 
22 M. 

20 
1 19 6 

Wind  N.  E.  ;  Bar.  30-2. 
E. 

20 
5 20 8 

„     N.W. 23 M. 19 6 

17 

8 WindN.;  cold. 

E. 20 6 
20 

3 
30-0,  ]S^.  W. 24 M. 20 10 21 2 High  wind,  W.  N.  W. 

E. 22 0 
22 

6 Bar.  falling. 
25 M. 

23 
3 24 6 Gale,  N.  W. 

E. 
24 

5 24 7 
Bar.  29-2. 26 M. 25 9 25 6 Wind  X. 

E. 26 3 26 0 Frost. 
27 M. 27 

8 

27 

8 29-8,  X.  W. 
E. 

27 
11 

27 

7 

^^ 
28 M. 29 2 

28 
8 

Hard  frost;  wind  K". E. 
28-9 28-3 

Bar.  30-1. 

Marcli    1 M. _ 
E. 29-10 

29-8 

Wind  S. ;  Bar.  falling 
2 M. 

29-0 
28-11 1  slowlv. 

E. 
29-9 

29-8 

30-1,  S. 

K  2 
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Morning 
Remarks. 

Date. and Calcula- Observa- Evening. tions. tions. 
Barom.  and  "Wind. 

1877. ft.  in. ft.  in. 
Marcli    3 M. 

28-0 28-0 

30-1,  S.  W. 
E. 

28-4 28-7 

29-9,  S. 

4 M. 

26-6 
26-6 

29-9,  S. 

E. 

26-3 
26-4 

29-9,  K  W. 
5 M. 

24-8 
24-6 

E. 23-10 

23-8 

29-9,  N.W. 
6 M. 

22-7 

22-1 

30-0,  K  W. 
E. 

21-6 
21-8 

Bar.  falling ;  -wind  N.  W. 7 M. 

20-7 
20-8 

29-6,  S. 

E. 18-11 

17-7 

Gale,  IN". ;  Bar.  30-0. 8 M. 

18-5 
17-0 

Wind  N., 

E. 

17-4 16-6 

))                )) 
9 M. 

18-5 18-0 

5)                               )1 

E. 

18-2 
18-0 

30-1,  E. 
10 M. 

19-8 
19-6 

30-1,  S. 

E. 

19-6 
20-0 

30-1,  S.W. 
11 M. 

21-5 21-6 

30-1,  S. 

E. 

21-3 21-3 
12 M. 

23-2 24-2 

30-0,  S.W.  ;  faU  of  \  inch. E. 

22-9 
23-6 

Strong  gale. 

13 M. 

24-8 
24-9 

Ptising  ;  wind  N.  N.  W. 
E. 

24-2 24-6 

Gale,  N.  W. 
14 M. 

26-0 26-4 

29-7. 

E. 

25-3 25-0 

11 15 M. 

27-2 
27-2 

29-6,  W. 

E. 

26-4 
27-0 

Gale,  W. 
16 M. 

28-1 27-7 
Wind  N.N. W.,  29-0;  Bar. E. — — 

[rising. 17 M. 
26-10 

26-2 

N.N.W.,  29-5. E. 

28-1 27-3 

N. 
18 M. 

26-6 
26-6 

E. 

27-3 
27-1 

19 M. 

25-9 25-6 
E. 

26-3 
26-0 

20 M. 
24-7 24-7 Frost,  29-8. E. 

24-8 
24-10 

21 M. 

23-5 
23-7 

N.E.;  29-4. E. 

23-3 23-6 
22 M. 

22-0 
22-4 

E. 
20-3 21-7 

. 
23 

M. E. 

20-3 
19-9 

20-7 
20-9 

S.,  strong;  29-3. 

24 M. 
19-8 

20-0 E. 
20-8 20-8 

25 M. 

21-5 

20-10 S.  E.,  gale. 
E. 

1 

22-3 
22-2 

>> 
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Date. 

Morning 
and Calcula- Observa- 

Eemarks. 

Evening. 
tions. tions. 

Barom.  and  "Wind. 

1877. ft.  in. ft.    in. 

March  26 M. 23 
10 

23 
11 

E. 24 10 
25 

3 S.  Wind,  strong. 27 M. 26 4 
26 

7 '5                            ?) 

E. 26 
11 27 

5 
Stormy, 

28 M. 
28 

1 
28 

3 n E. 28 
1 28 1 

29 
M. 29 

3 29 2 
E. 28 

10 
28 8 

30 
M. 

E. 

29 
5 

29 
2 

31 M. 28 10 
28 

8 
E. 

28 
10 29 1 

w. 
April      1 

M. 
27 11 

27 

7 N.N.W.,  cold. E. 27 
4 

27 
6 

2 M. 26 
3 26 6 w.  s.  w. 

E. 25 4 25 7 
3 M. 24 

5 25 4 Bar.  falling  fast;  signaliiy- E. 23 
2 23 

11 Bar.  29-3.      [ing;  windS. 
4 M. 22 9 23 

11 
„     29-0. 

E. 21 4 

22 

1 
1  ?              1  J 

5 M. 
20 

8 

22 

3 Unsettled. 
E. 

19 
2 

19 

11 

)) 

6 M. 19 1 
20 

0 

)  ? 

E. 
17 

9 18 3 
)  J 

!                   "7 
M. 18 

10 
18 11 

E. 
18 

4 
18 

4 
8 M. 19 

10 
20 

0 
E. 19 9 

20 
0 

\                   9 M. 21 5 
21 

6 
E. 21 4 21 7 

10 M. 23 
0 

23 
2 

i E. 
23 

0 
23 

4 

i                  11 M. 24 7 24 4 
1 E. 24 3 24 0 Bar  rising. 

12 M. 26 0 25 4 
N.,  gusty. 

E. 
25 

5 

25 

3 
13 M. 

26 
10 26 

6 
E. 26 0 

25 
11 

14 M. 
27 

3 26 6 
S.  E.,  strong;   Bar.  30-0. 

E. 26 6 
26 

0 
11                              •" 15 M. — i 

E. 

27 
7 

26 
7 

S.  E.,  gale  ;  Bar.  29-8.          j 16 M. 26 7 
26 

0 
S.E.,     „         „     29-8. E. 26 

10 

25 
7 E.          „         .,       „ 

17 
M. 25 11 

25-3 

E.          „         „       „ 
E. 25 

9 

25 

2 
E.,  Bar.  29-8. 
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Morning 
Remarks. 

Date. and 
Calcula- Observa- Evening. tions. tions. Barom.  and  Wind. 

1877. ft.  in. ft.  in. 

April   18 
M. 

24-9 24-9 
E. 

24-3 24-3 

19 M. 

23-3 23-3 
E. 

22-9 22-8 
20 M. 

22-1 22-3 

E. 

21-4 21-4 

21 M. 

21-0 21-9 

S.  W.  ;  Bar.  faUing. 
E. 

20-6 20-9 

Unsettled. 

22 M. 

21-2 21-4 
E. 

21-2 21-3 
23 M. 

22-4 22-2 
E. 

23-0 
22-11 24 M. 

24-0 
23-9 

E. 

24-7 
24-6 

25 M. 
25-11 

25-7 S.E.  ;  29-8. E. 

26-2 
25-10 

S.E. ;  29-9. 
26 M. 

27-2 
26-7 S.  E.,  strong  ;  30-0. E. 

26-11 
26-7 S.E.;  29-8. 27 M. 

27-6 
26-11 S.  E.,  strong  ;  29-8. E. 

27-1 

26-11 

„          ,,         29-9. 
28 M. 

27-4 27-3 
E. 

27-0 27-0 
29 M. — — . 

E. 

27-0 

26-10 
30 M. 

26-8 26-5 
N.,  frosty;  29-8. E. 

25-8 
25-9 

N.  W. ;  30-0. 
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XX. — Discussion  of  Observation's  por  determining  the  Parallax 
OF  the  Planetary  Nebula,  37,  H.  IV.  Made  with  the  South 
Equatorial  at  Dunsink.    By  Francis  Brunnow,  Ph.  D.,  F.  R.  A.  S. 

[Read,  November  12,  1877.] 

At  the  Meeting  of  the  British  Association  for  the  Advancement  of 
Science,  held  at  Edinburgh  in  1871,  Mr.  Gill  read  a  Paper  on  the 

"Parallax  of  the  Planetary  jN^ebula  H.  IV.,  37,"  for  which  he  had  found a  value  of  about  two  seconds.  However,  the  number  of  his  observa- 
tions was  so  small,  that  it  seemed  to  me  advisable  to  make  a  longer 

series  of  observations  of  this  interesting  object,  in  order  to  examine 
whether  such  a  large  parallax  really  existed.  The  observations  were 
commenced  immediately  after  my  return  home  on  August  13,  1871, 
and  were  continued  to  August  6,  1872,  with  some  interruptions 
owing  to  my  absence  from  the  Observatory  during  the  months  of 
January  and  February,  1872,  and  again  during  part  of  April  and  May. 
They  are,  therefore,  not  as  numerous  as  I  could  have  wished,  but  still 
are  sufficient  to  show  that  the  nebula  has  no  large  parallax. 

The  nebula  appears  as  a  somewhat  elliptical  disk  whose  major 
axis  is  about  half  a  minute,  and  has  in  its  centre  a  well-defined  point 
resembling  a  star  of  the  eleventh  magnitude.  I  compared  this  centre 
in  declination  with  a  star  of  the  tenth  magnitude  which  precedes  the 
nebula  by  25  seconds,  using  exactly  the  same  method  of  observing 
as  that  adopted  in  my  former  series  of  observations  on  the  parallax  of 
stars.  I  also  used  a  faintly  illuminated  field,  as  I  could  make  the 
bisections  of  these  faint  objects  more  accurately  with  dark  wires  than 
in  a  dark  field  with  bright  wires.  Of  course,  I  observed  only  when 
the  atmosphere  was  sufficiently  good  to  show  the  central  point  dis- 
tinctly. 

The  observations  I  have  obtained  are  as  follows  : — 

Date. 
a5  expressed 
in  rev.  of  the 

screw. 
Therm. A5  in 

seconds. 
Weight. 

1871. 

August        13, 
6-95815 

55°-0 

62"-561 15, 
6-95670 

54  -0 

62  -551 
25, 

7-02535 

50  -5 

63  -176 
27, 

6-98780 

52  -0 

62  -834 
September  11, 

6-99955 

53  -0 

62  -939 12, 
6-98115 

54  -0 

62  -773 
13, 

6-98390 

52  -0 

62  -799 
21, 

6-98320 

42  -0 

62  -813 
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Date. 
A5  expressed 
in  rev.  of  the 

screw. 
Ther. A5  in 

seconds. Weight. 

1871. 

September  23, 
6-95920 

40° 

0 

62" 

603 
J3 

28, 

6-97930 
42 0 

62  - 

779 
October 

7, 

6-99335 
39 5 62 

910 
>> 

20, 

6-99180 41 
0 62 894 

?j 

21, 

7-00335 44 5 
62 

990 

?7 

24, 

6-99310 
43 5 62 

900 

November 

5, 

6-99390 37 0 62 921 

j> 

22, 

6-98395 

38 
5 

62 

827 

December 

16, 

6-99230 

■    37 

0 62 
907 

!> 

19, 

6-99590 

39 
0 62 933 

)) 

20, 

6-97100 37 0 
62 

716 
1872. 

January 

6, 

6-97640 

35 
0 62 

767 

March 

1, 

7-02915 42 5 63 
227 

6 

n 

8, 

7-01055 37 0 
63 

071 

>> 

14, 

7-01730 

39 
0 63 126 

)  J 

17, 

7-01220 39 5 63 080 

April 

3, 

7-00625 

35 
0 63 034 

)> 

12, 

7-01195 40 0 63 
077 

>> 

13, 

7-00485 41 0 
63 

Oil May 

31, 

7-00490 44 0 63 004 
June 

5, 

6-99815 

44 
0 

62 

•943 

it 

7, 

7-00085 
45 5 62 

•966 

July 

14, 

6-98540 

56 
0 62 

•806 

August 

2, 

6-99450 
52 0 

62 

-896 

J) 

6, 

6-99410 

53  -0 

62  -891 

The  observed  apparent  difPerences  of  declination  must  first  be  cor- 
rected for  refraction  and  aberration,  and  reduced  to  a  mean  equinox, 

for  which  I  chose  as  epoch  the  beginning  of  the  year  1872.  The 
effect  of  refraction  is  in  this  case  veiy  small,  and  nearly  constant,  as 
is  shown  by  the  following  Table,  because  all  the  observations  were 
made  at  considerable  altitudes  : — 

Hour  Angle. Corr.  for  Eefr. Hour  Angle. Corr.  for  Eefr. 

Oh 

1 

2 

3 

+  0"-019 

+  0  ̂ 018 
+  0  -018 
+  0  -018 

4h
 

5 
6 
7 

+  0"-018 

+  0  -018 

+  0  -021 

+  0  -026 
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The  effect  of  aberration,  nutation,  and  precession,  is  given  in  the 
following  Table,  which  has  been  computed  from  the  formulae  on  page 
38  of  Part  I.^ :— 

Date. 
Eeduction  to 
Mean  AS. 

Date. Eeduction  to 
Mean  A5. 

1871 1872 , 

August 

7-7, 

-0" 

050 February 
9-5 

+  0" 

014 

3  » 
17-7, 0 044 ,, 

19-5 

0 010 

J? 
27-6, 0 038 

>) 29-4 

0 006 

Sept. 

6-6, 
0 032 March 

10-4 

+  0 

001 

J  ? 

16-6, 0 
026 ,, 

20-4 

-0 

005 

?  J 

26-5, 0 019 

,, 30-3 

0 
010 

October 

6-5, 
0 013 

April 

9-3 0 
015 

?  J 16-5, 0 007 ,, 

19-3 

0 
019 

J  > 26-5, 

-0 

001 

,, 29-3 

0 
023 

Nov. 

5-4, 

+  0 

005 

May 

9-2 0 026 

,, 
15-4, 0 010 ji 

19-2 

0 028 

J, 25-4, 0 014 

J, 

29-2 

0 
029 

December 

5-4, 
0 018 June 8-1 0 030 

,, 
15-3, 0 020 ,, 

18-1 

0 029 

,, 25-3, 0 022 )} 

28-1 

0 
027 

J, 
35-3, 0 022 

July 

8-1 0 
025 

1872. ,, 

18-0 

0 022 

January 

0-6, 
0 022 », 

28-0 

0 
018 

J, 10-6, 0 021 August 7-0 
0 013 

J , 20-5, 0 020 

>■> 

170 0 
007 

7> 
30-5, 0  -018 

j> 

26-9 

-  0  -001 

Erom  these  Tables  I  found  the  small  corrections  for  every  obser- 
vation, which  are  given  in  the  first  two   columns  of  the   following 

■  Table,    and  by  applying  them  to  the   observed  values  of  AS,   given 
above,  I  obtained  the  reduced  values  AS,  which  ai'e  given  in  the  last 
column  of  the  following  Table  : — 

Date. Refr. Red. Sum. 
A5. 

1871. 

August        13, +  0"-018 
-  0"-046 -  0"-028 62"-533 15, 

+  0  -018 
-  0  -045 -  0  -027 

62  -524 
25, 

+  0  -018 
-  0  -039 

-0  -021 
63  -155 27, 

+  0  -018 
-  0  -038 -  0  -020 

62  -814 
September  11, +  0  -018 

-  0  -029 
-0  -Oil 

62  -928 12, 

+  0  -018 
-  0  -028 -  0  -010 

62  -763 

Astronomical  Observations  made  at  Dunsiak,  1871. 
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Date. Eefr. Eed. Sum. 
A5. 

1871. 

Septembei 

13, 

+  0"-018 
-  0"-028 -  o"-oio 

62"- 

789 jj 

21, 

+  0  -018 
-  0  -022 -  0  -004 

62  • 

809 
j> 

23, 

+  0  -018 
-  0  -021 -  0  -003 

62  • 

600 
j; 

28, 

+  0  -018 

-0  -018 -  0  -000 
62 

779 October 

7, 

+  0  -020 

-0  -012 

+  0  -008 

62  • 

918 

>> 
20. 

+  0  -019 
-  0  -005 

+  0  -014 
62 908 

>j 

21, 

+  0  -022 
-  0  -004 

+  0  -018 

63 

008 

j> 

24, 

+  0  -020 
-  0  -002 

+  0  -018 
62 918 

November 

5. 

+  0  -023 +  0  -005 +  0  -028 
62 949 

n 

22, 

+  0  -018 +  0  -013 +  0  -031 
62 858 

December 

16, 

+  0  -018 +  0  -020 +  0  -038 
62 

945 

5> 

19, 

+  0  -019 +  0  -021 +  0  -040 
62 973 

?J 

20, 

+  0  -018 +  0  -021 +  0  -039 
62 

755 1872. 
Jamiary 

6, 

+  0  -023 
-f  0  -021 

+  0  -044 

62 

811 
March 

1, 

+  0  -025 +  0  -005 +  0  -030 
63 

257 

>> 

8, 

+  0  -023 +  0  -002 +  0  -025 

63 
096 

jj 

14, 

+  0  -024 
-  0  -001 

+  0  -023 
63 149 

?> 

17, 

+  0  -022 
-  0  -004 

+  0  -018 
63 098 

April 

3, 

+  0  -018 

-0  -012 

+  0  -006 
63 040 

5> 

12, 

+  0  -018 
-0  -016 

+  0  -002 
63 079 

>> 

13, 

+  0  -018 
-0  -017 

■r  0    -001 63 012 
May 

31, 

+  0  -018 
-  0  -030 -0  -012 62 

992 June 

5, 

+  0  -018 

-0  -030 -  0  -012 
62 

931 
j> 

7, 

+  0  -018 
-  0  -030 -  0  -012 62 954 

July- 

14, 

-fO  -018 -  0  -023 -  0  -005 62 

•801 

August 2 
+  0  -018 

-  0  -015 
+  0  -003 

62 

•899 

?> 

e! 

+  0  -018 
-  0  -014 

+  0  -004 
62  -895 

If  we  take  then  ASo  as  a  mean  value  of  AS,  d\'  as  the  difference 
of  the  proper  motions  of  the  star  and  nebula,  and  denote  the  difference 
of  the  parallax  of  the  nebula  from  that  of  the  star  by  tt,  that  of  the 
constants  of  aberration  for  the  two  objects  by  k  every  observation 
will  give  us  an  equation  of  the  form : 

0  =  A8o-AS  +  (^.  ASo  +  !;.  f/A'-J.i2.  cos  {® -\-£).  Tr-b.  sin  (0  +  ̂ ).  k. 

The  values  of  the  constant  quantities  B  and  b  were  found  from  the 
well-known  formulae 

^  =  270°-  19', 
b  =  1-0000. 

the  latter  value  being  equal  to  unitv,  because  the  nebula  is  close  to 

the  Is'orth  Pole  of  the  Ecliptic. 
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Taking,  then,  for  ASq  the  value  62''-900,  and  computing  the  values 
of  the  coefficients  of  dA',  k,  and  tt  for  every  observation,  I  obtained 
the  following  system  of  equations  of  condition  : — 

Date. 
Equations. 

Residual 
Errors. 

1871. 
Aug. 13, 

^.  A80- 0-382  (?A'- 0-778 
< -0-637  77 =  -0"-367 

-  0"-260 

?j 

15, -0-376 -0-798 
-0-609 -0  -376 -  0  -268 

>> 
25, -0-349 -0-888 -0-465 

+  0  -255 +  0  -366 
j> 

27, -0-343 
-0-903 -0-434 -0  -086 

+  0  -026 
Sept. 

II5 
-0-303 

-0-982 -0-191 

+  0  -028 +  0  -138 
J) 

12, -0-300 -  0-985 
-0-175 -0  -137 

-  0  -029 

j> 

13, -0-297 -0-988 -0-158 -0  -111 -  0  -003 

)) 
21, -0-275 -1-000 

-0-022 -0  -091 

+  0  -013 
}} 

23, -0-270 -1-000 
+  0-013 

-0  -300 -0  -198 

j> 

28, -0-256 -0-995 
+  0-099 

-0  -121 -  0  -024 

Oct. 

7, 

-0-231 -0-968 

+  0-250 +  0  -018 +  0  -106 
)} 

20, -0-196 -0-888 
+  0-458 +  0  -008!  +  0  -076 

j> 

2I5 -0-193 -0-879 
+  0-473 +  0  -108'  +  0  -175 

77 

24, -0-185 -0-854 
+  0-517 +  0  -018    +0  -079 

Nov. 

5, 
-0-152 -  0-727 

+  0-681 +  0  -049    +0  -089 
77 

22, -0-106 -0-495 
+  0-858 -  0  -042    -  0  -039 

Dec. 
16, -0-040 -0-092 

+  0-980 +  0  -045    -  0  -006 
7) 

19, -0-032 -0-039 
+  0-983 +  0  -073  1  +  0  -014 

J> 

20, -0-029 -0-021 
+  0-983 +  0  -145 

-  0  -206 

1872. 
Jan. 

6, 

+  0-017 +  0-278 +  0-945 

-0  -089 -0  -185 

March 

I5 

+  0-069 +  0-952 +  0-304 +  0  -357 +  0  -190 
7> 

8, 

+  0-188 +  0-982 +  0-188 +  0  -196 +  0  -026 
,, 

14, 
+  0-204 +  0-996 +  0-086 +  0  -249 +  0  -079 

77 

17, 
+  0-212 +  0-999 +  0-034 +  0  -198    +0  -029  1 

April, 

85 

+  0-259 
+  0-966 

-0-257 

+  0  -140 
-  0  -021 

V 

12, 
+  0-284 +  0-975 

-0-404 

+  0  -179 +  0  -025 
55 

13, 
+  0-286 +  0-908 

-  0-420 

+  0  -112 
-  0  -040 

May 
31, 

+  0-417 +  0-325 

-0-960 

+  0  -092 +  0  -008 June 

5, 

+  0-431 +  0-244 

-0-984 

+  0  -031 
-  0  -044 

5) 

7, 

+  0-437 +  0-213 
-  0-992 

+  0  -054 
-  0  -019 

July 
14, 

+  0-538 +  0-393 

-0-935 -0  -099 -0  -116 

Aug. 

2, 

-0-590 -  0-659 
-0-763 -0  -001 

+  0  -002 
55 

65 

-0-601 -0-708 -0-716 -0  -005 

+  0  -001 

In  solving  these  equations  according  to  the  method  of  least  squares, 

the  -weight  of  all  observations,  with  the  exception  of  that  of  March  1, 
1872,  which  is  incomplete,  has  been  taken  equal  to  1.     I   obtained 
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thus  the  following   final   equations   for   determining  the   unknown 

quantities : — 

+  33-0000  rf.  A8o  +  0-3172  k  -    8-2603  d.^'  -    l-27037r  =  +  0"-2400 
+    0-3172      „     +3-1428,,+    4-6399    „    -    2-5263  „=  + 0 -7179 
-  8-2603      „     +4-6399  ,, +20-5923    „     +    0-1074  „=  + 2 -4580 
-  1-2703      „     -2-5263,,+    0-1074    „    +  12-4156  „=  + 0  -3016. 

The  solution  of  these  equations  gives  the  following  values : — 

<?.ASo  =  +  0"-036 
d^!  =  +Q  -0978 

K  =  +  0  -112 
7r  =  +  0  -047. 

The  errors  which  remain  in  the  equations  of  condition  after  the 
substitution  of  these  values  are  given  in  the  last  column  of  the  pre- 
ceeding  Table. 

The  squares  of  the  errors  are  thereby  reduced  from  0"-899  to  0-532, 
which  gives  for  the  probable  error  of  one  observation  the  value  ±  0"-09, 
and  for  the  probable  errors  of  the  quantities  above  : — 

(^.ASo)  .      . .     .   ±  0"-018 d^'   .      . 
.     .   ±  0  -0759 

K       . 

.     .   ±  0  -029 
77      . 

.     .   ±  0  -030. 
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XXI. — On  xhe  Colotjk  Eelations  and  Coloeimeteic  Estimation  of 
Nickel  and  Cobaxt.     By  Thomas  Baixet,  Associate  E.  C.  Sc.  I. 

[Read,  November  12,  1877.] 

The  fact  will  have  been  observed  by  chemists  that  solutions  of  nickel 
and  cobalt  salts  are  so  far  complementary  in  colour  that,  when  they 
are  mixed  together,  the  resulting  liquid,  if  moderately  dilute,  is  hardly 
to  be  distinguished  from  pure  water.  I  conceived  this  fact  might  be 
made  the  basis  of  a  method  for  estimating  nickel  and  cobalt,  and, 
therefore,  undertook  the  following  experiments. 

A  large  hollow  prism,  filled  with  a  moderately  strong  solution  of  a 
nickel  or  cobalt  salt,  was  placed  immediately  in  front  of  the  slit  of  the 
spectroscope,  and  the  thickness  of  the  liquid  traversed  by  the  light 
was  regulated  by  moving  the  prism  until  the  eye  could  most  clearly 
determine  the  dark  absorption  band  caused  by  the  metal  in  solution. 
On  referring  to  the  accompanying  diagram,  which  shows  the  absorp- 

tion spectra  of  the  two  metals,  it  will  be  seen  that  cobalt  and  nickel 
are  almost  exactly  complementary  in  their  relations  to  light.  The 
black  band  of  cobalt  is  well  defined  at  the  edges,  especially  at  the  end 
nearest  to  the  red,  while  the  absorption  bands  of  nickel  are  not  so 
sharply  defined,  but  fade  away  at  each  end.  If  the  spectra  were 
exactly  complementary,  on  superimposing  the  nickel  spectrum  upon 
the  cobalt  spectrum,  the  dark  part  on  the  one  would  exactly  cover 
the  light  part  on  the  other.  This,  however,  though  nearly  the  case, 
is  not  exactly  so,  for  the  light  band  in  the  nickel  spectrum  overlaps 
the  dark  cobalt  band  at  the  end  nearest  to  the  red,  although  with 
diminished  brilliancy.  Consequently,  when  we  employ  a  mixture  of 
nickel  and  cobalt  salts  in  solution,  we  do  not  get  a  uniformly  dark 

I !  { '    Sn  ectrum  ofliqh  t 

Ijl:      passed  thro: Ni: 

■  Sp-ecirum  oflimt 

passed  thru:  M:  \Co', 

Snecirum  ofliifhtnassed  thro:  Co: 

spectrum,  but  an  excess  of  light  coming  through  at  the  part  where 
the  overlapping  occurs,  as  seen  in  the  diagram.     This  is  why  the  so- 
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lution  obtained  by  mixing  strong  solutions  of  nickel  and  cobalt  is  not 
grey,  but  reddish  brown  in  colour. 

Having  so  far  demonstrated  the  complementary  character  of  the 
two  metals,  I  next  endeavoured  to  find  in  what  proportions  they  must 
be  mixed  in  order  to  neutralize  each  other.  For  this  purpose  a  tall 
glass  cylinder  (150  c.  c.  capacity),  in  which  ammonia  is  estimated  by 

Nessler's  method,  was  employed.  Dilute  standard  solutions  of  pure 
nickel  and  cobalt  having  been  carefully  prepared,  a  measured  quantity 
of  cobalt  solution  was  placed  in  the  cylinder,  and  the  nickel  added 
from  a  burette,  until  the  neutral  point  was  reached.  It  is  difficult 
by  this  method  to  distinguish  the  exact  point  of  neutrality,  but  easy 
to  determine  that  the  colour  coefficient  of  nickel  with  regard  to  cobalt 

lies  between  3"1  and  3"2.  That  is  to  say,  if  a  quantity  of  cobalt  in 
solution  be  mixed  with  a  solution  containing  3"1  times  its  weight  of 
nickel,  the  cobalt  colour  will  slightly  predominate  in  the  mixture, 

which  will  have  a  reddish  tinge;  while,  if  a  solution  containing  3" 2 
times  its  weight  of  nickel  be  added,  the  nickel  colour  will  be  slightly 
in  excess,  and  the  solution  will  have  an  olive  green  tinge.  It  is 

only  with  dilute  solutions  containing  not  more  than  about  2"5  grams 
of  the  metals  per  litre,  that  it  is  possible  to  determine  the  coefficient 
with  this  accuracy. 

I  now  sought  for  some  method  of  indicating  more  exactly  the  neu- 
tral point.  After  several  attempts  it  was  found  that  the  addition  of 

ammonium  carbonate  to  the  solution  of  the  two  metals  affords  a 

means  of  determining  whether  the  slightest  excess  of  either  metal  is 

present.  . 
If  we  take  25  c.  c.  of  solution  containing  -03125  gram  of  cobalt, 

and  add  to  this  39"25  c.  c.  of  solution  containing  "098125  gram  of 
nickel,  the  resulting  liquid  appears  perfectly  colourless.  If  we  now 
dilute  the  mixed  solutions  to  100  c.  c.  and  transfer  25  c.  c.  of  that 

solution,  containing  -0078125  gram  of  cobalt,  and  -02453125  gram 
of  nickel,  to  a  tall  glass  jar,  add  25  c.  c.  of  the  solution  of  ammonium 
carbonate,  described  hereafter,  and  then  dilute  to  150  c.  c,  the  result 
is  a  liquid  of  deep  purple  colour.  If  we  repeat  this  experiment, 

using  in  the  first  instance  -03125  gram  of  cobalt,  and  -099375  gram 
of  nickel,  the  colour  of  the  150  c.  c.  is  not  purple,  but  of  a  distinct 
blue  colour.  The  ammonium  carbonate  for  this  purpose  must  be 
neutral,  as  the  excess  of  either  base  or  acid  destroys  the  delicacy  of 
the  reaction. 

The  solution  of  neutral  carbonate  (^114)2  CO3  was  prepared  as 
follows.  A  few  ounces  of  the  commercial  carbonate  having  been  dis- 

solved in  watei',  10  c.  c.  of  the  solution  were  neutralized  by  stan- 
dard solution  of  sulphuric  acid.  The  quantity  of  NII3  in  the  10  c.  c. 

was  found  to  be  -085  gramme.  The  quantity  of  CO2  in  an  equal 
quantity  of  the  solution  was  found  to  be  in  two  experiments  -348 
gram,  and  -350  gram  (mean  -349  gram) :  the  amount  of  CO2  required 
to  form  the  neutral  carbonate  with  -085  gram  of  iNHs  being  -110,  it 
follows  that  there  was  an  excess  of  COo  equal  to  -259  gram  in  every 
10  c.  c.  of  the  original  solution  of  commercial  carbonate.     To  neu- 



Bayley — On  Colour  Relations  of  Nickel  and  Cobalt.      133 

tralize  this,  18  grams  of  ammonia  -vrere  required  to  be  added  to  a 
litre  of  the  commercial  carbonate  solution.  This  was  furnished  by 

61-7  c.  c.  of  ammonia  solution  (of  sp.  gr.  -880), 
I  next  endeavoured  to  determine  whether  the  nature  of  the  salt 

of  nickel  or  cobalt  has  any  effect  on  the  reaction.  For  this  purpose 
the  following  solutions  were  prepared  : — 

Co  CL        1  c.  c. =  -00125  grm. Co 
M  CL        1  c.  c. =  -0025    grm. 

Ni 

M(N03)o  1  c.  c. =  -0025    grm. 
M. 

M  SO4       1  c.  c. =  -0025    grm. m 
Co  (Is^Oa).  1  c.  c. 

=  -00125  grm. 
Co Co  SO4      1  c.  c. =  -00125  grm. 
Co 

The  method  of  proceeding  was  as  follows  : — In  each  of  five 
cylinders  25  c.  c.  of  the  standard  solution  of  cobaltous  chloride  were 
placed ;  to  the  first  cylinder  39  c.  c.  of  the  solution  of  nickelous 

chloride  were  added ;  to  the  second  cylinder  39-25  e.  c,  and  so  on  ; 
40  c.  c.  of  nickelous  chloride  being  added  to  the  fifth  cylinder.  Each 
cylinder  was  then  made  up  to  100  c.c,  and  25  c.  c.  out  of  each  100 
c.  c,  were  placed  in  a  second  series  of  cylinders.  To  each  of  the  second 
series  neutral  ammonium  carbonate  (25  c.  c.)  was  added,  and  then 
sufficient  water  to  make  150  c.  c.  The  results  are  expressed  in  the 
following  Table  : — 

Cylinder. Co  used. Ni  used. Colour. 
Ratio  of 
Ni  to  Co. 

(1) •03125  grm. •09750  grm. 

purple. 

3^12 

(2) 
■03125     ,, 

•098125  „ 
slightly  purple. 

3-14 

(3) •03125     •,, 
•098750  ,, 

between  2  &  4. 

3-16 

(4) 
•03125     ,, 

•099375  „ 
slightly  blue. 

3^18 

(5) 
•03125     „ 

•10000     ,, 
blue. 

3^20 

In  two  experiments,  using  in  the  first  solutions  of  Co  CI3  and 
M  SO4,  and  in  the  second  solutions  of  Co  CI3  and  M  (1^03)2,  I  obtained 
exactly  the  same  results,  so  that  the  foregoing  Table  expresses  the 
results  of  these  experiments.  •  Subsequently  experiments  were  made 
with  the  same  quantities  of  the  metals  in  the  following  combinations, 

Co  (]S'03)2  with  M  SO,,  M  (^03)0  and  M  CL  Co  SO4  with  M  (NOs)^, Ni  SO4  and  M  Clo. 
The  results  of  these  latter  experiments  were  exactly  the  same  as 

those  of  the  first  experiments,  so  that  the  Table  does  equally  well  to 
express  them  also. 

If  the  cylinders,  after  the  addition  of  the  ammonium  carbonate,  be 
allowed  to  stand,  the  differences  of  tint  disappear  in  a  few  hours,  and 
a  uniform  deep  purple  red  tint  is  produced.    This  is  caused  by  the  cobalt 
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absorbing  oxygen  from  the  air  to  form  the  double  compounds  of  cobalt 
and  ammonia.  A  small  quantity  of  a  sulphite  destroys  the  reaction, 
as  it  changes  the  tint  to  a  deep  brown.  Thiosulphates  and  some  other 
reducing  agents  do  not  act  in  this  way. 

These  experiments  lead  to  the  conclusion  that  the  colour  coefficient 

of  nickel  with  regard  to  cobalt  is  3"16,  in  all  cases,  or,  in  other  words, 
that  the  tint  of  nickel  and  cobalt  solutions  is  independent  of  the  acid 
radical  in  combination  with  the  metals,  and  depends  only  upon  the 
metal  in  solution.  It  is  evident  that  nickel  and  cobalt  may  be  esti- 

mated by  means  of  this  reaction.  As  an  example  of  its  application  to 
this  purpose,  I  give  the  following  account  of  the  manner  in  which  small 
quantities  of  nickel  may  be  estimated. 

The  nickel  must  be  dissolved  in  an  acid,  and  the  solution  diluted 
to  any  convenient  quantity,  e.g.,  50  or  100  cubic  centimetres.  Into 

each  of  three  cylinders  -0078125  grm.  of  Co  as  Co  CI2  is  placed.  This 
amount  of  cobalt  is  afforded  by  6-25  c.  c.  of  the  standard  Co  CI2  solu- 

tion. Calling  the  cylinders  No.  1,  I^o.  2,  and  !N^o.  3,  we  place  in 
ISTo.  1,  -024531  grm.  of  nickel  in  solution,  and  in  No.  3,  -0248458  grm. 
To  the  three  cylinders  we  then  add  25  c.  c.  of  the  standard  ammonium 
carbonate.  Cylinder  No.  2,  which  contains  only  cobalt  solution  and 
ammonium  carbonate,  is  then  made  up  nearly  to  150  c.  c,  and  No.  1 
and  No.  3  are  filled  up  to  that  quantity.  Cylinder  No.  1  has  then  a 
purple  tinge,  while  cylinder  No.  3  has  a  blue  tinge.  By  adding  from 
a  burette  the  solution  whose  strength  we  wish  to  determine  to  No.  2, 
until  its  tint  is  intermediate  between  No.  1  and  No.  3,  we  make  with 
great  accuracy  the  required  determination.  In  all  cases  the  cylinders 
should  be  held,  whilst  under  comparison,  with  their  lower  extremities 
at  some  inches  distance  above  a  sheet  of  white  paper.  Three  experi- 

ments, that  by  no  means  reached  the  highest  limit  of  accuracy,  gave  the 
following  results  : — 

Ni  in  sohition.  Ni  found. 

•02469  grm.         (1)  -02425 

(2)  -02475 

(3)  -02500 
•02466  =  mean. 

It  is  evident  that  a  similar  plan  of  estimating  cobalt  would  be  still 
more  accurate  on  account  of  the  higher  colour  efficiency  of  that  metal. 

The  partially  opaque  brown  solution  obtained  by  mixing  strong 
solutions  of  nickel  and  cobalt  might,  I  think,  be  used  for  making 
standards  for  the  purposes  of  colorimetrical  analysis.  For  instance,  the 
brown  solution  mixed  with  a  few  drops  of  potassic  bichromate  cannot 
be  distinguished  from  Nesslerised  ammonia.  Probably  the  tests  used 

to  compare  the  solutions  of  steel,  in  Eggertz's  process  for  the  estimation 
of  carbon,  might  be  made  in  a  similar  manner.  They  would  have  the 
advantage  of  being  permanent. 
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XXII. — On  Schtjtzenbeegee's  Peocess  foe  the  Voitjmeteic  Estima- 
Tioisr  OF  Oxygen  in  Watee.  By  Cheistophee  Claeke  Hutchinson, 
Eoyal  Exhibitioner,  Eoyal  College  of  Science. 

[Read,  December  10,  1877.] 

In  judging  of  the  character  of  a  water  for  domestic  uses,  one  of  the 
most  important  points  to  be  ascertained  is,  the  question  of  its  pollu- 

tion by  sewage  and  other  deleterious  matters. 

The  determination  of  this  pollution,  its  extent  and  nature,  is 'at present  rather  unsettled.  It  is,  however,  believed  by  many  chemists 
that  a  contamination,  such  as  referred  to,  will  exercise  an  effect  upon 
the  gaseous  bodies  held  in  solution  in  a  water.  It  is  the  opinion  of 
many,  that  the  relative  quantity  of  oxygen  present  in  a  water  affords 
the  key  to  its  deterioration  by  organic  matter ;  because  it  is  unlikely 
that  a  large  quantity  of  oxygen  can  be  held  in  solution  by  a  water 

containing  oxidizable  matter.  "Waters  which  contain  their  normal proportion  of  oxygen,  in  relation  to  their  other  gaseous  constituents, 
Avould  be  regarded  as  free  from  sewage  and  decaying  matter  ;  a  dimi- 

nution in  the  quantity  of  oxygen  would  indicate  a  corresponding 
increase  in  the  amount  of  injurious  matter  present. 

The  late  Dr.  Miller's  analyses  of  the  gases  present  in  the  water  of 
the  Thames,  at  various  points,  clearly  proved  that  as  the  amount  of 
sewage  increased,  the  amount  of  carbonic  acid  increased,  and  the 
amount  of  oxygen  decreased. 

The  Elvers'  Pollution  Commissioners  state  in  their  sixth  Eeport 
that  the  proportion  of  oxygen  in  water  is  deprived  of  much  import- 

ance, since  it  has  been  discovered  that  deep  well  waters,  which  cannot 
contain  putrescent  organic  matter,  contain  little  or  no  dissolved  oxygen. 
The  absence  of  oxygen  in  deep  well  waters  may,  however,  be  owing 
to  its  having  oxidized  and  destroyed  the  organic  matter  the  water  pre- 

viously contained,  during  its  percolation  through  the  strata. 
In  the  presence  of  this  conflicting  testimony,  I  was  induced  to 

undertake  an  investigation,  in  the  hope  of  throwing  some  light  upon 
this  important  question — whether  or  not  the  amount  of  oxygen  pre- 

sent is,  or  is  not,  an  indication  of  the  freedom  of  a  water  from  injurious 
organic  bodies. 

In  commencing  the  inquiry  I  was  desirous  of  employing  some 
accurate,  and  yet  rapid,  method,  for  the  estimation  of  the  oxygen 

present ;  for  although  the  gasometric  operations  by  Bunsen's  method 
leave  nothing  to  be  desired  in  point  of  accuracy,  yet  on  account 
of  their  somewhat  tedious  nature  some  other  plan,  if  even  slightly  less 
accurate,  but  at  the  same  time  more  rapid,  would  be  desirable. 

Such  a  method  as  this  I  thought  might  be  afforded  by  the  process 
devised  by  Schutzenberger  for  the  volumetric  estimation  of  oxygen  in 
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oxygenated  liquids.^  As  the  estimation  is  made  without  the  removal 
of  the  oxygen  by  boiling,  and  in  the  condition  in  which  it  exists  in 
the  water,  such  a  plan  would  seem  to  be  more  desirable  than  its  ex- 

pulsion from  the  liquid,  together  with  the  other  gases  held  in  solution, 
and  their  subsequent  determination. 

I  now  proceed  to  give  the  results  I  have  obtained  by  means  of  this 
volumetric  process. 

Briefly  described,  the  method  consists  in  adding  a  known  volume 
of  the  water  under  experiment  to  a  solution  which  is  capable  of  being 
oxidized  (accompanied  by  a  change  of  colour  due  to  such  oxidation)  by 
the  oxygen  held  in  solution.  The  extent  to  which  this  has  occurred 
is  then  determined,  by  the  addition  of  a  powerful  reducing  agent, 

which,  acting  upon  the  coloiu'ed  compound  so  formed,  reduces  it  to  its 
former  condition — the  amount  necessary  being,  of  course,  indicated  by 
the  reverse  change  of  colour  to  that  which  occurred  in  the  first  in- 

stance. This  last  solution  being  standardized  in  terms  of  the  oxygen 
it  is  capable  of  taking  up,  from  the  amount  used  in  the  experiment 
we  arrive  at  the  volume  of  oxygen  contained  in  the  volume  of  water 
taken. 

The  re-agents  used  I  will  now  describe,  with  the  method,  and 
proportions  for  their  preparation  I  found  most  advantageous. 

The  reducing  agent  used  is  sodium  hyposulphite — not  the  com- 

monly so-called  "hyposulphite,"  but  the  sodium  salt  of  the  acid 
H2  SO3  ;  its  formula  as  given  by  Schutzenberger  is  ISTa  H  SOo.  I 

prepared  this  as  follows  : — A  concentrated  solution  of  caustic  soda 
(KaHO),  specific  gravity  1*4,  was  taken;  sulphurous  anhydride  (SOo) 
was  passed  through  it,  until  the  liquid  was  thoroughly  saturated,  and 
smelt  strongly  of  the  gas.  The  yellow  liquid  (which  was  kept  cool 
during  the  process  of  saturation  by  immersion  in  cold  water)  is  sodium 
bisulphite  (NaH  SO3) ;  it  increased  slightly  in  bulk,  and  was  reduced 

to  the  specific  gravity  of  about  1'34.  100  grammes  (75  cub.  cents.)  of 
this  solution  was  then  briskly  agitated  in  a  flask  with  6  grammes  of 
powdered  zinc,  air  being  excluded ;  an  elevation  of  temperature 
occurred,  the  bisulphite  being  converted  partly  into  the  hyposulphite, 
together  with  the  formation  of  sodium  sulphite  and  zincic  sulphite, 
according  to  the  following  equation  : 

3  NaH  SO3  +  Zn  =  Na  H  SOo  +  ̂a.  SO3  +  Zn  SO3  +  KO. 

After  agitation  for  about  five  minutes,  the  liquid  was  allowed  to  cool; 
400  cub.  cents,  of  water  recently  boiled  were  added ;  35  cub.  cents,  of 
milk  of  lime,  containing  200  grammes  of  CaO  per  litre,  were  also 
added,  and  the  mixture  allowed  tP  stand  until  clear,  when  it  was 
decanted  off  into  well-stoppered  bottles,  and  kept  in  the  dark. 
The  lime   solution  not   only  precipitates  the    zinc    salt,    but   also 

1  Bulletin  de  Chemie  et  Fhifsique,  v01.'*k. 
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renders  the  solution  less  absorbent  of  free  oxygen,  although  it  acts 
very  rapidly  upon  dissolved  oxygen.  Before  use  this  was  further 
diluted  with  three  times  its  bulk  of  distilled  water,  recently  boiled. 

The  liquid  recommended  by  which  the  change  of  colour  detects 
the  completion  of  the  process  is  either  carmine  indigo  (sulphindigo- 

tate  of  soda,  Cg  II4  JSTa  NOSO3),  or  Coupler's  aniline  blue.  10  grammes 
of  the  carmine  indigo  are  recommended  to  be  dissolved  in  one  litre 

of  water,  the  product  being  kept  in  well-stoppered  bottles  also  in  the 
dark. 

An  ammoniacal  solution  of  pure  copper  sulphate  is  also  recom- 

mended to  be  made,  containing  4*46  grammes  (or,  more  correctly, 
4*471  grammes)  of  the  crystallized  salt  per  litre.  This  is  to  be  used 
for  the  standardization  of  the  above  two  solutions. 

Since  the  reducing  agent  is  so  sensitive  to  the  presence  of  oxygen, 
it  is  necessary  to  make  the  estimations  in  an  atmosphere  of  pure  hydro- 

gen. To  ensure  the  purity  of  the  hydrogen,  I  passed  it  through  a 
solution  of  nitrate  of  silver,  in  addition  to  the  sulphuric  acid,  and  the 
tube  containing  pieces  of  caustic  potash. 

We  begin  by  finding  the  volume  relation  between  the  indigo  and 
hyposulphite.  The  burettes  of  the  apparatus  are  filled,  one  with 

indigo  carmine  solution,  the  other  with  hyposulphite  ;  a  rapid  ciu-- 
rent  of  hydrogen  is  passed  through  the  apparatus,  a  small  quantity  of 
warm  distilled  water  added,  and  this  coloured  by  the  addition  of  a 

small  quantity  of  indigo.  "We  now  add  cautiously  the  hyposulphite  ; the  blue  solution  turns  first  green,  and  finally  to  a  clear  yellow  tint. 
If  the  whole  of  the  air  has  been  expelled  from  the  apparatus,  the 
yellow  tint  will  remain  unchanged ;  the  slightest  trace  of  oxygen  causes 
the  surface  of  the  liquid  to  become  blue.  A  known  volume  of  indigo 
(25  cub.  cents.)  is  now  added,  and  the  hyposulphite  solution  again 
run  in  until  the  yellow  tint  appears,  indicative  of  the  reduction  of  the 
whole  of  the  indigo.  The  colour  change  is  exceedingly  sharp,  one 
drop  being  sufficient  to  change  the  colour  froni  green  to  yellow.  If 
the  solution  be  acid,  the  blue  colour  changes  first  to  red,  and  finally 
the  yellow  tint  appears. 

We  next  require  to  find  the  reducing  power  of  the  hyposulphite 
in  terms  of  oxygen,  finding  from  this  the  amount  of  oxygen  any  volume 
of  the  indigo  will  yield.  This  being  a  stable  solution,  the  hyposul- 

phite (being  liable  to  change)  can  be  readily  standardized  at  any  future 
time. 

Two  methods  can  be  used,  by  which  this  reducing  power  can  be 
found : 

Pirst.  By  finding  the  quantity  necessary  to  reduce  the  ammonia 
copper  solution,  i.e.,  the  amount  which  brings  the  blue  solution  to  a 
colourless  state,  by  the  reduction  of  the  cupric  to  cuprous  oxide,  10 

cub.  cents,  of  this  solution  yields  1  cub.  cent,  of  oxygen  (0°C.  760 
m.ra.s.  pres.)  to  the  redwcer.  25  cub.  cents,  are  operated  on  in 
a  smaller  apparatus,  similar  to  the  one  used  for  the  water  estima- 

tions.    I  find,  however,  that  the  C/Oilour  change  in  this  plaii  is  so  ijide- 

L2 
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finite,  and  diflScult,  even  to  the  practised  eye,  to  detect,  that  the  exact 
point  cannot  be  determined  with  any  degree  of  certainty. 

The  second  method  consists  in  obtaining  a  pure  water  saturated 
with  air,  and  then  finding  the  quantity  of  hyposulphite  capable  of 
abstracting  the  whole  of  its  oxygen. 

This  water  is  obtained  by  agitating  in  a  large  flask  about  one  litre 
of  distilled  water  with  free  access  of  air ;  the  agitation  is  continued 
for  about  a  quarter  of  an  hour.  To  find  the  amount  of  oxygen  in  a 
given  volume  of  the  water,  I  made  the  following  formula,  from  the 
consideration  of  the  relative  quantity  of  oxygen  present  in  the  air,, 
and  its  coefiicient  of  absorption  in  water  : 

P 
V  =  0-0262  X  a,o  X  r  X  — , 

9o in  which  we  have 

V  -  vol.  of  oxygen  in  cub.  cents,  at  0°  C.  and  760  m.m.s.  pres. 

ttfo  =  coefficient  of  absorption  of  oxygen  in  water  at  temp.  t°  C,  given 
by  Bunsen's  Tables. 

V  -  volume  of  water  employed,  temp.  t°  C. 

P  =  barometric  pressure  in  m.m.s. 

The  relation  between  the  saturated  water  and  the  hyposulphite  is 
foTind  in  exactly  the  same  way  as  the  method,  hereafter  described, 
for  the  oxygen  determination  in  waters.  I  found  that,  although  the 
hyposulphite  solution  was  about  the  strength  recommended,  the 
volume  relation  between  it  and  the  indigo,  instead  of  being  one  to  ten, 

was  equal.  As  the  indigo  solution  thus  appeared  ten  times  too  con- 
centrated, I  further  diluted  it  for  use. 

The  following  is  an  example  of  standardization  by  the  above 
method.  The  apparatus  was  in  every  way  regulated  as  described  for 

water  estimations : — 

Comparison  of  Hyposidpliite^ md  Indigo. 

Mean  of  five  experiments  gave 

25  cub.  cents,  indigo  =  7  cub.  cents,  hyposulphite. 

Comparison  of  Saturated  Water  and  I^^&ulpMte. 

Mean  of  five  experiments  gave 

75  cub.  cents,  of  water  =  2'4  cub.  cents,  hyposulx^hite, 
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from  wMch  is  found 

25  cub.  cents,  indigo  =  218-75  cub.  cents,  of  water. 

temperature  of  water  =  12*6°  C. 

barometric  pressure    =  744  m.m.s. 

"We  therefore  have 
744 

V  =  0-0262  X  0-031024  x  218-75  x  — -  =  1-392 ; 
9o therefore 

25  cub.  cents,  indigo  =  1-392  cub.  cents,  oxygen. 

I  made  determinations  on  different  days,  at  different  conditions  of 
temperature  and  pressure.  The  following  shows  the  quantity  of 
oxygen  25  cub.  cents,  of  indigo  was  calculated  to  yield  in  each  case  : 

Temp.       12-6^  C.        )    ̂   ̂ .393  ̂ ^^_  ̂ ^^^^^ Pressure,  744  m.m.s.  ) 

Temp.       15-5^  C.        )         j.^^g 
Pressure,  771  m.m.s.   )  >;        m 

Temp.       14-75°  C.      )    ̂   ̂ .g^^ 
Pressure,  752  m.m.s.  )  ?;        >> 

Mean,   =  1-398. 

The  small  amount  of  variation,  under  widely  different  conditions, 
-shows  this  method  of  standardization  to  be  a  reliable  one. 

I  now  proceed  to  give  the  method  for  the  estimation  of  oxygen 
contained  in  a  water.  Owing  to  the  change  which  the  hyposulphite 
undergoes,  it  is  necessary  that  a  comparison  between  it  and  the  indigo 
should  be  made  each  day.  After  this  has  been  done,  and  the  appara- 

tus freed  from  air  by  means  of  the  hydrogen,  200  cub.  cents,  of  warm 

water  (temp,  about  50°  C.)  are  then  added ;  50  cub.  cents,  of  indigo  are 
now  run  in.  This  I  usually  effected  in  portions  of  about  1 5  cub.  cents,  at 
a  time,  decolourizing  each  portion  by  means  of  the  hyposulphite,  thus 
utilizing  this  step  for  the  comparison  of  the  two  re-agents ;  effecting 
thereby  a  saving  of  time  and  material.  The  liquid  in  the  apparatus 
being  now  brought  to  the  yellow  neutral  tint,  a  measured  volume  of 
the  water  under  experiment  is  added — 75  cub.  cents.  I  found  a  con- 

venient quantity — taking  care  that  no  air  is  admitted  at  the  same 
time.  The  bleached  indigo  will  now  become  re-oxidised,  turning  from 
yellow  to  blue,  in  proportion  to  the  amount  of  oxygen  present  in  the 
water.  The  hyposulphite  is  now  cautiously  added,  until  we  again 
arrive  at  the  yellow  tint,  free  from  green ;  a  single  drop  of  the  re- 

agent is  sufficient  to  effect  the  colour  change  at  the  proper  point. 
From  the  quantity  used,  we  find  the  amount  of  oxygen  present  in  this 
75  cub.  cents,  of  water.     The  operation  can  be  repeated  over  again  on 
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another  voliime  of  the  water,  until  the  apparatus  becomes  incon- 
veniently full.  I  usually  made  from  four  to  six  such  experiments  in 

each  case.  The  temperature  of  the  apparatus  must  be  kept  at  about 

50^  C,  by  the  addition  of  warm  water  at  intervals ;  the  amount  of 
hyposulphite  required  becomes  gradually  less  as  the  apparatus  cools, 
giving  the  results  too  low. 

To  test  the  accuracy  of  the  method,  I  took  a  measured  volume  of 
the  same  water  at  the  time  of  the  experiments,  expelled  the  gases  by 
boiling,  collected  this  gaseous  mixture,  and  determined  its  volume  and 

composition  by  the  usual  methods  of  Bunsen's  gasometric  analysis. 
The  following  examples  are  taken,  to  illustrate  the  method  of  ana- 

lysis. 
Volumetric  Method. 

jMean  of  four  determinations  gave 

25  cub.  cents,  indigo  =  8"21  cub.  cents,  hyposulphite. 

This  quantity  of  indigo  we  before  found  to  yield  1-398  cub.  cents,  of 
oxygen.     Therefore 

8-21  cub.  cents,  hyposulphite  =  1-398  cub.  cents,  of  oxygen. 
Mean  of  five  determinations  gave 

3-55  cub.  cents,  hyposulphite  =  75  cub.  cents,  of  water. 

Prom  this  we  find  the  quantity  of  oxygen  contained  in  2-420  litres  of 
water — the  volume  used  in  the  gasometric  method. 

2-420  litres  of  water  contain  19-505  cub.  cents,  of  oxygen. 

Gasometric  Method. 

Yolume  used,   2-420 
Temperature  of  water,     .     .     .     13°  C. 

litres. 

0 

0  =  ft 
Volume. Tempera- 

ture 
Pressure 

>  1 «-    ' 

"Uo    E 

in  o°C. 
°     h 

"  °  S 

t"^  0 

Total  vol.  of  Gas  evolved,  . 
302-56 

13-9 

737 

268-8 

237-719 

After  absorption  of  CO2,     . 316-149 

14-9 
745 229-2 

193-959 

■  After  the  admission  of  H,  . 

503-6 
14-4 

765 

55-2 

439-066 

After  explosion,  .... 
325-96 

12-4 771 

230-5 

217-337 
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Percentage  Volume  Composition. 

Carbonic  acid,    18'408 
Oxygen,    31-091 
Mtrogen,    •     •     •  50-500 

Total,    99-999 

Absolute  Volume  Com,position  in  Cub.  Cents. 

Carbonic  acid,   10-238 
Oxygen,   17-294 

E'itrogen,   '   28-087 

Total,       55-619 

Cub.  Cents. 

Yolume  of  oxygen  by  Yolumetric  method,     19-505 

,,  ,,         ,,   Gasometric       ,,  17-294 

Excess  given  by  Yolumetric  method,      2-211 

Other  samples  from  the  same  source  were  also  experimented  upon, 
the  results  being  variable. 

"Water  of  a  different  character  to  this  last  was  also  experimented 
upon,  -with  the  following  result : — 

Volumetric  Method. 

llean  of  three  determinations  gave 

25  cub.  cents,  indigo  -  7'25  cub.  cents,  hyposulphite ; 
therefore 

7-25  cub.  cents,  hyposulphite  =  1-398  cub.  cents,  oxygen. 

Mean  of  four  determinations  gave 

3-42  cub.  cents,  hyposulphite  -  75  cub.  cents,  water. 

I'rom  this  we  find 

2-420  litres  of  water  contain  12-486  cub.  cents,  of  oxygen. 
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Gasometric  Method. 

Volume  used,   2-420  litres. 

Temperature  of  water,     .     ,     .     11°C. 
3.SE 

1)  -(J    r^ 

Volume. Tempera- 
ture Pressure 

:3  c^  0 

"o      i 

U 

211-8 

"  °  a 

403-95 
Total  vol.  of  Gas  evolyed,  . 612-73 8-4 

736-5 

Gas  used,   
369-04 S-4 

736-5 
211-8 

243-294 

After  absorption  of  CO2,    . 240-16 8-8 

729-5 327-5 

123-063 

After  admission  of  H,  .     . 364-97 8-8 

729-0 187-5 

253-313 

After  explosion,  .... 

261-2 

8-7 

729-5 

296 141-584 

Percentage  Compositio7i. 

Carbonic  acid,   49-418 
Oxygen,   15-308 
Nitrogen,   35-274 

Total,   100-000 

Absolute  Volume  Composition  in  Cul.  Cents. 

Carbonic  acid,   46-715 
Oxygen,   14-471 
Nitrogen,   33-343 

Total,   94-529 

Volume  of  oxygen  by  Volumetric  method,  12-486 

,,  ,,         ,,  Gasometric      ,,     ,  14-471 

Difference,   1-985 

In  tbis  case  the  Volumetric  method  shows  a  less  volume  of  oxygen. 
than  the  Gasometric  method.     This,  I  think,  is  attributable  to  the 
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large  quantity  of  carbonic  acid  present ;  for,  as  Schutzenberger  points 
•out,  when  an  acid  is  present  in  appreciable  quantity,  even  such,  a  weak 
acid  as  carbonic  acid,  the  results  given  are  invariably  too  low ;  hence 
this  metbod  would  not  be  applicable,  with  any  degree  of  accuracy,  to 

•waters  in  wbicb  a  large  quantity  of  carbonic  acid  is  present. 
I  made  numerous  determinations,  from  which,  the  two  foregoing 

examples  are  selected ;  but  none  of  them  showed  any  trustworthy 
results ;  in  some  cases  the  volume  of  oxygen  obtained  being  in  excess, 
and  in  others  less  than  that  obtained  by  the  Gasometric  method. 

The  variability  of  the  results  led  me  to  inquire  into  the  source  of 
these  discrepancies,  and  how  they  might  be  avoided. 

Noticing  that  a  change  of  colour  in  the  yellow  neutral  tint  seemed 
to  occur  to  a  greater  extent  than  it  should  do  on  the  addition  of  re- 

cently boiled  distilled  water,  I  made  the  following  experiments. 
Distilled  water  was  boiled  in  a  flask  fitted  with  a  cork  and  exit 

valve  so  as  to  avoid  contact  with  air,  for  over  four  hours.  The  appara- 
tus was  prepared  as  usual  with  indigo  and  hyposulphite,  the  tem- 

perature being  kept  at  50°  C.  The  boiled  water,  which  was  kept  in 
well-stoppered  bottles,  was  then  added  in  successive  portions  of  75  cub. 

•cents,  at  a  temperature  of  55°  C.  On  each  addition  a  blue  colouration 
was  produced  in  the  yellow  neutral  liquid,  just  as  if  oxygen  had  been 
absorbed  by  the  reduced  indigo.  The  amount  of  colour  change  was 
determined  as  usual  by  the  addition  of  hyposulphite.  The  mean  of 

five  experiments  showed  that  2-9  cub.  cents,  were  necessary  to  bring 
back  the  yellow  tint.  This  quantity  was  found  to  be  equivalent  to 

3"86  cub.  cents,  of  indigo,  or  0"201  cub.  cents,  of  oxygen. 
Unwilling  to  think  that  this  was  due  to  oxygen  which  had  been 

left  unexpelled  by  ebullition,  I  boiled  recently-distilled  water  in  long- 
necked  flasks,  fitted  with  corks  and  exit  valves,  for  over  five  hours.  The 

apparatus  was  prepared  as  usual,  but  in  this  case  water  at  100°  C.  was 
used,  and  the  body  of  the  apparatus  immersed  in  water  kept  at  100°  C. 
Portions  of  75  cub.  cents,  of  water  were  removed  from  the  flasks 

whilst  in  a  state  of  ebullition,  and  introduced  into  the  apparatus ;  each 

addition  caused  a  change  of  colour  fi'om  yellow  to  blue.  The  mean  of 
five  experiments  showed  that  1'25  cub.  cents,  of  hyposulphite  was 
necessary  to  destroy  the  colour. 

1-25  cub.  cents,  hyposulphite  =  1*66  cub.  cents,  indigo  =  0-08 
cub.  cents,  of  oxygen. 

After  boiling  for  over  six  hours,  the  water  was  allowed  to  cool,  out 
of  contact  with  the  air,  and  in  withdrawing  portions  from  it  coal  gas 
was  aspirated  in,  instead  of  air,  so  as  to  avoid  as  far  as  possible  contact 
with  oxygen. 

The  same  experiments  were  tried  at  the  ordinary  temperature 

(16*75°  C),  and  the  same  volume  of  water  (75  cub.  cents.)  used.  The 
mean  of  four  experiments  gave  the  colour  change  equivalent  to  1"3 
cub.  cents,  of  hyposulphite  =  r56  cub.  cents,  of  indigo,  or  0-087  cub. 
cents,  of  oxygen. 

The  same  experiments  were  now  made  at  the  temperature  O'C,  by 
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cooling  the  boiled  water  previous  to  its  addition,  and  immersing  tlie 
apparatus  in  a  bath,  cooled  by  a  mixture  of  ice  and  salt.  The  results- 
in  this  case  were  variable,  the  introduction  of  75  cub.  cents,  of  -water 
requiring  from  0-9  to  2*4  of  the  hyposulphite.  I  found  this  to  be  due 
to  the  length  of  time  the  apparatus  was  allowed  to  stand  in  the  bath, 
after  the  introduction  of  the  water.  The  longer  the  time,  the  less  the 

quantity  of  the  re-agent  required  to  destroy  the  blue  tint  produced. 
To  make  certain  that  such  a  change  did  occur,  I  brought  the  liquid  to 
the  yellow  tint,  and  then  added  a  few  drops  of  indigo,  so  as  to  produce 
a  distinct  green  colour.  On  allowing  the  apparatus  to  stand  in  the 
bath,  this  gradually  disappeared.  I  tried  this  several  times,  adding 
vaiiable  quantities  of  indigo  in  excess ;  but  in  all  cases  (within  cer- 

tain limits),  when  allowed  to  stand  in  the  cold  water,  the  green  colour 
was  gradually  replaced  by  the  yellow  tint,  just  as  if  a  quantity  of 
hyposulphite  had  been  added. 

I  attempted  to  remove  these  errors  by  a  modification  in  the  method 
of  procedure. 

The  burette  used  for  the  indigo  was  replaced  by  a  lai-ger  one  (100 
cub.  cents,  capacity).  After  placing  in  the  apparatus  a  quantity  of 
indigo  solution,  expelling  the  air,  and  bringing  to  the  neutral  point 
as  usual,  a  known  excess  of  the  hyposulphite  was  added.  Saturated 
water,  as  before  described,  was  then  added  from  the  large  burette,  so 
as  to  oxidize  the  excess  of  hyposulphite,  and  just  tinge  the  liquid 
green.  From  the  volume  required,  by  using  the  formula  before  given, 
the  volume  of  oxygen  contained  in  tliis  can  be  found ;  hence  the  equi- 

valence of  the  excess  of  hyposulphite  in  terms  of  oxygen.  The  same 
operation  is  performed  with  the  water  under  experiment  acting  upon 
the  same  excess  of  hyposulphite.  The  relation  between  the  volume 
used  and  that  of  the  saturated  water  gives  the  amount  of  oxygen  in 
the  liquid.  Any  errors  resulting  from  change  in  the  solution  would 
thus  be  eliminated,  and  the  calculations  simplified.  On  trying  this 
method,  I  did  not  find  the  results  any  more  satisfactory  than  the  origi- 

nal method,  although  performed  with  the  greatest  care :  they  gave 
quantities  in  excess  of  that  given  by  the  Gasometric  method.  Thus,, 
in  2"420  litres  of  water, 

Cub.  Cents. 

Yolumetric  modification  gave,     .     .     .     .     15-133 
Gasometric  method   12-650 

Excess,   2-483 

Although  tliis  Yolumetric  method  possesses  the  great  merit  of  exceed- 
ing rapidity,  yet  the  many  precautions  necessary  to  be  taken  greatly 

detracts  from  the  value  and  reliability  of  the  results.  It  seems  to  be 
better  suited  for  the  detennination  of  oxygen  in  small  rather  than  in 
large  quantities  of  a  liquid,  si;ch  as  are  desirable  in  water  estimations. 

It  is  also  valuable  as  a  means  of  showing  whether  it  would  be  desii'a- 
ble  to  estimate  the  amoiint  of  oxygen  present  in  a  water,  by  the  more 
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•accurate  methods.  The  process  adopted  by  Schutzenberger  for  check- 
ing the  results  appears  to  have  been,  submitting  the  liquid  to  the 

action  of  the  mercury  pump  for  fifteen  or  twenty  minutes.  I  do  not 
think  this  is  sufficient,  for,  in  expelling  the  mixed  gases  from  a  water 
by  boiling,  I  have  found  that  traces  of  gas  are  given  off  even  after 
a  considerable  period. 

One  great  drawback  is  the  considerable  amount  of  change  the' 
hyposulphite  solution  undergoes,  even  when  excluded  from  the  air 
and  kept  in  the  dark.  The  following  give  the  volume  ratios  between 
it  and  the  indigo,  as  taken  on  different  days,  showing  the  extent  of 
this  change : — 

Oct.  23rd. — 25  cub.  cents,  indigo  =    7      cub.  cents,  hyposulphite. 
,,     25th. — 25     ,,        ,,  ,,       =    7"84    ,,       „  ,, 
,,     27th. — 25    ,,        ,,  ,,       =    9"8      ,,       ,,  ,, 

Nov.    1st.— 25    „        ,,  ,,       =  13  ,,       „  ,, 
„       6th.— 25    „        „  „       =20-75    „       „ 

These  investigations  were  carried  out  in  the  Chemical  Laboratories 

of  the  Eoyal  College  of  Science,  under  the  supervision  of  Professor- 
Galloway. 
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JXXIII. — Ptjethee  Eeseaeches  on  the  stjpposed  Substitftion  of  Zikc 

roK  Magj^esitm  in  Mineeaxs.^  By  Ed-waed  T.  Haedhan,  F.  C.S., 
&c.,  Geological  Survey  of  Ireland. 

[Eead,  February  25,  1878.] 

SoiTE  time  ago,  during  the  analysis  of  chalk  from  the  county  Tyrone, 
I  noticed  that  the  specimens  examined  contained  traces  of  zinc,  and  I 
also  found  that  metal  in  small  quantity  in  the  overlying  hasalts.  It 
subsequently  occurred  to  me  that,  owing  to  its  marked  relations  in 
physical  and  chemical  characters  to  magnesium,  zinc  might  he  ex- 

pected to  occur  in  rocks  or  minerals  containing  compounds  of  the  latter 
metal.  Accordingly,  I  made  some  analyses  of  such  magnesium  mine- 

rals as  I  had  at  hand,  and  the  results,  which  fully  equalled  my  expec- 
tations, were  laid  before  this  Academy,  and  printed  in  the  Proceedings 

for  1874.  Those  analyses  comprised  some  eight  or  ten  rocks  or  mi- 
nerals characterised  by  magnesian  compounds.  Since  then,  in  the 

intervals  of  other  chemical  research,  I  have  continued  this  investi- 
gation, and  in  nearly  every  instance  I  have  obtained  small  quantities 

of  zinc  combined  in  these  magnesian  rocks  or  minerals,  and  also  in  a 
few  cases  in  minerals  of  the  metals  belonging  to  the  same  isomorphous 
groups  as  zinc  and  magnesium — for  instance,  in  iron  pyrites,  and 
in  limestone,  in  which  there  was  little  or  no  magnesia.  I  give  below 
a  list  of  twenty  different  specimens  from  various  places,  in  all  of 
which  zinc  is  unmistakeably  present,  and  often  in  very  appreciable 
quantity. 

Method  of  Analysis. — In  all  but  one  or  two  cases  the  analysis  was 
twofold.  First,  an  examination  with  the  blowpipe  was  made,  and 
then  if  zinc  was  indicated,  a  complete  analysis  in  the  wet  way.  In 
many  instances  the  blowpipe  results  were  so  strongly  marked,  and 
so  unmistakeably  showed  the  presence  of  zinc,  that  a  wet  analysis  was 
really  superfluous.  But  to  put  the  matter  beyond  all  question,  it  was 
j)erformed  on  a  sufficiently  large  quantity  of  the  rock  or  mineral. 

Por  details  as  to  the  analytical  methods  adopted,  I  shall  only 
refer  to  my  foimer  Papers  on  this  subject,  where  they  are  given  fully. 
There  is  one  point  worth  mentioning,  however,  in  this  conjiexion. 
It  appears  to  be  usually  the  impression  that  the  only  reliable  blow- 

pipe tests  for  zinc  are  the  white  incrustation,  and  the  green  colour 
imparted  by  nitrate  of  cobalt ;  and  that  it  is  too  volatile  to  be  reduced 
to  the  metallic  state  on  charcoal.  Such  appears  to  be  the  idea  on 
which  are  based  the  directions  for  its  detection,  in  many  books  on  Chemi- 

cal Analysis,  or  special  works  on  the  Blowpipe,  but  it  is  an  erroneous 

'  See  ' '  Analysis  of  Chalk,  County  Tyrone,  -witli  Note  on  the  Occurrence  of  Zinf. 
therein,"  Journal  Roy  fd  Geological  Society  of  Ireland,  vol.  iii.,  p.  159.  Also  Geological 
2fogazi7ic,  vol.  x.,  p.  434  ;  and  "  On  a  supposed  Substitution  of  Zinc  for  Magnesium 

in  Minerals,"  Proceedings  Eo'yal  Irish  Academy,  vol.  i.  Ser.  2  (Science),  p.  534. 
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one,  for  with  care  the  metal  is  easily  reducible,  With  less  than  half 
a  grain  of  mineral,  containing  a  mere  trace  of  zinc,  fused  on  one  of 

Griffin's  reduction  pastiles,  I  have  obtained  sufficient  of  the  metal  to 
apply  the  most  characteristic  wet  tests,  and  such  as  could  leave  no 
doubt  as  to  the  nature  of  it ;  while  with  large  capsules,  and  a  properly 
managed  reducing  flame,  the  feat  is  perfectly  easy  with  larger  quan- 
tities. 

The  following  list  gives  the  principal  specimens  in  which  I  have 
found  zinc  : — 

(1).  Talc  Schist  from  the  sea  shore,  Mullaghglass,  county  Galway,'^ 
containing  large,  well-defined  hornblende  crystals.  The  blowpipe 
analysis  gave  strong  indications  of  zinc.  This  was  confirmed  by  a  wet 
analysis,  which  showed  the  presence  of  zinc  in  appreciable  quantity. 
Small  quantities  of  copper,  silver,  lead,  and  nickel  were  also  present. 

(2).  Hornblende. — The  crystals  from  the  above  also  contained 
zinc. 

(3).  JDarh-green  Serpentine  from  JS".  slope  of  Croagh  Patrick  Moun- tain, county  Mayo,  contains  considerable  traces  of  zinc ;  also  copper, 
and  a  small  quantity  of  nickel,  quite  enough  for  estimation.  This 
fact  deserves  particular  notice,  since  it  is  the  only  serpentine  in  this 
country,  as  far  as  I  am  aware,  in  which  nickel  has  yet  been  observed. 

Doubtless  it  is  of  not  unfrequent  occurrence  in  such  rocks,  but  Dana's 
lists  of  analysis  only  mention  a  few  localities,  most  of  which  are  Ameri- 

can.^ It  might  be  expected  also  to  occur  in  magnesian  rocks,  its  com- 
pounds being  isomorphous  with  the  corresponding  ones  of  magnesium 

and  zinc  ;  and,  in  fact,  I  have  often  met  with  it  in  such  rocks,  but 
never  in  such  large  quantity  as  in  this  specimen. 

(4).  Flesh-coloured  Dolomite  from  the  carboniferous  limestone  of 
Ballyfoyle,  near  Kilkenny.  The  blowpipe  showed  zinc  to  be  present, 
which  was  confirmed  fully  by  a  wet  analysis.  Small  quantities  of 
copper  and  lead  were  also  present. 

(5).  Dolomite  from  Ballyfoyle,  similar  to  above.  Presence  of  zinc 
shown  by  blowpipe  and  wet  analysis.  In  both  these  in  small  quan- 

tity for  magnesian  rocks. 

(6).  Dolomite  from-  Clara,  near  Kilkenny,  similar  to  the  above ; 
extremely  friable,  contains  crystals  of  calcspar;  blowpipe  examina- 

tion proved  the  presence  of  both  zinc  and  lead.  Two  wet  analyses 
confirmed  this,  and  showed  the  zinc  to  exist  in  estimatable  quantity. 

2  For  tliis  and  other  Galway  and  Mayo  specimens  I  am  indetted  to  my  col- 
league Mr.  G.  H.  Kinahan,  M.  R.  I.  A.  For  several  others,  to  my  colleagues 

Mr.  Nolan,  M.  R.  I.  A.,  and  Mr.  Henry. 

^  Since  ■srriting  this  I  find  it  has  heen  noticed  in  the  black  serpentine  of  the 
Lizard.  See  Rev.  T.  G.  Bonney,  M.  A.,  and  W.  H.  Hudleston,  Esq.,  M.  A., 

"  On  the  Serpentine  and  Associated  Rocks  of  the  Lizard  District,"  Journal  Geo- 
logical Society  of  London,  1877,  p.  925.  Mr.  Kinahan  informs  me  that  nickeUferous 

pyrrhotite  occurs  in  veins  in  the  old  beds  of  the  Croagh  Patrick  distiict.  The  age 
of  their  veins  is,  however,  not  cartain. 
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(7).  Verp  compact  Crystalline  Ifagnesian  Limestone  from  Tawnagh, 
Toormakeady,  county  Mayo.  Associated  vrith.  upper  Silurian  rocks 
and  bedded  igneous  rocks.  The  blowpipe  and  subsequent  wet  analysis 
showed  the  presence  of  zinc  in  small  quantity. 

(8).  Sornllende  Schist  from  Inish-gloria  Island,  Belmullet,  county 
Mayo,  gave  small  traces  of  zinc. 

(9).  Sornhlende  Eoch  from  Annagh  Head,  Belmullet.  Blowpipe 
examination  proved  this  to  contain  zinc  in  very  appreciable  quantity, 
confirmed  by  subsequent  wet  analysis.     A  little  copper  present. 

(10).  Very  pure  Talc  from  county  Galway.  The  blowpipe  showed 
considerable  traces  of  zinc,  and  some  of  lead.     Zinc  very  distinct. 

(11).  BlacJc  Mica  from  a  vein  in  the  summit  of  Liss-oughter,  county 
Galway.  The  blowpipe  gave  the  usual  indications  of  zinc  very  dis- 

tinctly. Quite  a  number  of  spangles  of  zinc  were  reduced.  "Wet analysis  confirmed  its  presence.  Traces  of  copper  and  lead  were  also 
obsei'ved. 

(12).  OrtJwclase  Felspar  from  a  felstone  porphyry,  county  Mayo. 
The  blowpipe  gave  faint  indications  of  zinc.  On  reduction,  a  few  tiny 
spangles  were  obtained,  which  gave  the  usual  zinc  reactions.  The 
very  small  quantity  of  zinc  present  is  thoroughly  consistent  with  the 
theory  of  its  connexion  with  magnesium,  since  orthoclase  contains 
usually  a  very  trifling  amount  of  that  metal. 

(13).  Sornllendic  Epidotic  Roclc  containing  numerous  radiated 

nests  of  Actinolite  or  Tremolite,  fi^om  Cannaver  Island,  Lough  Conib. 
This  rock  is  described  by  Mr.  Kinahan  as  passing  into  serpentine 

rocks.*  The  actinolite  is  almost  infusible,  and  appears  to  be  a  highly 

magnesian  variety,  ̂ "ith  the  blowpipe  it  gave  abundant  indications of  zinc.  The  mineral  reduced  with  carbonate  of  soda  yielded  a  large 

quantity  of  spangles  of  metal  easily  soluble  with  evolution  of  hydi'o- 
gen,  in  dilute  hydi'ochloric  acid.  A  wet  analysis  fully  confirmed  this. 
Traces  of  copper  and  lead  were  also  obseiwed. 

(14).  A  Serpentine  Roclc  from  IS".  "W.  slope  of  Croagh  Patrick, county  Mayo.  In  a  compact  base  contains  crystals  of  hornblende,  and 
layers  of  fibrous  serpentine.  The  fibrous  serpentine,  reduced  with 
c-arbonate  of  soda,  gave  numerous  spangles  of  zinc,  which  afforded  the 
usual  zincic  reactions. 

(15).  Chlorite  fi'om  a  granite  fi'om  Limehill,  near  Pomeroy,  county 
Tyi'one.     Traces  of  zinc  very  distinct. 

(16).  A  dark  grap>hitoidal  steatitic  Aryillite  from  county  Mayo. 
Examined  with  blowpipe.     Indications  of  zinc  distinct. 

(17).  Very  px^re  greenish  Steatite  from  county  Mayo.  The  blowpipe 
analysis  of  this  yielded  a  large  indication  of  zinc  and  nickel ;  also  traces 
of  lead.  This  specimen  contained  an  estimatable  quantity  of  nickel ; 
and  in  order  to  be  certain  of  the  presence  of  zinc,  which  was  rendered 

^  Ex.  Mem  Sheet  95,  Geological  Survey,  Ireland,  pp.  13  and  33. 
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difficult  by  the  presence  of  the  former  metal,  no  less  than  four  distinct 
wet  analyses  from  different  portions  of  the  mineral  were  made.  In 

all  of  these  both  nickel  and  zinc  "were  present,  the  former  somewhat 
abundantly. 

(18).  Talc  Roclc  from  Crohy  Head,  county  Donegal.  Prom  Geolo- 
gical Survey  Collection.  A  white  or  cream-coloured  rock.  The 

blowpipe  examination  proved  in  this  the  presence  of  zinc,  together 
with  small  traces  of  copper  and  lead.  A  proof  experiment  with 
another  portion  of  the  mineral,  boiled  in  strong  hydrochloric  acid, 
showed  the  zinc  to  be  present  in  appreciable  quantity. 

(19).  Iron  Pyrites.  The  last  mineral  contains  numerous  small 
crystals  of  iron  pyrites.  These,  examined  in  the  usual  way,  yielded 
zinc.  As  I  have  already  remarked,  ferrous  iron  belongs  to  the  mag- 

nesium group. 
(20).  Actinolite  Rock  from  Cannaver  Island,  Lough  Corrib.  Similar 

to  No.  13.  Blowpipe  analysis  proved  this  to  contain  zinc  in  the  same 
quantity  as  in  j!^o.  13. 

(21).  &er][jentine  from  Liss-oughter,  county  Gal  way.  "With  the 
blowpipe  a  remarkably  distinct  indication  of  zinc.  The  mineral,  re- 

duced with  carbonate  of  soda,  yielded  quite  enough  metal  for  identifi- 
cation. Besides  zinc,  nickel  is  also  present  in  some  quantity,  and  there 

are  traces  of  silver  and  tin. 

"What  I  wish  to  urge  upon  your  attention,  as  the  result  of  these 
investigations,  is  the  almost  invariable  occurrence  of  zinc  in  the  mine- 

rals examined.  I  have  already  shown  that  the  presence  of  zinc  as  an 
accessory  component  of  minerals  has  been  almost  entirely  neglected — 
in  fact  it  is  only  mentioned  where  it  occiirs  in  considerable  quantity, 
as  in  Pranklinite  or  Automolite  ;  and  so  uncommon  is  it  looked  on  as 

an  accessory,  that  the  only  augite  in  which  its  presence  had  been  re- 
corded before  I  had  commenced  this  research  was  dignified  with  a 

special  name — Jeffersonite.^ 

"When  a  metal  not  usually  occurring  in  rocks  in  any  large  quantity is  recorded,  it  is  usually  because  it  exceptionally  occurs  so  abundantly 
that  its  presence  cannot  well  be  overlooked ;  and  it  is  only  in  such 
cases  that  zinc  has  been  hitherto  observed.  It  appears,  however, 
that,  like  many  other  substances,  it  only  requires  to  be  sought  after ; 
and  that  its  presence  is  not  simply  accidental,  but  the  result  of  the 
invariable  chemical  laws  of  affinity  and  isomorphism ;  and  I  submit 
that  zinc  is  as  much  to  be  regarded  as  an  almost  constant  associate  of 
the  magnesium  group  as  indium  and  osmium  with  platinum  ;  nio- 

bium with  tantalum ;  rhuthenium  and  rhodium  with  palladium,  and 
so  on. 

In  all  the  instances  I  have  noted  in  this  and  my  former  Paper, 
the  quantity  of  zinc  is  small ;  but  this  again  is  really  in  favour  of  my 
view.     Had  the  metal  occurred  in  large  quantity  in  portions  of  the 

Dana,  System  of  Mlncra'ogy  (187-3,  p.  215;. 
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rock,  -we  sIlouIcI  be  entitled  to  consider  its  presence  accidental ;  bnt 
its  occurrence  in  small  amount,  and  its  being  generally  diffused  in  the 
rock  or  mineral,  proves  it  to  be  truly  a  constituent. 

A  lode  or  thick  deposit  of  zinc  ore  Tvould  be  an  accidental  de- 
posit ;  but  it  is  from  the  infinitesimal  quantities  of  this  metal  dis- 

seminated throughout  rocks  that  workable  accumulations  are  derived. 
As  Bischof  remarks,  the  minimum  of  a  mineral  in  rocks  becomes  the 
maximum  in  lodes ;  and,  although  the  small  traces  of  zinc  in  the 
specimens  given  above  may  appear  insignificant,  it  must  be  remembered 
that  a  knovrledge  of  the  fact  of  the  diffusion  of  minute  quantities  of 

the  metallic  compounds  thi'ough  rocks  leads  to  a  correct  notion  of  the 
formation  of  mineral  veins,  as  otherwise  we  should  be  compelled  to 

regard  them  as  exotic  productions,  derived  fi'om  unknown  sources. 
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XXIY. — On  the  Is'igative  Pedax  of  a  Centeal  Cojtic.     By  John C,  Malet,  M.  A. 

[Read,  Februaiy  25,  1878.] 

Abstkacx. 

Having  in  some  preliminary  investigations  proved  a  certain  property 
of  circular  cubic  curves  which.  I  require  for  the  direct  object  of  my 
Paper,  I  then  investigate  directly  the  principal  properties  of  the  first 
negative  pedal  of  a  central  conic  from  any  point.  Many  of  these  pro- 

perties I  show  are  also  true  for  a  more  general  class  of  curves,  viz.  : 

unicursal  sextics  -with  six  cusps  :  thus  for  any  such  curve  the  follow- 
ing properties  are  true  : — 

(1),  The  six  cusps  lie  on  a  conic. 
(2).  The  six  cuspidal  tangents  touch  a  conic, 
(3).  The  eight  tangents  at  the  four  double  points  touch  a  conic. 
(4).  The  six  points  of  contact  of  the  three  double  tangents  lie  on 

a  conic. 

I  prove,  however,  many  less  general  properties  of  the  curve  I 

consider,  which  I  believe  are  worth  noticing — for  example  : — 

"  If  we  take  the  fii'st  negative  pedal  of  a  central  conic  from  any 
point  on  either  axis,  then  the  six  tangents  to  the  curve  from  the  cusps, 

but  distinct  from  the  cuspidal  tangents,  all  touch  the  same  conic." 

Again  : — 

"The  sixteen  tangents  at  the  eight  double  points  of  the  nega- 
tive pedals,  with  respect  to  the  origin  of  the  conies 

ac(?  +  hf  +  2gx  +  2fy  +  c  =  0, 
and 

5."/r  +  ((y"-   +  2gx  +  2fy  -  c  =  0, 

all  touch  the  same  conic." 

The  last  part  of  my  Paper  is  occupied  with  the  consideration  of  a 
curve  which  is  the  locus  of  the  centre  of  a  variable  ch'cle,  which  cuts 
orthogonally  a  given  circle  and  touches  a  given  curve.  Prom  the  equa- 

tion of  this  locus  I  prove  that  we  may  at  once  deduce  the  equations  of 

the  following  curves :  — 

(1).  The  negative  pedal  of  the  given  curve. 
(2).  The  parallel  of  the  given  curve. 
(3).  The  negative  pedal  of  the  parallel  of  the  given  curve. 

(4).  The  locus  of  the  centre  of  a  variable  cii'cle  which  touches  the curve  and  a  fixed  circle. 

I  conclude  by  showing  that  wc  can  form  the  equations  of  the 
parallel  et  cetera  of  a  surface  in  an  analogous  manner. 

K.  1.  A.  I'llOC,  SEK.  II.,  VOL.  Ill,   SCIEXCEi  M 
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XXV. — On  the  Exteaction  op  Iodine  and  Eeomine  eeoii  Kelp.  By 
EoBEET  Galloway,  P.  C.  S.,  Professor  of  Chemistry  in  the  Eoyal 
College  of  Science  for  Ireland. 

[Keacl,  April  8,  1878.] 

Hating  had,  some  time  ago,  facilities  for  becoming  completely  ac- 
quainted with  the  manufactming  processes  followed  for  the  extraction 

of  iodine,  bromine,  and  the  potash  salts  from  kelp,  I  devoted  a  consi- 
derable portion  of  time  to  the  study  of  this  branch  of  manufacturing 

industry.  It  is  one  of  the  manufactures  which  ought  to  floimsh  in 
Ireland,  owing  to  the  large  quantity  of  the  raw  material  (sea- weed) 
which  can  be  obtained  in  this  country.  I  am  sorry  to  have  to  state 
that  there  is  now  no  kelp  factory  in  Ireland ;  the  only  buyers  of  Irish 
kelp  at  the  present  time  are  the  Scotch  manufacturers. 

The  description  in  works  on  Chemistry,  of  the  processes  followed 
for  the  extraction  of  the  kelp  products,  are  very  meagre  in  a  manu- 

facturing point  of  view,  especially  as  regards  the  extraction  of  the 
two  most  valuable  substances,  iodine  and  bromine,  and  these  two  sub- 

stances are  the  most  difficult  to  extract  with  manufacturing  success. 
The  descriptions  state  that  such  and  such  processes  are  followed ;  but 
important  details  are  altogether  omitted,  as,  for  instance,  the  condi- 

tions most  suitable  for  carrying  out  the  processes  successfully,  and  the 
different  precautions  which  ought  to  be  observed. 

Iodine  was  at  one  time  a  monopoly.  The  iodine  manufacturers  com- 
bined together  not  to  sell  this  substance  under  a  certain  price ;  which, 

like  almost  all  other  monopolies,  had  the  effect  of  impeding  rather 
than  of  promoting  improvement  in  this  branch  of  manufacture.  The 
monopoly  exists,  I  believe,  no  longer :  new  sources  of  supply  of  the 
substances  I  have  termed  kelp  products — iodine  from  the  mother 
liquors  obtained  in  refining  the  nitrate  of  soda  in  Peru,  bromine  and 
potassic  chloride  from  the  salt  beds  in  Prussia — have  not  only  extin- 

guished it,  but  have  also  rendered  necessary  the"  adoption  of  superior and  more  economical  methods  in  the  extraction  of  these  substances  from 

kelp,  for  the  continuance  of  kelp  being  employed  as  a  raw  material. 
Many  methods  have  been  proposed  for  the  extraction  of  the  two 

metalloids,  iodine  and  bromine,  from  the  ash  of  sea-weed ;  but  the 
only  one,  as  far  as  I  am  aware,  which  has  been  followed  in  the  United 
Kingdom,  at  least  up  to  a  very  recent  period,  is  the  one  ascribed  to 

"WoUaston.  By  this  method  they  are  set  free  from  the  metals  with 
which  they  are  combined  by  the  addition  of  sulphuric  acid  and  man- 

ganese peroxide  to  the  mother  liquor  which  remains  after  the  extrac- 
tion (of  course  as  far  as  it  is  practicable)  of  potassic  sulphate  and 

chloride,  and  what  are  termed  the  kelj)  salts,  which  are  a  mixture  of 
sodic  sulphate,  carbonate,  and  chloride. 

The  sulphuric  acid  is  added  for  a  twofold  purpose :  a  portion  is 
required  for  the  decomposition  of  the  alkaline  sulphides,  sulphites, 
and  hyposulphites,  present  in  the  mother  liquor;  the  other  portion, 
along  with  the  manganese  oxide,  liberates  the  iodine  and  bromine 

from  their  combinations.     "When  the  sulphiu',  wliich  is  set  free  fi'om 
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the  decomposition  of  the  hyposulphites,  has  completely  deposited,  the 
clear  liquid  is  drawn  off  into  the  iodine  still,  and  the  manganese  per- 

oxide is  then  added  to  it. 

When  this  process  first  came  into  operation,  bromine  had  not  been 
discovered  in  the  ash  of  sea-weed ;  even  the  late  Dr.  Anderson,  in  his 
well-known  and  often  quoted  analyses  of  the  ash  of  sea- weed,  does  not 
give  it  as  a  constituent.  New  analytical  investigations  of  the  ash  of 
the  various  sea  plants  are  wanted ;  the  plants  ought  to  be  carefully 
freed,  before  incineration,  from  all  adhering  salt  water,  so  that  the 
quantities  of  chlorine,  bromine,  and  iodine  they  naturally  contain 
might  be  correctly  ascertained.  The  investigation  would  lead,  most 
probably,  to  the  discovery  that  there  are,  properly  speaking,  bromine 
as  well  as  iodine  producing  plants. 

The  three  metalloids  are  each  liberated  from  their  metallic  combi- 
nations by  the  manganese  peroxide  and  sulphuric  acid,  but  owing  to 

their  different  degrees  of  affinity  for  metals — chlorine  having  the 
strongest,  and  iodine  the  weakest  affinity — the  latter  is  the  first  set 
free  ;  but  it  requires  the  greatest  care  and  attention  to  prevent  some 

portion  of  the  other  two  fi'om  being  set  free  at  the  same  time.  If 
this  occurs,  they  enter  into  union  with  one  another,  forming  volatile 

compounds  which  affect  the  eyes,  and  have  a  very  pungent  odoui'. 
The  liberation  of  the  bromine  or  chlorine,  or  both,  during  the  extrac- 

tion of  the  iodine  may  occur,  for  instance,  from  the  manganese  oxide 
becoming  unequally  diffused  in  the  liquid  ;  they  will  also  be  liberated 
if  the  temperature  of  the  liquid  becomes  too  high ;  and  it  appears  to 
me  highly  probable  that  the  influence  of  mass  will  also  cause  their 
liberation,  especially  when  the  quantity  of  iodine  becomes,  by  volati- 

lization, much  decreased  in  quantity.  That  they  are  liberated  to  some 
extent  during  the  distillation  of  the  iodine  is  at  once  perceived  by 
those  who  visit  the  still  during  the  distillation,  and  who  are  ac- 

quainted with  the  properties  of  these  compounds.  I  may  here  observe 
that  the  still-man  judges  whether  at  least  an  undue  proportion  of  the 
other  two  are  volatilizing  by  the  colour  of  the  vapour ;  if  it  is  of  a 
brownish  or  whitish  colour  he  is  aware  he  is  losing  iodine.  When  the 
distillation  is  finished,  and  the  still  head  removed,  the  vapour  which 
escapes  from  the  still  has  always  a  violet  colour,  and  some  iodine 
always  remains  in  the  liquid ;  for  if  the  distillation  were  continued 
until  all  the  iodine  had  volatilized,  there  would  be  evolved  along  with 
it  in  the  last  stages  one  or  both  of  the  other  metalloids  in  somewhat 
large  proportions ;  and  consequently  there  would  be  a  loss  instead  of 
a  gain  in  iodine.  These  are  some  of  the  imperfections  and  difficulties 

of  Wollaston's  process. 
The  extraction  of  bromine  follows  the  extraction  of  iodine,  the 

same  process  being  adopted,  and  similar  precautions  have  to  be  ob- 
served. 

It  is  evident  such  a  process  is  unsuitable  for  the  extraction  of 
valuable  substances  like  iodine  and  bromine,  and  it  may  also  be  ob- 

served that  the  liquid  from  which  they  have  been  volatilized  has  to 
be  thrown  away,  on  account  of  the  difficulty  of  utilizing  it,  although 
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it  contains  a  large  quantity  of  potash  salts  and  all  the  sulphuric  acid 
employed  in  the  extraction ;  the  money  value  of  which  is  estimated 
to  be  nearly  one-half  of  the  whole  cost  for  extracting  all  the  products 
from  the  kelp. 

Chlorine  is  the  agent,  out  of  the  many  proposed  as  substitutes 
for  the  manganese  oxide  and  sulphuric  acid,  which  I  would  recom- 

mend, but  under  conditions  somewhat  different  from  those  I  have  seen 
described ;  this  difference  ia  the  conditions  would  render  the  process 
more  exact,  and  better  results  in  every  respect  would  be  obtaiaed. 
The  kelp  solution  I  would  render  neutral  by  the  addition  of  sulphuric 
acid  before  adding  an  aqueous  solution  of  chlorine  ;  and  as  I  have  found 
by  investigation  that  the  kelp  solution  contains  clay,  and  as  this  sub- 

stance tends  to  render  the  solution  viscid  and  unfavourable  for  crys- 
tallization, I  would,  before  evaporating  to  obtain  the  last  crop  of 

potassic  chloride,  nearly  neutralize  the  liquid  so  as  to  get  rid  of  it. 
Although  a  little  more  acid  would  be  consumed  than  i£  it  were  all 
added  in  the  ulterior  stage,  the  disadvantage  would  be  more  than 
compensated  by  the  larger  crop  of  crystals  of  potassic  chloride  which 
would  be  obtained,  and  the  greater  concentration  of  the  liquid.  After 
the  extraction  of  the  last  crop  of  potassic  chloride,  I  would  neutralize 
the  liquid  exactly,  and  then  place  it  in  a  graduated  vessel ;  I  would 
then  add  to  a  small  measured  portion  of  it  some  bisulphide  of  carbon, 
and  finally  some  chloriae  water  from  a  graduated  vessel,  until  the 
violet  colour  just  disappeared.  This  is  a  process  frequently  employed 
for  the  estimation  of  iodine,  and  occupies  only  a  minute  or  two.  Having 
ascertained  the  exact  quantity  of  chlorine  water  which  decolourizes  the 

iodine — that  is,  converts  it  into  pentachloride  of  iodine — it  would  only 
remain  to  add  to  the  larger  measured  quantity  of  the  liquid  contain- 

ing the  iodine  one-sixth  of  the  relative  quantity  of  the  chloriae  water 
which  was  required  on  the  smaller  scale.  The  small  portion  of  iodine 
which  would  remain  dissolved  in  the  liquid,  owing  to  its  slight  solu- 

bility in  water,  I  would  remove  either  by  bisulphide  of  carbon  or 
benzol.  After  the  removal  of  the  iodine,  I  would  treat  the  liquid 
with  chlorine  water,  with  similar  precautions  for  the  removal  of  the 
bromine ;  but  as  the  compound  of  chlorine  and  bromine  is  a  monochlo- 
ride,  one-haK,  and  not  one-sixth,  as  in  the  case  of  the  iodine,  of  the 
relative  quantity  of  chlorine  water  would  have  to  be  added  to  the 
larger  measured  portion  of  the  liquid. 

If,  in  any  case,  it  should  be  found  desirable  not  to  precipitate  the 
entire  portion  of  the  iodine  and  bromine  with  chloriae  water,  on 
account  of  rendering  the  liquid  too  dilute,  a  portion  might  first  be 
precipitated  by  chloriae  gas,  and  the  remainder  by  means  of  chlorine 
water  in  the  way  I  have  described. 

This  method  would  not  only  be  speedy  but  exact,  for  it  would  be 
the  conversion  of  a  quantitative  analytical  operation  into  a  manufac- 

turing process.  After  the  removal  of  the  bromine,  the  alkaline  salts 
which  remained  in  solution  could  be  easily  recovered. 

It  wculd  be  necessary  to  sublime  the  precipitated  iodiae. 
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XXVI. — On  a  ISTew  Chemicai  Test  foe  Caebolic  Acid,  and  its  Useful 

Applications.  By  Edmund  "W.  Davy,  A.  M.,  M.  D.,  Professor  of Forensic  Medicine,  Eoyal  College  of  Surgeons,  Ireland. 

[Eeacl,  May  13,  1878.] 

I  had  the  honour,  a  short  time  ago,  of  bringing  under  the  notice  of  the 

Academy,  and  of  publishing  in  these  Proceedings,^  a  new  and  exceed- 
ingly delicate  chemical  test  for  alcohol  which  I  had  at  the  time  dis- 

covered ;  and  I  pointed  out  some  practical  applications  which  might 
be  made  of  that  test. 

I  subsequently  directed  attention  to  some  further  useful  objects 
which  may  be  attaiaed  by  the  employment  of  that  alcoholic  test, 
which  latter  have  appeared  in  the  London  Pharmaceutical  Journal  for 
last  year.  I  have  recently  discovered  that  the  reagent  which  I  em- 

ployed for  the  detection  of  alcohol  in  the  test  referred  to,  viz.,  a  solu- 
tion of  molybdic  acid  or  molybdic  anhydride  in  strong  sulphuric  acid, 

is  a  very  delicate  test  likewise  for  carbolic,  or  as  it  is  otherwise 
termed,  phenic  acid,  a  substance  which  is  now  one  of  considerable  in- 

dustrial importance,  admitting  as  it  does  of  so  many  useful  applica- 
tions, and  one  for  which  it  is  desirable  to  have  a  ready  and  at  the 

same  time  a  delicate  test,  for  the  detection  of  its  presence  under  differ- 
ent circumstances.  I  have  observed  that  when  a  drop  or  two  of  a 

dilute  aqueous  solution  of  carbolic  acid  is  brought  in  contact  with  a 

few  drops  of  the  molybdic  solution  stated,  there  is  immediately  pro- 
duced a  light-yellow  or  yellowish-brown  tint,  which,  passing  to  a 

maroon  or  reddish-brown,  soon  develops  a  beautiful  purple  colouration, 
which  latter  remains  without  further  change  for  a  considerable  time. 
I  should  here  observe  that  the  application  of  a  gentle  heat  will  hasten 
the  development  of  the  purple  reaction,  though  it  will  take  place,  but 
more  slowly,  at  the  ordinary  temperature ;  and  it  is  the  production  of 
this  purple  under  the  circumstances  stated  that  constitutes  the  test  for 
carbolic  acid.  The  molybdic  solution  which  I  have  chiefly  used  for 
this  purpose  is  similar  to  the  one  I  have  employed  for  the  detection  of 
alcohol,  and  is  made  by  dissolving,  with  the  assistance  of  a  gentle  heat, 
one  part  of  molybdic  acid  in  ten  parts  by  weight  of  pure  and  concen- 

trated sulphuric  acid.  But  the  exact  amount  of  molybdic  acid  dis- 
solved appears  to  be  a  matter  of  indifference,  as  I  have  used  other 

proportions  with  success,  and  in  some  recent  experiments  I  found  that 
a  solution  where  there  was  only  one  part  of  molybdic  acid  in  a  hun- 

dred parts  of  sulphuric  acid  acted  very  well. 
The  mode  of  using  this  reagent  is  simply  to  add  three  or  four  drops 

of  it  to  one  or  two  of  the  liquid  under  examination,  placed  on  any 
white  porcelain  or  delf  surface,  when  the  effects  already  noticed  will 
be  produced,  if  carbolic  acid  is  present.  In  carrying  out  this  test,  it 
will,  however,  be  found  the  most  convenient  to  use  a  small  white  porce- 

1  Proceedings,  Second  Series,  vol.  ii.,  Science,  p.  579. 
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lain  capsule,  furnished  •with  a  handle,  which  wiU  admit  of  the  applica- 
tion of  heat  when  it  may  be  desirable  to  hasten  the  reaction  by  that 

agent. 
This  test  is  one  of  great  delicacy,  for  I  have  found  that  one  small 

di'op  of  an  aqueous  solution  of  carbolic  acid,  containing  a  thousandth 
part  of  its  weight  of  that  acid,  and  only  absolutely  about  the  one- 
seventy-thousandth  part  of  a  grain,  when  mixed  with  three  or  four 
drops  of  the  molybdic  solution,  produced  immediately  the  yellowish- 
brown  eifect,  which,  after  a  few  minutes,  passed  into  a  very  distinct 
and  beautiful  purple  colouration,  and  this  colour  remained  quite  per- 

ceptible on  the  fourth  clay  afterwards,  though  it  had  each  day  become 
fainter  from  exposure  to  the  air,  and  its  consequent  absorption  of 
moisture.  But  this  is  not  the  limit  of  its  deKcacy,  for  I  have  detected 
by  its  means  the  carbolic  acid  in  one  drop  of  an  aqueous  solution  five 

times  more  dilute,  or  -where  it  contained  the  one-five-thousandth  part 
of  its  weight  of  that  acid,  and  in  which  there  was  only  about  the  one- 
three-hundi'ed-and-fifty -thousandth  part  of  a  grain  present. 

Por  the  success  of  this  test,  it  is  necessary  to  attend  to  a  few  parti- 
culars, one  of  the  most  important  being,  that  only  a  drop  or  two  of  the 

liquid  under  examination  should  be  employed,  for  if  much  more  be 
used  the  reagent  will  be  diluted  too  much,  and  the  characteristic  re- 

action will  not  take  place  :  for  so  great  an  effect  has  water  on  it,  that 

even  when  the  pui'ple  colouration  is  fully  developed,  the  addition  of 
that  substance  will  cause  either  the  coloui'ation  to  disappear  almost 
entirely,  if  the  quantity  of  carbolic  acid  present  be  exceedingly 
minute,  or  if  more  abundant  it  first  changes  the  purple  to  red,  and 
then  into  a  light  reddish-brown,  which  becomes  more  and  more  faint 
on  further  dilution ;  but  the  addition  of  a  few  drops  of  the  test  solu- 

tion, or  even  of  strong  sulphuric  acid,  again  reproduces  the  purple, 
though  of  course  fainter  in  its  colour  in  proportion  to  the  previous  de- 

gree of  dilution ;  thus  showing  that  the  mixtui'e  must  be  very  strongly 
acid  for  the  production  and  continuance  of  this  purple  effect.  Another 
point  to  bear  in  mind  is  this,  that  when  carbolic  acid  itself,  and  not  an 
aqueous  solution  of  it,  is  acted  on  by  the  molybdic  reagent,  a  dark 
olive,  quickly  changing  to  a  very  deep  blue,  will  be  produced,  but  not 

the  pui'ple  colouration ;  a  cold  saturated  aqueous  solution,  however,  of 
carbolic  acid  when  so  treated  will  yield  the  purple  reaction  ;  but  even 
here  there  will  be  a  tendency  to  develop  the  olive  or  blue  effect, 
especially  where  the  reagent  employed  contains  a  large  proportion  of 
molybdic  acid ;  and  I  may  observe  that  weaker  solutions  of  carbolic 
acid  give  more  satisfactory  results,  as  the  action  appears  to  be  too 
energetic  when  the  acid  itself  or  very  strong  solutions  are  employed. 

The  last  precaution  I  wish  to  direct  attention  to,  for  the  successful 
performance  of  the  test,  is  this,  that  in  applying  heat  to  hasten  the 
reaction,  it  should  be  limited  to  a  gentle  heat  that  the  hand  can  bear 
when  applied  to  the  bottom  of  the  capsule,  this  being  about  from 

120°  to  130°  F.,  which  is  quite  sufficient  for  this  purpose,  besides 
not  exercising  any  destructive  effect  on  the  purple  reaction ;  for  I 

may  observe  that  if  the  heat  be  raised  even  to  212°  F.,   and  con- 
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tinned  for  some  time,  the  purple  colouration  will  be  destroyed  and 
a  blue  produced ;  moreover,  where  organic  matters  are  present  along 

■with  the  carbolic  acid,  many  of  them  will  likewise,  when  heated 
with  the  molybdic  reagent  to  that  latter  temperature,  or  even  much 
below  it,  develop  a  deep  blue  colour,  which  would  mask  more  or  less 
completely  the  purple  effect  of  the  carbolic  acid.  Consequently  it  is 
better  in  most  cases  to  let  the  test  act  on  the  liquid  at  the  ordinary 
temperature,  though  the  reaction  may  be  somewhat  slower  in  develop- 

ing itseK. 
I  have  made  a  number  of  comparative  experiments  with  this  test, 

and  with  the  principal  ones  hitherto  employed  for  the  detection  of 
carbolic  acid,  and  I  find,  in  point  of  delicacy,  it  seems  only  to  be  sur- 

passed by  the  bromine  test  of  Dr.  Landolt,  which  depends  on  the  cir- 
cumstance that  when  an  aqueous  solution  of  bromine  is  brought  in 

contact  with  carbolic  acid,  there  is  immediately  formed  the  tribromo- 
phenol  (CeHsBrjO),  a  sparingly  soluble  white  substance.  But  that 
test  could  not  be  successfully  employed,  at  least  immediately,  in  many 
cases,  where  the  test  just  described  might  be  still  available,  as  for 
example,  in  the  case  of  different  organic  mixtures,  where  the  presence 

of  the  tribromophenol  formed  would  be  concealed.  It  possesses  like- 
wise the  great  advantage  of  being  apparently  not  interfered  with,  to 

any  extent,  by  the  presence  of  organic  substances  which  mask  or  pre- 
vent the  reactions  of  many  of  the  other  tests. 

As  to  what  is  the  exact  nature  or  composition  of  the  purple  com- 
pound which  is  formed  in  carrying  out  the  test,  I  have  not  yet  been 

able  to  determine,  owing  to  the  difficulty  of  isolating  it,  or  of  obtaining 
it  in  a  condition  suitable  for  analysis ;  but  I  am  inclined  to  think  that 
it  is  not  so  much  an  oxidation  product  of  carbolic  acid  as  a  deoxidation 

one  of  molybdic  acid,  and  that  it  is  a  combination'  of  one  of  the  oxides 
of  molybdenum,  containing  perhaps  more  oxygen  than  the  blue  com- 

pound which  is  formed  where  the  molybdic  reagent  acts  on  alcohol 
and  on  some  other  substances ;  and  one  circumstance  amongst  others 
which  seems  to  support  this  view  is  this,  that  I  have  failed  to  obtain 
by  the  action  of  other  oxidizing  agents  on  carbolic  acid  a  similar 
purple  reaction. 

Be  this  however  as  it  may,  I  have  satisfied  myseK  that  the  purple 
compound  formed  in  my  test  is  a  totally  different  substance  from  the 
red  or  crimson  dye  termed  coralline,  which  is  obtained  by  the  united 
action  of  oxalic  and  sulphuric  acids  on  carbolic  ecid,  and  is  now  largely 
used  as  a  dyeing  material ;  for  the  red  colour  of  the  latter  substance  is 
not  affected  by  the  caustic  alkalies,  and  strong  sulphuric  acid  changes 
it  to  a  reddish  yellow  ;  whereas  the  purple  developed  in  the  new  test 
is  changed  to  green  by  caustic  alkalies,  and  the  purple  again  restored 
by  strong  sulphuric  acid.  I  am,  however,  still  engaged  in  this  inquiry, 

and  hope  to  be  able  yet  to  determine  the  exact  natiu-e  of  this  purple 
compound,  and  of  the  changes  which  occur  in  this  new  reaction. 

I  shall  now  briefly  notice  some  of  the  useful  applications  which 
may  be  made  of  this  test.     It  is  well  known  that  carbolic  acid  is  a 
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powerful  poison,  and  many  instances  are  now  on  record  where  it  has 
been  the  cause  of  death,  such  being  generally  either  cases  of  suicide, 
or  those  where  it  has  been  accidentally  taken  by  mistake  for  some  other 
substance ;  as  its  odour  and  taste  would  render  its  administration,  at 
least  to  an  adult,  by  the  assassin  for  the  criminal  destruction  of  life,  a 
matter  of  some  difficulty.  The  occurrence,  however,  from  time  to  time 
of  the  cases  referred  to  obviously  renders  it  very  desirable  to  be  able 
readily  to  detect  the  presence  of  carbolic  acid  where  it  has  been  so  used, 
either  in  the  articles  of  food,  drink,  or  medicine  which  have  been 
taken,  or  in  the  ejecta  or  contents  of  the  stomach ;  and  this  test  affords 
a  very  easy  and  ready  means  of  so  doing,  and  of  confirming  the  indica- 

tions of  other  tests.  According  to  my  observations  it  will  detect  the 
presence  of  carbolic  acid  in  different  complex  organic  mixtures,  even 
where  the  odour  of  that  substance  may  be  quite  imperceptible ;  and  I 
may  observe,  that  the  test  of  odour  has  hitherto  been  regarded  as  the 
most  delicate  for  carbolic  acid  in  such  cases. 

The  great  advantage  this  test  possesses,  especially  for  such  appli- 
cations, is  this,  that  it  does  not  appear  to  be  much  affected  or  interfered 

with,  as  already  stated,  by  the  presence  of  a  number  of  organic  sub- 
stances which  are  likely  to  be  present  in  such  cases.  Thus,  as  regards 

different  articles  of  food — I  have  readily  detected,  by  means  of  this 
test,  the  presence  of  carbolic  acid  when  a  small  quantity  of  its 
aqueous  solution  had  been  added  to  the  following  articles,  viz. :  tea 

and  coff'ee  mixed  with  sugar  and  milk,  porter,^  ale,  wine,  a  solution 
of  Liebig's  extract  of  meat,  and  albumen ;  also  where  it  had  been 
added  to  blood,  olive  oil,  gum,  and  soap — the  very  diverse  substances 
in  the  articles  mentioned  not  preventing  the  indications  of  the  test. 

It  will  also  afford  a  ready  means  of  detecting  the  elimination  of 
carbolic  acid  in  the  urine,  when  that  substance  has  been  taken  inter- 

nally, for  the  compounds  present  in  human  urine  naturally  do  not 
appear  to  affect  to  any  extent  this  test.  I  may  also  observe,  that 
with  it  I  was  at  once  able  to  detect  the  presence  of  carbolic 
acid  naturally  occurring  in  the  urine  of  a  cow,  without  any  previous 
treatment  of  that  secretion,  and  thus  confirm  the  correctness  of  the 
statement  as  to  the  occurrence  of  that  acid  as  a  normal  substance  in 

the  urinary  secretion  of  that  animal.  This  ready  means  of  discover- 
ing carbolic  acid  in  different  animal  fluids  where  it  may  exist  will 

render  this  test  useful  to  the  physiologist  and  physician. 

-  As  alcohol  acts  on  the  molyhdic  sohition  producing  an  intense  blue  coloui'a- 
tion,  the  presence  of  that  substance,  at  least  in  any  quantity,  woiild  mask  more  or 
less  completely  the  reaction  of  carbolic  acid.  In  examining,  therefore,  alcoholic 
liquors  for  that  acid,  it  is  better  to  submit  them  to  distillation  to  separate  the 
alcohol,  and  then  to  test  the  later  portions  of  the  distillate  or  the  residue  for  car- 

bolic acid ;  or  what  answers  even  stiU  better  in  such  cases  is,  to  render  the  liquid 
alkaline  by  the  addition  of  either  caustic  potash  or  soda,  to  combine  with  and  fix 
the  carbolic  acid,  and  then  distil ;  and  Avhen  all  the  spirit  has  been  removed,  to 
add  diluted  sulphuric  acid  to  slight  acid  reaction  to  liberate  the  carbolic  acid,  and 
after  this  distil  again,  when  that  acid  wiU  come  over  unmixed  with  any  spirit, 
and  give  its  characteristic  reaction. 
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Another  useful  application  of  this  test  is,  that  it  ailords  a  very 
ready  means  of  distinguishing  creasote  from  carbolic  acid,  which  is  a 
matter  of  some  commercial  importance,  much  of  what  is  sold  as  creasote 
being,  as  is  well  known  to  chemists  and  those  in  the  drug  trade, 
little  else  than  carbolic  acid  ;  for  these  two  substances,  though  obtained 
from  different  sources — true  creasote  being  procured  from  the  distilla- 

tion of  wood  tar,  whilst  carbolic  acid  is  got  from  that  of  coal  tar — 
and  though  they  differ  likewise  from  each  other  in  chemical  composi- 

tion, still  so  closely  resemble  each  other  in  several  of  their  proper- 
ties, that  the  cheaper  substance,  impure  carbolic  acid,  is  in  whole 

or  in  part  frequently  sold  to  the  public  for  the  dearer  article  creasote. 
If,  however,  we  take  a  drop  or  two  of  each,  and  agitate  them  well 
wdth  about  a  quarter  of  a  fluid  ounce  of  distilled  water,  and,  having 
filtered  the  liquid,  test  a  drop  or  two  with  the  molybdic  solution  as 
already  described,  we  will  get  in  the  case  of  pure  creasote  only  a 
brown  or  reddish-brown  reaction,  which  on  standing  or  warming 
slightly  becomes  fainter,  passing  to  a  light-yellowish  brown  :  whereas 
in  the  case  of  carbolic  acid  the  brown  passing  to  a  maroon  soon  deve- 

lops a  more  or  less  intense  purple  colour.  This  treatment  will  be 
sufficient  to  distinguish  creasote  from  carbolic  acid,  and  also  to  detecfc 
the  presence  of  that  acid  in  creasote,  where  it  occurs  in  considerable 
proportion ;  for  if,  on  the  addition  of  the  molybdic  test  solution,  the 
mixture,  instead  of  fading  away  to  a  light-yellowish  brown  on  stand- 

ing a  short  time,  or  on  gently  heating,  passes  to  a  reddish  brown 
or  to  a  maroon,  it  is  an  indication  that  carbolic  acid  is  present.  But 
I  have  found  that  the  following  very  simple  proceeding  gave  more 
satisfactory  results,  especially  where  small  quantities  of  carbolic 
acid  had  been  added  to  a  large  proportion  of  creasote.  From  five  to 
ten  drops  of  the  liquid  under  examination  are  taken,  and  agitated 
briskly  with  about  half  an  ounce  of  distilled  water  for  a  few  minutes, 
so  as  to  dissolve  out  the  carbolic  acid ;  the  mixture  is  then  filtered,  and 
the  filtrate  is  put  into  a  little  flask  furnished  with  a  close-fltting  cork, 
through  which  passes  a  small  glass  tube  about  ten  or  twelve  inches 
long,  and  bent  above  the  cork  at  a  little  more  than  a  right  angle. 
The  contents  of  the  flask  are  then  heated,  and,  when  the  liquid  boils, 
the  first  portions  which  distil  over  will  be  found  to  present  a  more  or 
less  turbid  appearance  as  they  pass  down  the  tube,  from  their  contain- 

ing minute  globules  of  creasote ;  and  a  drop  or  two  having  been 
collected  and  tested  with  the  molybdic  reagent  will  give  only  the 
brown  reaction  of  creasote  :  but  by  continuing  the  boiling,  that  sub- 

stance will  be  more  or  less  completely  expelled,  and  then  it  will  be 
found  that  a  drop  or  two  of  the  later  portions  of  the  liquid  which 
distil  over  will  give  the  purple  reaction  of  carbolic  acid.  I  may 
here  observe  that  as  it  is  only  a  drop  or  two  of  the  distillate  which  is 
required  each  time  for  testing,  it  is  not  necessary  to  use  any  condens- 

ing arrangement,  for  the  vapour  passing  through  the  tube  itself  is 

-cooled  sufficiently  to  furnish  the  small  quantity  required  for  each 
trial;   but  when  it  is  desirable  to  collect  in  larger  quantities  the 
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different  portions  of  the  distillation,  a  very  small  Liebig's  condenser, 
in  which,  the  delivery  tube  can  be  inserted,  will  be  found  the  most 
convenient  arrangement  to  employ.  In  this  way,  by  distillation,  I 
was  enabled  to  detect  the  presence  of  carbolic  acid  in  creasote,  where 
I  had  mixed  only  one  part  of  the  former  with  a  hundred  parts  of  the 
latter,  which  would  be  more  than  sufficiently  delicate  for  any  case 
likely  to  occur  in  commerce ;  for  where  such  adulteration  was  prac- 

tised, it  is  probable  that  a  much  larger  proportion  of  carbolic  acid 
would  be  used,  to  render  the  fraud  sufficiently  remunerative.  In  the 
same  way,  I  have  readily  succeeded  in  detecting  the  presence  of  car- 

bolic acid  in  oil  of  cloves,  where  I  had  purposely  added  a  small 
proportion  of  that  acid,  as  it  is  stated  that  this  very  objectionable 
fraud  is  occasionally  practised,  of  adulterating  the  essential  oil  of 
cloves  with  carbolic  acid. 

The  few  applications  that  I  have  referred  to  are,  I  should  trust, 
sufficient  to  indicate  the  practical  utility  of  this  test;  which,  being  at 
the  same  time  so  simple  and  easily  performed,  will,  I  have  no  doubt, 
be  found  useful  for  the  objects  stated,  as  well  as  for  others  to  which  it 
may  be  applied. 
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IXXVII.   Olf  HULLTTE,  A  HITHERTO  UNDESCHIBED  MlJfEEAL ;  A  HyDEOUS 
Silicate  oe  peculiar  composition,  from  Caenmoney  Hill,  Co. 
Antrim,  with  Analysis.  By  Edwaed  T.  Haedman,  F.C.  S.,  H.M. 
Geological  Survey.  With.  Notes  on  the  Microscopical  Appear- 

ances, by  Professor  Hull,  F.  R.  S. 

[Eead,  June  24,  1878.] 

Paet  I. 

Happening  to  visit  Carnmoney  Hill,  near  Belfast,  during  the  Meeting 
of  the  British  Association  in  1874,  I  was  much  struck  with  the 
abundance  in  the  basalt  of  a  mineral  which  I  had  never  before  noticed 

in  any  of  the  basalts  of  the  north  of  Ireland,  and  which  I  had  reason 
to  believe  then,  and  still  consider  to  be,  somewhat  new  to  Irish 
mineralogists,  in  so  far  that  its  composition  and  physical  characters 
have  not  yet  been  described.  It  may  have  been  observed  before,  but 
there  is  no  description,  at  all  agreeing  with  its  characteristics,  pub- 
lished. 

The  basalt  in  which  this  mineral  occurs  forms  the  old  neck  of  a 
Miocene  volcano.  It  is  massively  columnar,  the  columnar  structure 
being,  however,  horizontal,  not  vertical,  as  is  usually  seen ;  but  in 
all  respects  similar  to  what  may  be  observed  in  large  dykes  or  other 
masses  of  intrusive  basalt.  The  rock  itself  is  a  rather  coarse-grained 
<lolerite  ;  extremely  vesicular  and  amygdaloidal,  possesses  a  very  high 
density,  and  is  magnetic,  affecting  the  needle  very  strongly — zeolites 
are  not  abundant,  but  the  cavities  are  filled,  or  in  some  places  only 
coated,  with  a  peculiar  black  mineral  which  is  the  subject  of  the 
present  notice. 

In  some  cases  this  mineral  entirely  fills  up  the  cavities,  and 
throughout  the  rock  it  appears  in  great  profusion  ;  but  in  many  places 
where  the  amygdaloids  are  only  partially  coated  with  it,  the  remain- 

ing space  is  filled  with  calcite — and  occasionally  apparently  arrago- 
nite — for  sometimes  the  crystals  have  a  radiated  structure  which 
resembles  that  of  a  zeolite. 

The  black  mineral  from  this  locality  has,  I  believe,  never  been 
hitherto  described  or  analysed.  On  examining  the  maps  of  the  Geo- 

logical Survey  I  find  the  basalt  is  noted  by  the  late  Mr.  Du  Noyer  as 
^ '  black  basalt,  highly  crystalline  ;  cellular  cavities  lined  with  pitch- 
stone,"  for  which  he  evidently  mistook  this  mineral.  And  in  the 
Geological  Survey  collections  in  the  Museum  of  the  College  of  Science, 

Dublin,  specimens  from  this  place  are  labelled  "  Yesicular  basalt,  with 
obsidian."  However,  the  peculiar  softness  of  the  mineral  pre- 

cludes this  idea  at  once.  There  are  two  minerals  to  which  it  bears 
a  distant  resemblance.  In  physical  characters  it  somewhat  agrees 
with  the  chlorophaeite  of  Macculloch,  so  far  as  colour,  specific  gravity, 
and  hardness.  But  its  chemical  properties  are  totally  different,  as 
will  be  seen  further  on — that  is,  if  we  can  rely  upon  the  analyses  of 

1^2 
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that  miEeral  by  Macculloch  and  Forcliainmer,  -which  give  very 
extraordinary  results.  The  presence  of  so  called  chlorophseite  ha&^ 
heen  noted  by  Portlock^  as  occurring  in  the  basalt  of  Down  Hill 
(p.  227) ;  Magilligan — abundantly  in  several  beds  exposed  in  the 
section  there  (p.  152-3),  and  at  Carrick-a-rede,  where  the  mineral 
imparts  a  porphyritic  appearance  to  the  rock  (also  at  Craigahulliar, 
p.  154),  and  he  mentions  localities  as  Crosseagh  and  south  Eallylagan 
where  the  trap,  wanting  the  imbedded  chlorophaeite,  has  cavities  occa- 

sionally lined  with  obsidian  (p.  155) — this  he  mentions  as  occurring* 
at  the  Giants'  Causeway.  !Now  it  seems  improbable  that  a  highly 
acidic  mineral  such  as  obsidian  would  be  found  in  basalt;  and  I  am. 

inclined  to  suppose  that  Portlock,  as  Mr.  Du  JN'oyer  did  afterwards,, mistook  the  Carnmoney  Hill  mineral  for  obsidian. 

"Whether  this  Carnmoney  Hill  mineral  is  the  same  as  that  which 
Portlock  calls  chlorophseite  I  cannot  say,  as  I  have  not  seen  specimens- 
from  the  localities  he  names.  But  it  is  not  at  all  clear  that  Portlock's 
so  called  chlorophseite  is  that  of  Macculloch,  since  analyses  of  it  are 

wanting.  If  it  be  the  same  mineral  as  that  I  have  examined,  the- 
composition  is  entirely  different. 

In  chemical  composition  the  mineral  approaches  more  nearly  to 
delessite.  However,  there  are  still  very  important  differences,  as  will 
be  seen  on  comparison.  Delessite  contains  considerably  less  silica, 
more  alumina,  and  more  protoxides — lime  especially  being  abun- 

dant. Again,  the  physical  characters  do  not  agree, — delessite  is 
harder ;  its  gravity  is  nearly  f  more,  its  colour  and  streak  different, — 
so  that  on  the  whole  we  must  regard  this  mineral  as  a  new  one^ 
although  possibly  belonging  to  the  ferrugenous  chlorite  group. 

Method  of  Analysis. — Separation  of  the  mineral.  This  is  so  im- 
portant a  point  that  it  may  be  well  to  devote  a  few  lines  to  the  de- 

scription of  the  manner  adopted.  Although  the  mineral  occurs  most 
abundantly  in  very  small  nodules,  it  was  found,  to  be  a  most  tedious 
process  to  extract  sufficient  of  it  even  for  a  qualitative  analysis.  One 
method  was  to  crush  the  rock — extract  as  much  of  the  matrix  as  pos- 

sible by  means  of  a  strong  magnet,  the  small  particles  of  magnetite, 
or  perhaps  native  iron  disseminated  throughout  it,  rendering  this  pos- 

sible, and  collecting  the  mineral  bit  by  bit  with  a  forceps  from  the 
felspar  and  augite  which  remained  behind.  This,  however,  promised 
to  be  an  endless  proceeding — but  I  fortunately  at  the  time  happened  to 
meet  with  a  notice  of  the  use  of  Sonstadt's  solution  for  that  purpose ;  * 
this  I  tried,  and  it  succeeded  so  admirably  that,  although  I  have  already 

noticed  the  result  elsewhere,^  a  short  description  of  the  process  may 
not  be  out  of  place  here,  as  it  is  a  matter  that  cannot  be  too  well  known 
to  mineralogists. 

1  Geological  Heport  on  Londmidcrry ,  Antrim,  §c. 
-  Prof.  Church,  English  Mechanic,  January,  1878. 
■^  "On  the  applicability  of  Sonstadt's  solution  to  the  separation  of  minerals  for 

chemical  analyses." — C'hciuUal  J\'cwx,  April,  1878. 
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Sonstadt's  solution  is  a  solution  of  mercuric  iodide  (or  red  iodide) 
in  potassic  iodide — the  liquid  being  concentrated  by  adding,  alter- 

nately, the  mercuric  and  the  potassic  iodides  until  no  more  of  either 
is  taken  up.  Carefully  proceeding  in  this  way,  a  clear  liquid  can  be 

obtained,  having  a  specific  gravity  of  a  little  over  3'00,  according  to 
Sonstadt  and  Church.  It  is  clear  that  any  mineral  of  less  specific 

gravity  than  3"  floats  on  such  a  liquid,  whiie  any  of  higher  gravity  of 
course  will  sink ;  by  diluting  the  liquid  we  can  obtain  a  range  of 

solutions  capable  of  separating  any  minerals  between  TO  and  3-0  s.  g. 
The  Carnmoney  mineral  being  of  low  specific  gravity,  a  solution  of 

about  2"0  was  sufficient.  The  rock  being  crushed  up  and  sifted,  to 
get  rid  of  small  dust,  which  would  have  rendered  the  result  less 

palpable,  was  thrown  into  a  dish  filled  with  the  solution.  Every- 
thing but  the  new  mineral  sank  to  the  bottom.  The  latter  was  then 

iskimmed  off,  and  immediately  washed  with  distilled  water  to  which 
a  little  potassic  iodide  had  been  added,  to  dissolve  any  red  iodide 
which  would  otherwise  be  thrown  down,  and  finally  washed  with 
distilled  water.  When  a  sufficient  quantity  of  the  mineral  had  been 
thus  collected  it  was  again  treated  in  the  same  way,  and  thus  was 
cleared  of  a  few  particles  of  augite,  &c.,  which  had  been  caught  up 
in  the  first  floatation. 

In  this  way  about  3  grammes  of  the  mineral  were  obtained,  per- 
fectly free  from  admixture,  and  quite  sufficient  to  yield  exact  analy- 

tical results. 

The  analysis  was  conducted  in  the  usual  way,  by  the  fusion  of  the 
powdered  mineral  with  the  alkaline  carbonates.  Although  it  appears  to 

be  nearly  altogether  decomposed  by  boiling  (when  powdered)  in  strong- 
hydrochloric  acid,  the  fusion  process  seems  to  be  the  most  complete  me- 

thod, and  is  the  shortest  in  the  end ;  because,  if  boiling  with  acid  is 
depended  on,  the  insoluble  residue  will  be  found  almost  invariably  to 
contain  undecomposed  silicates,  giving  an  excess  in  the  amount  of 
silica. 

The  ferrous  iron  was  determined  according  to  Early's  method, 
namely,  by  decomposing  the  mineral  with  hydrofluoric  acid,  and  esti- 

mating the  ferrous  iron  as  quickly  as  possible  by  means  of  a  standard 
solution  of  bichromate  of  potassium. 

As  it  was  not  easy  to  obtain  enough  of  the  mineral  to  enable  its 
specific  gravity  to  be  taken  in  the  ordinary  way,  its  gravity  was  de- 

termined in  a  somewhat  novel  way.  It  fioats  on,  and  is  hardly  affected, 
even  after  some  months,  by  strong  sulphuric  acid  of  the  usual  density, 

viz.,  1-84.  Dilute  sulphuric  acid,  of  the  density  of  the  mineral,  was 
prepared,  and  the  specific  gravity  determined  by  means  of  a  delicate 

hydrometer;^  the  density  by  this  means  was  found  to  be  only  1-76,  so 

^  Sonstadt's  solution  might  have  heen  used,  hut  sulphuric  acid  \vas  found  to  be more  convenient  at  the  time. 

The  analysis  was  performed  by  me  in  the  Laboratory  of  the  Royal  College  of 
Science  in  Dublin,  by  permission  of  Prof.  Galloway. 
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that  the  mineral  is  the  lightest  silicate  known  of,  almost.  This  is  very 
remarkable  in  a  mineral  containing  such  a  very  large  percentage  of 

iron,  the  peroxide  amounting  to  20*720  percent. 
Physical  characters. — Colour,  velvet  black.  Hardness,  about  2, 

brittle ;  lustre,  waxy  but  dull ;  streak,  olive  brown ;  Blow-pipe 
with  difficulty  fusible  at  edges  to  a  black  glass,  which  in  some  speci- 

mens is  magnetic.  Very  slightly  affected  by  strong  HCl  or  II2SO4 
when  in  the  mass,  but  decomposed  by  the  former  when  boiled  in  it  in 
powder.  Occurs  filling  amygdaloidal  cavities  in  the  basalt  of  Carnmo- 

ney  Hill,  near  Belfast;    Shane's  Castle,  Lough  JSTeagh^ ;   &c. 

Chemical  Composition  and  Formida. 

I  shall  compare  my  analysis  of  this  mineral  with  analysis  of  deles- 
site  and  chlorophaeite. 

Hullitc. 
Delessite.^ Chlorophseite.^ 

Silica_    .         .         .          (SiOo), 
Alumina         .         .         (AI2O3), 
Peroxide  of  iron      .        (FeoOs), 
Protoxide  of  iron    .           (FeO), 
Protoxide  of  mana;anese  (MnO), 

Lime      .         .      '  .          (CaO), Magnesia        .         .         (MgO), 
Water    .         .         .         (H2O), 
Carbonic  acid          .          (CO3), 

39-437 
10-350 
20-720 3-699 

Trace. 4-484 

7-474 

13-618 
Trace. 

31-07 
15-47 

17-54 

4-07 

19-14 
0-46 

11-55 

33-30 

26-70 

40-00 

99-782 

100-00 100-00 

Formula     [CaMgFe"]3[Ar"Fe"']iSi60oi  +  7HnO 
Sp.  gr.,               .         .         .         .         .           1-76 

2-89 

FeSiOs  +  eHoO 

2-02 

Like  other  ferrugonous  chloritcs  (as  delessite),  to  which  group 
this  mineral  appears  in  many  respects  to  be  allied,  it  is  extremely 
difficult  to  express  its  composition  by  a  chemical  formula.  In  the 
first  place,  there  is  always  some  degree  of  alteration,  which  has  changed 
the  characters  of  the  mineral ;  and  besides,  it  is  difficult  to  say  whether 
these  minerals  are  true  silicates  or  combinations  of  silicates  with  alu- 

minates.     "With  regard  to  the  last,  it  would  be  very  difficult  to  decide 

^  A  specimen  of  basalt  from  tMs  locality  containing  very  large  cavities  filled 
with  this  mineral  is  to  be  seen  in  the  Museum  of  the  College  of  Science,  Dublin, 
as  in  the  specimen  mentioned,  p.  161 ;  the  mineral  is  called  obsidian. 

'^  Dana's  System  of  Mineralogy,  1874,  p.  497. 
^  lb.,  p.  410.  Also  Western  Isles  of  Scotland,  &c.  John  MaccuUoch,  M.D.,. 

p.  505. 
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one  way  or  the  other  in  the  present  case,  and  I  would  prefer  to  con- 
tent myself  with  calculating  a  formula  on  the  supposition  that  that 

mineral  is  only  a  silicate.  However,  the  above  analysis  does  not  give 
a  reasonable  formula  in  its  entirety.     Calculated  as  it  stands,  it  gives 

M"3  M"'4  SisO^i  +  7H2O, 

which  fails  to  agree  with  any  type  of  silicate  I  know  of. 
If,  however,  we  subtract  one  molecule  of  peroxide,  and  suppose  it 

to  exist  as  a  hydrate,  and  not  combined,  we  get 

(M'3  M'V  SieOie)  +  He  M'^o^  +  4H,0, 

the  first  member  of  which  is  a  condensed  meta-silicate  on  the  type 

H12  SisOis 

which  would  bring  it  sufficiently  near  the  type  of  talcose  and  chloritic 
minerals.  However,  the  general  constitution,  even  allowing  for  this, 

is  entirely  different.  Then  again,  we  may  suppose  the  excess  of  perox- 
ide, as  in  the  above,  to  act  the  part  of  an  acid,  an  aluminate,  or  a 

ferrate,  which  is  not  improbable,  and  we  thus  get  a  formula  not  unlike 
that  which  has  been  proposed  for  ripidolite,  but  the  silicate  belonging 
to  a  different  condensed  meta-silicic  series,  viz., 

[M"3  W\0,  +  W\-R,  SieOis  +  4H2O], 

a  part  of  the  water  in  this  case  being  basic,  as  I  have  but  little  doubt 
it  is,  acting  in  fact  as  a  protoxide. 

It  is  extremely  probable  that  the  last  formula  gives  a  fair  repre- 
sentation of  the  molecular  composition  of  this  new  mineral. 

I  should  wish  to  draw  attention  to  one  or  two  remarkable  points 

about  this  mineral.  1°  the  very  large  percentage  of  iron  it  contains, 
and  the  small  quantity  of  magnesia,  although  it  is  extremely  refrac- 

tory before  the  blow-pipe  ;  and  2°  its  very  low  specific  gravity,  not- 
withstanding the  quantity  of  iron  it  contains.  The  last  circumstance 

is,  I  think,  due  to  the  very  large  percentage  of  water. 

"With  regard  to  its  claims  to  be  an  original  mineral,  and  not  simply a  product  of  alteration,  I  would  like  to  point  out  one  or  two  strong 
evidences.  The  mineral  occurs  coating  or  filling  ordinary  amygdaloidal 
cavities  in  the  basalt.  It  is  clearly  a  product  of  infiltration  into  these 
cavities,  and  not  an  alteration  of  a  previous  mineral,  because  the  walls 
of  the  cavities  are  quite  distinct  from  the  mineral.  Were  it  a  product 
of  alteration,  it  might  be  expected  to  merge  into  the  rock  itself,  or  such 
minerals  as  might  be  altered  to  such  a  composition,  such  as  olivine  or 
augite  ;  but  this  is  not  the  case,  the  olivine  and  the  augite  are  quite 
distinct  from  it.  Under  the  microscope  the  mineral  may  be  observed 
to  fill  up  the  cavities  previously  left  in  the  rock;   and  crystals  of 
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augite,  felspar,  and  olivine  may  be  seen  to  penetrate  it  in  such,  a  way 
as  to  leave  no  doubt  that  the  Carnmoney  mineral  has  been  deposited  in 

those  spaces.^ 
Under  these  circumstances  I  consider  it  to  be  an  original  (but  se- 

condary) mineral,  and  believe  it  to  be  a  new  variety  of  the  chloritie 

group,  and  a  "well-marked  one.  I  therefore  propose  to  give  this  Irish 
variety  a  distinguishing  name. 

ITacculloch,  in  his  description  of  the  mineral  chlorophseite,  apolo- 
gises for  giving  it  a  new  name,  saying  that  though  it  may  afterwards 

turn  out  a  variety  only,  its  characteristics  are  strongly  marked ;  and 
that  the  best  chance  of  its  obtaining  future  investigation  will  be  de- 

rived by  giving  it  a  conspicuous  place  in  the  list  of  minerals.  On  the 
same  grounds  I  venture  to  name  the  present  mineral  as  a  new  species. 
Since  distinctness  of  colour  and  hardness  may  vary  in  different  speci- 

mens, and  therefore  mislead — and  there  is  no  earthly  use  in  commemo- 
rating a  single  locality  when  the  mineral  may  hereafter  be  found  in 

hundreds  of  places — I  submit  that  the  best  name  would  be  that  of  an 
individual.  I  propose  to  name  this  species  or  variety  Hullite,  after  Pro- 

fessor Hull ;  first  because  it  has  been  analysed  and  described  during 
his  directorate  of  the  Geological  Survey  of  Ireland ;  and  last,  but  not 
least,  in  commemoration  of  the  valuable  work  he  has  done  in  the  elu- 

cidation of  the  microscopic  mineralogy  of  the  rocks  of  Ireland,  more 
especially  that  of  the  basalts. 

In  order  to  set  at  rest  any  question  as  to  the  mineral  being  an 
alteration  product,  Professor  Hull,  at  my  request,  had  some  slices  of  the 
rock  made,  and  the  microscopic  examination  of  them  fully  bears  out 
my  previous  remarks,  viz.,  that  the  mineral  is  perfectly  distinct  from, 
and  does  not  merge  into  any  part  of,  the  basalt. 

Paet  II. — On  the  Miceoscopical  Steijcttir'e  op  the  Olivine  Basaxt 
o?  Cahkhoi^et  Hill,  Co.  A^fTKiir.  By  Professor  E.  Hull,  M,  A., 
E.  E.  S. 

The  rock  occurs  as  a  dark  crystalline  mass,  with  columnar  struc- 
ture, filling  the  neck  of  an  old  volcanic  vent  of  the  Miocene  age.  {See 

Geology  of  the  Country  around  Antrim,  Mem.  Geol.  Sicrvey,  Sheet  21, 

p.  30).  "With  the  lens  it  is  seen  to  consist  of  black  glistering  crystals 
of  augite,  set  in  a  paste  consisting  of  a  light-coloured  waxy  felspar 
(plagioclase),  and  large  and  small  grains  of  an  opaque,  black,  dense 
mineral,  with  smooth,  somewhat  conchoidal,  fracture,  and  brown 
streak.  This  unknown  mineral  is  that  to  which  Mr.  Hardman  has 

applied  the  name  "Hullite,"  and  the  chemical  composition  of  which  he 
has  determined.     The  olivine,  though  seen  to  be  remarkably  abundant 

^  See  Prof.  Hull's  remarks  furtlier  on. 
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xmder  the  microscope,  is  scarcely  to  be  identified  without  the  aid  of  a 
high  magnifying  power. 

Microscopical  appearance. — Under  the  microscope,  and  with  a  low 
power  (25  diameters),  the  slice  is  seen  to  consist  of  light  brown 
augite,  without  crystalline  form,  in  which  are  imbedded  short  prisms 
of  plagioclase,  imperfect  crystals  of  olivine,  and  a  very  few  grains  of 
magnetite.  But  the  most  abundant  mineral  is  that  now  for  the  first 
time  described  by  Mr.  Hardman.  It  is  of  a  dark  umber  brown  colour, 
almost  opaque,  except  at  the  edges,  and  it  forms  not  only  individual 
masses,  but  permeates  the  whole  rock,  filling  the  interstices,  and 
enclosing  the  other  minerals.  In  one  instance,  where  it  has  appa- 

rently filled  in  a  cell  in  the  rock,  the  central  portion  is  vacant ;  but  it 
often  forms  considerable  masses.  As  it  does  not  polarize,  it  cannot  be 
considered  as  in  a  crystalline  molecular  condition ;  and  in  its  distribu- 

tion, and  relation  to  the  other  minerals,  it  assumes  very  much  the 
-character  of  amorphous  chlorite.  Like  chlorite,  also,  it  has  every 
-appearance  of  being  a  secondary  mineral,  formed  after  the  consolida- 

tion of  the  rock,  and  with  a  high  power  shows  a  stalagmitic  or 
chalcedonic  structure,  with  wavy  bands. 

One  of  the  most  interesting  circumstances  regarding  this  rock  is 
the  abundance  of  olivine  in  its  unaltered  condition.  In  no  other 
instance,  amongst  the  basalts  and  dolerites  of  Antrim  which  I  have 
examined,  have  I  found  it  so  abundant,  and  in  its  original  state 

■olivine,  as  is  well  known,  is  a  mineral  very  liable  to  decomposition,  and 
generally  it  has  been  completely  removed,  the  outer  form  only  being 
preserved.  In  the  case,  however,  of  the  basalt  of  Carnmoney  Hill,  it  is 
as  abundant  and  as  fresh  as  in  the  lavas  of  Yesuvius.  This  can  be  de- 

termined by  the  aid  of  the  polariscope,  by  means  of  which  the  crystal- 
line grains  of  olivine  are  separated  out  from  the  augite  with  which  it 

might  otherwise  be  confounded ;  but  under  polarized  light,  not  only 
may  the  outline  of  the  crystalline  forms  be  recognised,  but  the 
mineral  affords  (on  rotating  the  analyzer)  the  well-known  alternation 
of  colours,  from  ruby  red  to  sap  green,  characteristic  of  this  mineral. 
On  the  other  hand,  the  colours  of  the  augite  are  blue,  grey,  light 
pink,  and  yellow.  The  crystalline  forms  of  the  olivine  are  only  im- 

perfectly developed.  The  crystals  of  plagioclase — probably  labra- 
•dorite  felspar — are  well  ancl  sharply  defined,  and  seem  to  have 

crystallized  out  before  those  of  augite  and  olivine.  "With  the  polari- 
scope they  show  the  usual  parallel-banded  structure,  varying  with  the 

angle  of  the  analyzer. 
From  the  remarkably  fresh  appearance  of  the  olivine  one  might 

infer  that  this  rock  was  comparatively  recent,  did  we  not  know,  from 
physical  considerations,  that  it  must  be  older  than  the  Glacial  and 
Pliocene  periods. 
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XXYIII. — FiTRTHEE  Obseetatioxs  OX  Ptkeol  and  its  Deeivatiyes^ 

By  Chichestee  A.  Bell,  M.B.,  University  Dublin. 

[Eead,  June  24,  1878]. 

Synthesis  of  Pyrrol. 

Seveeal  attempts  which.  I  have  made  to  effect  the  synthesis  of  pyrrol 
have  not  been  successful.  The  folloTring  experiment  is  chiefly  of  in- 

terest as  suggesting  a  process  by  which  bases  of  similar  constitution 
are  likely  to  be  obtained  artificially.  AVhen  vapours  of  diethylamine 

(CoHg),  H^N",  are  passed  through  a  heated  tube  packed  with  recently- ignited  pumice,  they  experience  but  little  change  if  the  temperature  be 
much  below  that  of  redness.  On  the  other  hand,  a  good  red  heat  is 
sufficient  to  decompose  the  base  into  a  variety  of  products,  amongst 
which  ethylene,  free  hydrogen,  cyanogen,  and  hydrocyanic  acid,  are 
easily  recognised.  If  the  tube  be  of  sufficient  length,  the  current  of 
vapour  not  too  rapid,  and  the  temperature  that  of  incipient  redness,  a 
liquid  is  obtained  containing,  besides  much  diethylamine,  a  considera- 

ble quantity  of  pyiTol.  The  change  probably  consists  in  a  direct 

separation  of  hydi-ogen,  thus — 
H 

CH3  -  CHo^  HC  =  C 
>XH=     I        >KE+3H, 

CH3  -  CH/  HC  -  C^ H 

I  have  not  in  this  way  prepared  any  large  quantity  of  the  base,  but 
in  all  cases  have  estimated  the  product  by  the  rapidity  and  intensity 

with  which  the  vapours  issuing  fi^om  the  tube  exhibited  the  fir-wood 
reaction,  the  amount  of  precipitate  yielded  by  the  acidified  distillate 
with  mercuric  chloride,  stannous  chloride,  etc.,  and  by  the  quantity  of 

pyrrol-red  obtained  by  boiling  the  liquid  in  the  receiver  with  strong-^ 
hydrochloric  acid. 

I  think  it  not  unlikely  that  the  conversion  of  diethylamine  into 
pyrrol  may  be  effected  in  a  more  simple  way. 

On  the  so-called  ethyl-pyrrol  of  Luhaicin. 

In  my  previous  communication  on  this  subject  (these  Proceedings,. 
2nd  Series,  vol.  III.,  Science,  page  33),  I  described  a  series  of  bases 
derived  from  pyiTol  by  the  substitution  of  various  alcoholic  radicles 

for  one  atom  of  hydi'ogen.  One  of  these,  namely  ethyl-pyrrol,  CiB.i^ 
^{(CoIIs),  differed  widely  in  its  properties  from  the  similar  base  pre- 
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viously  described  by  Liibawin.^  According  to  this  chemist,  when  iodide 

of  ethyl  acts  upon  potassium-pyrrol  C4HiN'K,  substitution  of  the  group 
C2H5  for  potassium  takes  place,  a  body  of  the  composition  CgHgN  =  C^ 
H4N(C2H5)  being  formed.  This  base  was  said  to  have  a  turpentine- 

like  odour,  to  boil  between  155°  and  175°C.,  and  to  turn  brown  rapidly 
on  exposure  to  air.  The  metal  potassium  acts  with  great  vigour  upon 

pyrrol,  expelling  hydrogen  and  producing  potassium-pyrrol ;  but  upon 
ethyl-pyrrol  from  mucate  of  ethylamine  it  has  little  or  no  action.  It 

would  be  contrary  to  analogy  to  suppose  that  in  Lubawin's  base  the 
ethyl-group  does  not  occupy  the  position  of  the  potassium  in  potassium- 
pyrrol,  and  it  was  hence  difficult  to  resist  the  conclusion  that  the  bases 
prepared  from  potassium-pyrrol  and  from  ethylammonium  mucate  must 
be  identical.  On  repeating  Lubawin's  experiment  I  have  found  thi& 
to  be  the  case.  Potassium-pyrrol  is  most  easily  prepared  in  a  state  of 
purity  by  adding  to  pyrrol,  contained  in  a  flask  with  inverted  con- 

denser through  which  a  stream  of  dry  hydrogen  is  passed,  rather  less 
than  the  calculated  quantity  of  bright  metallic  potassium.  The  action 
is  violent  at  first,  and  must  be  moderated  by  the  application  of  cold  ; 
towards  the  close  it  must  be  assisted  by  a  gentle  heat.  The  contents 
of  the  flask  are  finally  heated  to  fusion,  allowed  to  cool,  the  flask 
broken,  and  the  solid  mass  dropped  into  a  mortar  containing  anhydrous 
ether.  It  is  then  quickly  powdered,  the  ether  (which  removes  un- 

altered pyrrol)  quickly  poured  off,  and  the  powder  again  transferred 
to  a  flask  provided  with  an  inverted  condenser.  It  is  then  covered 
with  rather  more  than  the  theoretical  quantity  of  ethyl  iodide,  and  the 

mixture  boiled  for  a  couple  of  hours,  a  chloride  of  calcium  tube  being-^ 
placed  in  connexion  with  the  upper  end  of  the  condenser  so  as  to  pre- 

vent ingress  of  moisture.  Towards  the  close  of  the  boiling,  a  not  in- 
considerable amount  of  ammonia  is  evolved,  evidently  due  to  secondary 

decompositions.  On  fractionally  distilling  the  contents  of  the  flask,  a 

very  large  quantity  of  ethyl-pyrrol  is  obtained,  boiling  at  131°C.,  and 
having  all  the  other  properties  of  the  base  from  ethylammonium  mu- 

cate. Above  131°C.  a  quantity  of  secondary  products  of  inconstant 
boiling-point  comes  over,  the  thermometer  rising  to  180°.  It  is  this 
mixture  that  Lubawin  evidently  mistook  for  ethyl-pyrrol,  no  doubt 
regarding  the  principal  product  of  the  reaction  as  unaltered  pyrrol, 
from  which  indeed  it  differs  but  little  in  odour  or  boiling-point. 

(Pyrrol  boils  at  133°C.) 
It  is  thus   clear  that  only  one   ethyl  derivative  of  pyrrol  is  yet 

known,  no  doubt  having  the  constitution — 

H 

I        >NC3H5. 
H 

»  "  Zeitschrift  fiir  Chemie,"  [2]  v.  399. 
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Condensation-products  of  Ethyl-pyrrol. 

In  my  former  paper  I  mentioned  that  ethyl-pyrrol  may  be  boiled 
for  some  time  "with  strong  hydrochloric  acid  without  experiencing  any 
change,  in  this  respect  differing  from  pyrrol.  If  the  boiling  is  con- 

tinued for  a  sufficiently  long  time,  this  is  not  the  case.  Even  when 
dilute  acid  is  used,  the  base  gradually  dissolves,  forming  a  deep-red  so- 

lution which  is  not  rendered  turbid  by  the  addition  of  water.  This 
solution  contains  the  hydrochlorate  of  a  new  base,  or  perhaps  salts  of 
several  new  bases.  The  product  is  obtained  by  precipitating  the  acid 
solution  with  ammonia  in  excess.  On  drying  the  precipitate  in  vacuo, 
or  at  a  gentle  heat,  it  is  obtained  as  an  amorphous  powder,  which  is 
nearly  insoluble  in  water,  but  is  readily  taken  up  by  alcohol  or  ether. 
Its  colour  varies  from  pale  brown  to  black,  accordingly  as  it  has  been 
prepared  with  dilute  or  with  strong  acid.  Heated  on  the  water  bath 
it  constantly  loses  weight,  giving  off  a  peculiar  odour.  Analyses 
showed  it  to  be  of  uncertain  composition,  the  following  being  the  mean 

results : — 

C  =  68-64,         H  =  8-81,         :N'  =  9-63. 
This  composition  agrees  most  closely  with  the  formula  Ci6H24]Sr202, 

which  requires — 

C  =  69-56,         H=8-69,         In^=10-1. 

Such  a  body  might  be  formed  according  to  the  following  equation : — 

Ethylamine. 

and,  in  fact,  when  potash  has  been  used  as  a  precipitant,  it  is  easy  to 
detect  abundance  of  ethylamine  in  the  filtrate.  The  powder  melts  at 

165°-l70°C.,  but  not  sharply.  It  is  soluble  in  all  acids  (except  nitric 
acid)  even  when  dilute.  On  evaporating  the  solution  in  hydrochlorit- 
acid  on  the  water-bath,  the  hydrochlorate  remains  in  the  form  of  blood- 
red  scales,  showing  no  trace  of  crystalline  form.  These  re-dissolvt' 
easily  in  water.  The  base  is  precipitated  from  its  acid  solutions  by 
minute  quantities  of  nitric  acid  or  nitrates,  as  a  flocculent  brown 
powder.  Bromine  or  chlorine  water,  stannic  and  mercuric  salts,  like- 

wise precipitate  it.  In  its  characters  and  composition  it  approaches 
some  of  the  amorphous  alkaloids  extracted  from  cinchona  bark. 

Pyrrol-red  (which,  however,  is  entirely  destitute  of  basic  properties) 
is  produced  from  pyiTol  in  a  perfectly  similar  way, 

SCiHs^"  +  HoO  =  CV2H14XO  +  Js^Ho. 

Carhoxyl  derivatives  of  Pyrrol. 

In  my  former  paper  I  mentioned  that  when  the  primary  amine 
salts  of  mucic  acid  are  distilled,  there  are  produced,  besides  substituted 

pyrrols,  a  series  of  bodies  having  the  composition  of  amides  of  mono- 
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and  di-carboxyl  derivatives  of  these  pyrrols.  The  corresponding  acid& 
had  not  at  that  time  been  procured.  These  amides  are  rather  stable 
compounds,  and  are  very  sloTvly  attacked  by  mineral  acids  and  alkalis. 

If  it  is  attempted  to  decompose  them  by  prolonged  boiling  "with 
strong  alkaline  solutions,  it  is  impossible  to  prevent  the  decomposition 
of  the  acids  as  fast  as  formed.  I  have  found,  hovrever,  that  they  may 

be  easily  split  up  by  enclosing  them  in  sealed  tubes  "with  strong  alco- 
holic potash,  and  exposing  the  tubes  for  some  time  to  a  temperature 

of  about  120°C.  They  are  then  resolved  with  facility  into  free  am- 
monia-base and  the  potash  salts  of  the  corresponding  acids ;  thus — 

Dimethyl-carbopviTolamide.  Methyl-carbopyrrolic  acid. 
C4H3N(CH3)(CONHCH3)  +  KHO  =  CiH:3^XCH3)COOK  +  NH.CHa. 

Dietliyl-carbopyrrolainide.  Ethyl-carbopyirolic  acid. 

C4H3]S^(aH5)C0Is^HCoH5  +  XHO  =  C4H3N(C3H5)C00K  +  NHoCoHs- 

I  have  not,  however,  been  able  to  obtain  amyl-carbopyrrolic  acid. 
Its  amide  when  heated  with  potash  yields  amyl  pyrrol,  amylamine, 
and  potassic  carbonate. 

CHsXCCsHiOCOKSCsHn  +  2KH0  =  CiHiy(CaH„)  +  KoCOg  + 

The  potassium  salts  of  these  acids  are  obtained  in  the  solid  form 
by  evaporating  their  alcoholic  solutions.  They  are  very  soluble  in 
water  and  alcohol.  By  cautiously  adding  to  their  concentrated  aqueous 

solutions  dilute  hydi'ochloric  acid  in  very  sliylit  excess,  the  mixtiu-e 
being  carefully  cooled  from  time  to  time,  the  acids  are  separated  as 
flocculent  precipitates  which  soon  become  crystalline.  The  crystals 
must  be  rapidly  washed  with  cold  water.  To  remove  small  quantities 
of  silica  (derived  from  the  glass  tubes)  they  must  be  dissolved  in  am- 

monia and  again  precipitated  with  hydrochloric  acid.  When  thoroughly 
free  from  mineral  acid  they  may  be  crystallized  from  water  at  about 

90°C.  (not  higher),  in  which  they  are  freely  soluble. 
Methylcarlo2>yrrolic  acid  crystallizes  in  needles  which  are  very  so- 

luble in  alcohol  and  ether.  It  melts  at  135°C. ;  heated  a  little  beyond 
this  point,  it  breaks  up  into  methyl-pyrrol  and  carbonic  anhydride. 

C4H3iS^(CH3)COOH  =  CiH4jS'(CH3)  +  CO.. 
It  volatilizes  with  partial  decomposition  in  a  current  of  steam.  Its 

salts  are  as  a  rule  easily  soluble  in  water :  those  of  the  alkalis  and 
alkaline  earths  dissolve  in  alcohol.  Argentic  methyl-carhopyrrolate  C4II5 

!N'(CIl3)C00Ag,  obtained  by  double  decomposition,  crystallizes  from much  boiling  water  in  transparent  prisms  which  deflagrate  feebly  when 

heated.  '446  grams  of  the  finely  powdered  salt,  mixed  with  sand  to 
avoid  loss  by  too  rapid  decomposition,  gave  on  cautious  ignition  '206 
grams  of  silver  =  46-19  per  cent. ;  calculated  =  46-55  per  cent. 

Ethylcarhopyrrolic  acid,  similarly  prepared,  bears  a  great  resem- 
blance to  the  methylated  acid.  It  is,  however,  rather  less  stable,  more 

soluble  in  water,  and  melts  at  78°C.     The  silver  salt  is  much  more 
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soluble  in  boiling  water  than  that  of  the  previous  acid.  Found,  43'89 
per  cent,  of  silver;  calculated,  43-9  per  cent. 

In  contact  with  boiling  water,  or  in  the  cold  in  presence  of  even 
highly  dilute  mineral  acids,  these  two  acids  are  rapidly  resolved  into 
jnethyl-  or  ethyl-pyrrol  and  carbonic  anhydride.  Their  solutions  in 
water  below  its  boiling  point  are  tolerably  stable  so  long  as  they  are 
contained  in  smooth  glass  vessels ;  but  rough  surfaces  (filter  paper)  or 
fine  points  cause  rapid  decomposition.  They  give  with  neutral  ferric 
chloride  a  red  colour. 

Ethyl-dicarhopyrrolic  acid. — C4II2N  (CsTIs)  (C00II)2  is  obtained  by 
the  action  of  large  excess  of  alcoholic  potash  at  130°  C,  upon  triethyl- 
dicarlopyrrolamide,  one  of  the  decomposition  products  of  ethylammo- 
nium  mucate.  The  potassium  salt  crystallizes  from  alcohol  in  long 
needles.  The  acid  is  obtained  from  its  aqueous  solution  by  precipita- 

tion with  hydrochloric  acid.  It  appears  as  a  sandy  powder,  quite 
insoluble  in  boiling  water,  and  not  decomposed  by  it.  It  is  easily 
soluble  in  alcohol  and  ether.  By  crystallization  from  dilute  alcohol 
it  is  procured  in  brilliant  needles,  which  when  heated  do  not  melt, 

but  at  about  250°  C.  are  resolved  into  ethyl-pyrrol  and  carbonic 
anhydride. 

CiHjNCC^Hs)  (C00H)2  =  €434^(02^5)  +  2CO2 

Analysis  gave  the  following  results  : — 
Found.  CalcTilated. 

C     =  52-26  .  .  .         .         .  52-26 
H   =     5-27  .         .  .         .         .  4-91 
A"   =     7-96   7-65 

The  nitrogen  determination  was  a  little  too  high,  owing  to  the 

accidental  employment  of  slightly  impure  soda-lime. 
The  salts  of  this  acid  are  mostly  soluble  in  water.  The  silver 

salt  is  an  insoluble  sandy  powder.  Found,  53-97  per  cent.  Ag  :  cal- 

culated for,  CiHolS'fCoHs)  (COO  Ag)o  =  54-4  per  cent. The  acid  is  very  slowly  decomposed  in  the  cold  by  concentrated 
hydrochloric  acid.  Boiling  dilute  nitric  acid  dissolves  it,  but  deposits 
it  unchanged  on  cooling.  Strong  and  warm  nitric  acid  also  dissolves 
it,  but  does  not  again  deposit  it  on  dilution. 

About  two  per  cent,  of  its  weight  of  this  acid  may  be  obtained 
from  the  mucate  of  ethylia. 

Action  of  Bromine  upon  Pyrrol  Derivatives. 

When  bromine  is  added  to  a  solution  of  ethyl-pyrrol  in  ether  or 
chloroform,  the  mixture  becomes  dark-coloured  and  gives  off  hydro- 
bromic  acid.  The  reaction  takes  place  with  greater  smoothness  when 
alcohol  is  used  as  a  solvent ;  but  the  best  result  is  attained  when 

ethyl-pyrrol  is  shaken  with  excess  of  bromine  water,  added  gradually. 
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The  insoluble  solid  compound  formed  is  filtered  off  and  repeatedly 
crystallized  from  boiling  spirits  of  wine,  in  which  it  is  sparingly 
soluble  in  the  cold.  It  then  crystallizes  in  brilliant  colourless  needles 

which  melt  at  90°  C,  or  beneath  warm  spirit.  They  are  easily  de- 
composed above  100°  C.  It  might  have  been  expected  that  a  body  so 

poor  in  hydrogen  as  ethyl-pyrrol  would  have  given  an  addition  com- 
pound with  bromine.  But  analysis  shows  that  towards  this  reagent 

the  pyrrol  nucleus  behaves  like  benzol. 

Found.  Calculated  for. 

CBr^NCoHs 
C    =  17-3   17-51 
H  =     1-43 
Br  =  77-2 
IS"   =    — 

1-21 

77-85 

The  compound  remains  apparently  unchanged  when  digested 
with  excess  of  bromine  water.  No  doubt  it  has  the  following  consti- 

tution : — 

Br BrC  =  a 

I        >(C,H,) BrC  =  (J 
Br. 

Diethylearhopyrrolamide,  CgHul^sO?  al^o  does  not  unite  directly 
with,  bromine.  When  bromine  dissolved  in  chloroform  is  added  to  a 
chloroform  solution  of  the  amide,  it  is  at  once  decolourized :  but  even 
in  the  cold,  fumes  of  hydrobromic  acid  are  given  off,  and,  on  allowing 
the  chloroform  to  evaporate,  a  tenacious  mass  is  left,  in  all  probability 
a  mixture  of  unchanged  amide  with  a  substitution  compound. 

"When  shaken  with  bromine  water,  diethylcarbopyrrolamide  yields an  insoluble  substitution  compound  and  a  soluble  oxidation  product. 
To  obtain  the  first,  careful  manipulation  is  required,  since  it  passes 
into  the  second  with  the  greatest  ease.  The  amide  is  first  dissolved 
by  continued  agitation  in  so  much  warm  water  that  nothing  separates 
on  cooling.  Bromine  water  is  then  dropped  in  very  cautiously,  the 
mixture  being  shaken  after  each  addition.  The  two  new  compounds 
are  produced  simultaneously,  the  first  separating  in  small  clots,  and 
rendering  the  mixture  milky.  On  continuing  the  addition  of  bromine, 
a  point  is  reached  at  which  the  milkiness  suddenly  disappears,  and  the 
Kquid  becomes  transparent,  while  the  clots  adhere  to  the  sides  of  the 
flask.  This  clearing  marks  the  point  at  which  all  the  amide  has  been 
acted  upon,  and  any  further  quantity  of  bromine  added  is  used  up  in 
oxidizing  the  clots.  The  liquid  is  filtered,  and  the  solid  residue  is 
repeatedly  crystallized  from  60^  alcohol,  in  which  it  is  freely  soluble 
on  heating.  It  separates  on  cooling,  when  pure,  as  a  jelly-like  mass 
of  long  silky  needles  of  extreme  tenuity,  which  require  prolonged 

heating  to  100°  C.  to  dry  them.     The  substance  is  insoluble  in  water. 
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"but  dissolves  Tvith.  facility  in  alcoh.ol  or  glacial  acetic  acid.  It  melts- 
■wdth  partial  decomposition  at  120°  -  121°  C.  Analysis  gave  the  fol- 

lowing numbers : — 

Found. Calculated  for. 

CsHnBrsKO 

^  26-79 

2-73 

59-05 

It  is  evidently  derived  from  the  amide  by  the  substitution  of  three- 
atoms  of  bromine  for  three  atoms  of  hydrogen.  Its  constitution  is 
most  probably 

c =  26-65 
H =     2-95 
Br =  59-36 
]sr =     — 

BrC  =  a 

BrC  =  U 
Br. 

"Wlien  the  clear  liquid  from  which  this  body  has  been  filtered  off 
is  evaporated  on  the  "water-bath,  much  hydrobromic  acid  escapes, 
and  a  crystalline  body  is  deposited.  This  must  be  removed  before  the 
liquid  has  gone  quite  to  dryness,  and  it  is  then  easily  purified  by 
crystallization  from  water  or  alcohol.  The  new  body  forms  small 

hard  transparent  crystals  which  melt  with  decomposition  at  197°  C. 
It  dissolves  easily  in  all  alkalis,  and  is  reprecipitated  by  dilute  acids. 
Its  ammoniacal  solution,  when  evaporated  to  dryness  on  the  water- 
bath,  leaves  a  residue  which  is  not  dissolved  by  water,  and  which 
appears  to  be  the  original  body,  still,  however,  containing  a  little 
ammonia.  This  is  not  the  behaviour  of  a  true  acid.  Boiling  with 
fixed  alkalis  decomposes  it  completely,  ethylamine,  alkaline  bromide, 
and  other  bodies  not  as  yet  investigated,  being  formed.  Analysis 
leads  to  the  formula  CoHuBroXoOs. 

Found. Calciilated 

C     =  30-08 30-42 

H  =     3-31 

3-09 

Br  =  44-87 45-07 

N   =     7-8 

7-88 

0    =    — 
— 

This  compound  is  also  obtained  when  the  tribrominated  diethyl- 
carbopyrrolamide  is  treated  with  bromine  water.  The  reaction  is  per- 

haps the  following  : — 

CgHuBrsNoO  +  Bra  +  2H2O  =  CgHnBr.^^Os  +  4HBr. 

It  is  not,  however,  easy  to  frame  a  constitutional  formula  for  it 
which  shall  be  in  harmony  with  such  a  change,  unless  we  suppose 
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that  it  contains  one  atom  of  hydrogen  more  than  is  indicated  hy  ana- 
lysis, and  give  to  it  some  such  structure  as  the  following  : — 

CONHrCoHs) 
0  1  CONHCC^Hs) 
/\  I 

H  C— a  or         (HO)C  =  a 

BrC— C^  ErC  -  Qi 
\/Br  \/Br 
0  0 

either  of  which  would  require  3*37  per  cent,  of  hydrogen.^  This  view 
is  quite  justified  by  the  analysis  of  the  corresponding  methyl-com- 

pound given  below.  The  second  formula  would  have  the  advantage 

of  accounting  for  the  property  of  the  compound  of  dissolving  in  alka- 
line solutions.  As  I  have  pointed  out,  the  ammonia  compound  is 

decomposed  by  simple  heating  on  the  water-bath,  which  would  seem 
to  point  to  the  presence  of  a  hydroxyl  group.  It  is  unlikely  that  any 
oxidizing  action  has  been  exerted  upon  either  of  the  lateral  groups, 
C2II5 ;  for,  firstly,  the  compound  readily  evolves  ethylamine  when 
heated  with  caustic  potash,  and  secondly,  tetrabrominated  ethyl-pyrrol 
is  scarcely  attacked  even  when  heated  with  bromine  water. 

Prom  dimethylcarhopyrrolamide  similar  bodies  may  be  obtained  by 
shaking  with  bromine  water.  I  have  not  isolated  the  first  of  these, 
having  had  only  a  small  quantity  of  amide  to  work  with  :  but  the 
second  or  oxidized  compound  is  obtained  as  easily  as  its  ethyl-analogue, 
which  it  resembles  in  crystalline  form,  solubility,  &c.  It  melts, 

however,  at  a  higher  temperature,  204°  -  205°  C,  at  the  same  time 
decomposing.     I  give  a  partial  analysis  of  it. 

Foimd.  Calculated  for. 

CHsBr.NsOs 
C    =  25-27   25-6 
H   =     2-61   2-44 
Br  =  48-23   48-78 

The  study  of  the  action  of  potash  and  of  reducing  agents  upon 
these  bodies  will  probably  explain  their  constitution. 

[Note  added  in  the  FressJ] 

^  A  more  carefully  prepared  specimen  of  the  body  gave,  on  analysis,  C  =  30-42 
and  H  =  3'64  ;  agreeing  weU  -with,  the  formula  C9Hi2Br2N203,  which  requires 
C  =:=  30-34,  H  =  3-37  per  cent. 

K.  I.  A.  PROC,  SER.  11.,  VOL.  III. 
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XXIX. — On  the  Distillation  Pkoditcts  of  the  Sacchaeates  of 
AjirMONnjM  AND  EiHYLATvtMONniM.  By  Edwin  Lappek,  F.C.S.^ 
L.C.P.I.,  and  Chichester  A.  Bell,  M.  B.,  Univ.  Dublin. 

[Eead,  June  24,  1878.] 

In  a  former  communication/  one  of  us  has  shown  how  that  by  the 
action  of  heat  upon  the  mucates  of  the  fatty  amines,  a  series  of  bodies 
is  produced  which  may  be  regarded  as  substitution  compounds  of  the 

base  pyrrol,  CiHgiS',  obtained  by  the  dry  distillation  of  ammonium 
mucate.  Amongst  these  is  a  dicarboxyl  derivative  of  ethyl-pyrrol, 

CiIl2]S"(C2ll5) (CO 011)2,  the  formation  of  which  is  of  peculiar  interest, since  it  shows  that  the  production  of  the  pyrrol  nucleus  from  mucic 
acid  is  not  dependent  on  the  separation  of  its  carboxyl  groups. 

In  the  hope  of  being  able  to  throw  some  light  upon  the  isomerism 
of  mucic  and  saccharic  acids,  we  have  now  studied  the  action  of  heat 
on  the  saccharates  of  ammonium  and  ethylammonium.  It  appeared  to 
us  very  probable  that  by  this  action  we  would  obtain  either  bodies 
isomeric  with  those  from  mucic  acid,  or  totally  different  products  ; 
and  that,  in  either  case,  we  might  be  able  to  draw  conclusions  as  to 
the  constitution  of  the  two  acids.  In  one  respect  our  expectations  have 
not  been  fulfilled  :  nevertheless,  our  experiments  have  established  an 
interesting  difference  in  the  deportment  of  the  two  acids,  which  may 
at  some  future  time  be  of  importance  in  determining  their  constitution. 

Ammonium  saccharate  was  prepared  exactly  according  to  the 
directions  given  by  Liebig.  The  acid  was  purified  by  crystallization 
of  its  acid  ammonium  salt,  which  was  then  converted  into  the  neutral 
salt. 

The  saccharate  is  most  conveniently  heated  in  a  capacious  glass 
retort,  by  means  of  a  paraffin  bath.  Decomposition  begins  when  the 

bath  is  heated  to  136°  C,  and  takes  place  quickly  at  160°  C.  After 
some  time  the  whole  of  the  saccharate  disappears,  leaving  only  a 
slight  carbonaceous  residue  in  the  retort.  Ammonia  and  carbonic 
anhydride  escape  in  large  quantity,  and  the  liquid  in  the  receiver 
consists  of  an  aqueous  solution  of  ammonium  carbonate,  covered  by  a 
layer  of  oily  liquid.  The  neck  of  the  retort  is  covered  with  numerous 
crystals,  but  these  consist  entirely  of  ammonium  carbonate.  On  care- 

ful evaporation  on  the  water  bath,  the  watery  distillate  leaves  only  a 
trace  of  non-volatile  matter.  The  oily  layer,  after  being  washed, 
dried,  and  rectified,  possesses  all  the  characters,  boiling-point,  specific 
gravity  and  reactions,  of  ordinary  pyrrol,  its  identity  with  which  is 
thus  satisfactorily  proved.  The  following  equation  expresses  the 
reaction — 

C6HioOs(NH3)2  =  C4H5JS"  +  2CO2  +  KE3  +  4H2O. 

1  "Proceedings,"  Second  Series,  vol.  iii.,  Science,  p.  33. 
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Pyrrol  is  obtained  in  almost  theoretical  quantity ;  and  if  ammonium 
saccharate  could  be  conveniently  prepared,  it  would  undoubtedly  be 
the  best  source  of  the  base. 

With  this  equation  we  may  contrast  the  action  of  heat  upon 
ammonium  mucate,  by  which  not  only  pyrrol,  but  also  carlopyrrola- 
inide,  is  formed — 

C6Hio08(NH3)o  =  CiHiI^CCONH.)  +  CO.  +  5HoO. 

The  amide,  by  boiling  with  baryta-water,  is  easily  converted  into 
carhopyrrolic  acid;  and  this  acid  when  heated  splits  up  into  pyrrol 
and  carbonic  anhydride — 

C.H^IS'CCOOH)  -  C4H5N  +  CO.. 
Since  ethylamine  acts  upon  mucic  acid  differently  from  ammonia, 

we  have  also  studied  the  action  of  heat  upon  ethylammonium  saccha- 
rate. 

To  obtain  this  salt,  and  to  avoid  the  tedious  preparation  of  free 
saccharic  acid,  we  took  equivalent  weights  of  acid  ammonium  saccha- 
rate  and  diethyloxamide.  The  first  was  converted  into  neutral  salt, 
and  to  its  concentrated  aqueous  solution,  carefully  freed  from  excess 
of  ammonia,  we  added  the  neutral  sulphate  of  ethylia  prepared  from 
the  diethyloxamide.  The  mixture  was  evaporated  to  dryness  in  vacuo 
at  a  gentle  heat,  and  the  residue  exhausted  with  absolute  alcohol, 
which  extracts  only  ethylammonium  saccharate.  After  evaporating 
the  alcohol,  the  salt  remained  as  a  syrupy  mass,  which  showed  little 
tendency  to  crystallize.     It  was  therefore  at  once  distilled. 

Ethylammonium  saccharate  decomposes  with  intumescence  at 

ubout  120°  C,  exhibiting  the  same  appearances  as  the  ammonia  salt, 
except  that  no  crystals  are  formed  in  the  neck  of  the  retort.  The 
watery  liquid  which  collects  in  the  receiver  contains  only  ethylam- 

monium carbonate,  and  the  oily  layer  consists  of  nearly  pure  ethyl- 
pyrrol  in  almost  theoretical  amount.     The  equation — 

C'8Hio08(NH2C2H5)2  =  C4H4]S"(C3Ha)  +  2C0,  +  NH3C2H5  +  4H.0, 
Tej)resents  the  decomposition.  A  most  careful  examination  failed  to 
detect  any  other  substance  either  in  the  distillate  or  in  the  residue. 
The  latter  was  exceedingly  small. 

Ethylammonium  mucate,  on  the  other  hand,  breaks  up  by  heat  in 
the  following  ways : — 

(1).  CeHioOsCNH^C^Hs),  =  CiH,N(C2H5)  +  200.  +  NH2C0H5  +  4HoO  ; 

(2).  CeHioOgCNH^CaHs)^  -  GiR.M'^^^o)GO^^G2^,  +  COo  +  SH^O, 

and  by  the  action  of  nascent  ethylamine  from  reaction  (1), 

(3;.  C6Hio08(NHAH5)2  +  NH2C2H5  =  CH^NCCoHa)  (CONHCoHa)^ 
+  6H2O. 
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With  regard  to  the  cause  of  the  difference  in  the  behaviour  of  the 
two  acids,  but  little  can  be  said.  According  to  all  experiments 
hitherto  published,  it  is  extremely  probable,  if  not  absolutely  certain, 
that  the  relative  position  of  the  carbon  atoms  is  the  same  in  both. 
Both  are  normal  compounds  ;  and  the  differences  between  them  must 
be  due  to  the  positions  of  their  hydroxyl  groups.  If  we  give  to  either 
acid  {e.  g.  mucic  acid)  the  formula 

CO3H  _  CH(OH)  -  CH(OH)  -  CH(OH)  -  CH(OH)  -  COoH, 

and  to  pyrrol  the  constitution  proposed  by  Baeyer, 

H 
HC  =  C. 

I        >H, 

HC  =  C"^ 

H 

the  formation  of  the  latter  is  easily  explained — 

COOH 
I  H 

II(OH)C  -  CH(OH)  HC  =  C 
II  +NH3=      I         >NH 

H(OH)C  -  CH(OH)  C=  C 

I  H    H COOH 
+  2C0o  +  4H2O. 

At  the  same  time  one  or  both  of  the  carboxyl  groups  may  become 
amidated,  and  may  remain  with  the  pyrrol  nucleus.  In  saccharic 
acid  now  we  may  imagine  a  greater  number  of  hydroxyl  groups  to  be 
joined  to  the  carbon  atoms  in  the  neighbourhood  of  the  carboxyl,  and 
consequently  the  latter  to  be  rendered  unstable.  Hence,  when 
ammonium  saccharate  is  distilled,  it  parts  with  both  carboxyl  groups, 
and  gives  pyrrol,  but  no  carbopyrrolic  acid.  This  explanation  is 
reasonable,  for  we  know  that  oxy acids  as  a  rule  lose  CO2  much  more 
easily  than  the  acids  from  which  they  are  derived,  and  those  in  whicli 
the  OH  is  near  the  carboxyl  more  easily  than  those  in  which  it  is 
remote  from  it.  Thus,  succinic  acid,  when  heated,  yields  an  anhy- 

dride, whilst  tartaric  acid  (dioxysuccinic  acid)  decomposes  into  car- 
bonic anhydride  and  pyroracemic  acid.  Again,  salicylic  acid  separates 

more  easily  into  phenol  and  COo  than  either  of  its  isomerides,  para- 
and  meta-oxybenzoic  acids;  whilst  benzoic  acid  may  be  distilled 
unchanged.     Many  similar  examples  might  be  adduced. 

We  purpose  studying  the  action  of  ammonia  on  other  highly  oxy- 
genated acids. 
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XXX.   COMPXTTATION   OF   TiDES  AT   FLEETWOOD.   DlSCITSSIOIir    OP    CoR- 

EESPONDING-    PHENOMENA    IN    DTFEEEENT    YeAES,     ETC.         ̂ ^J    JaMES 
Peaeson,   M.  a.,  Ex-Scholar  (lotli  Wrangler),    Trinity  College, 
Cambridge. 

[Eead,  November  11,  1878.] 

In  my  first'  communication  on  the  subject  of  the  Tides,  I  gave  a  brief 
account  of  the  guiding  principles  which  led  me  to  the  construction  of 
reyised  Tables  for  their  computation,  and  the  graphic  process  by  which 

I  obtained  a  clue  to  them.  My  second^  Paper  showed  the  results  of 
theory  as  compared  with  observation,  and  proved  that  the  course  of 

the  "diurnal  inequality"  was  correctly  explained  and  traced  out. 
The  object  of  my  present  Paper  is  to  illustrate  the  correspondence  of 
tides  in  different  years,  having  the  same  constituents  approximately^ 
If  a  velocity  of  angular  rotation,  equal  and  opposite  to  that  of  the 
earth,  be  supposed  to  be  communicated  to  the  moon,  the  earth  will  be 

reduced  to  rest,  and  the  moon's  path  in  the  sky  will  be  represented  by 
a  sort  of  spherical  helix,  the  convolutions  of  which  will  ascend  from 

east  to  west,  whilst  the  moon's  declination  passes  from  south  to  north  ; 
and  during  that  interval  the  path  of  the  "anti-moon"  will  be  also 
represented  by  a  corresponding  spherical  helix,  but  differing  from  the 
former  in  this  respect,  that  its  convolutions  will  descend  from  east  to 

west,  whilst  the  actual  moon's  declination  has  the  fore-mentioned 
changes.  To  use  a  familiar  illustration — in  the  one  case  we  shall  have 
a  left-handed  cork-screw  motion,  and  in  the  other  a  right-handed  one. 
Consequently,  the  lunar  and  anti-lunar  tides  are  essentially  different 
in  their  operation,  and  so  are  the  solar  and  anti-solar  tides.  On  the 
method  which  I  have  adopted  in  dealing  with  the  subject,  any  single 
tide  during  any  year  will  only  have  one  tide  corresponding  to  it,  out 
of  all  the  tides  in  any  other  year,  and  hence  it  becomes  interesting  to 
inquire  how  far  such  co-ordinate  tides  (as  I  may  term  them)  agree 
with  observation  as  years  advance ;  and  with  this  purpose  in  view, 
I  will  select  a  series  of  such  tides,  commencing  with  the  year  1873, 
and  occurring  in  the  same  month  (April)  in  each  year  subsequent ; 
also  another  series  occurring  in  the  same  month  (September)  in  each 
year.  The  results  will  speak  for  themselves ;  but  I  would  invite 
attention  to  the  tides  for  1872,  Sept.  15,  evening,  and  1873,  Sept.  5, 
evening.  These  have  almost  identical  constituents ;  and  yet,  from 
atmospheric  causes,  we  have  in  one  case  a  resulting  tide  three  inches 
above  calculation,  and  in  the  other  a  resulting  tide  eleven  inches 
below. 

^  Vide  ante,  page  72.  2  yi^e  ante,  page  111. 

K.  I.  A.  PKOC,  SEE.  II.,  VOL.  III. — SCIENCE.  P 
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It  may  be  of  interest  to  place  on  record  examples  of  the  most 
extreme  cases  of  high,  and  low  tides  which  I  have  as  yet  observed. 
The  tides  in  these  instances  were  produced,  of  course,  under  circum- 

stances least  favourable  and  most  favourable  to  their  development. 

1876,  March  19,  Evening, 
Anti-lunar  and  Anti-solar. 

1874,  March  ig,  Evening, 
Lunar  and  Solar. 

Moon's  Transit,       .... 
Inc.  for  Lunar  or  Anti- lunar, 

Moon's  Hoiizontal  Parallax, 
Moon's  Declination,    .     .     . 
Sun's  DecUnation,       .     .     . 

h.      m.                     ft.       in. 
18      8                  20      0 

-    4 

54'   14"  _               -12 

28°  44'  N.  fes        -  19 
rs.K             -   3 

h.       m.                    ft.       in. 
11     00                26      3 

+    7 61'   22"+             +27 
0"  27'  S.  asc.     +  14 

0°                        +7 

ft.     in. 
15     8  obs.             16  10 

ft.      in. 
30    11  obs.        30    10 

(Helbre  Island.) 

In  the  former  case  the  tide  fell  fourteen  inches  below  its  expected 

height ;  but  the  barometer  on  this  occasion  stood  at  30°-7',  and  the 
wind  was  very  cold  and  heavy  from  the  jSTorth.  Such  a  low  tide  had 
not  been  remembered  for  at  least  twenty  years. 

Annexed  are  comparisons  for  the  month  of  September,  1878. 

Date. Calcula- 
tion. 

Decrem. 
Observa- tion. 

Increm. 

or 
Decrem. 

Remarks. 

Barom.,  Wind,  &c. 

1878. ft. 
in. in. 

Sept. 

12, 
25 10 

+  18 
27 

4 

-  15 
13, 

- - — 
26 1 

+   14 
14, 27 

3 

-  18 

25 9 
+     9 

15, 
26 6 

-  18 

25 0 
+     6 

16, 
25 6 

-  19 

23 
11 +     4 

17, 
24 3 

-  18 

22 9 0 18, 
22 9 

-  17 

21 4 4-     1 
19, 21 5 

-  14 

20 3 
-     6 

20, 
19 9 

-  11 

18 
10 

-     3 

ft. 
in. in. 25 
9 

+     9 
26 

6 

-     9 

25 27 

25 

26 
26  11 
27  10 
25 25 
24 
24 
22 

22 
21 
19 18 

6 
0 
5 
2 11 

10 
5 
6 
8 

+  18 

-  18 

+  9 
+  5 
+  11 

-  18 
-  6 -  7 

-  3 
-  15 -  1 -  17 

-  23 
-  10 
-  3 

30-2  "W.X.W.,  half  gale. 
30-3  W.N.W.,  signal  flying. 

30-4 
30-1 

30-0 29-9 
29-4 
29-5 

29-8 
29-9 
29-8 29-7 
29-7 

29-8 
29-9 30-1 

30-4 

■W.N.W.jCalm. 

W.S.W.,  calm. 
W.S.W.,  calm. 
S.W.,  fi-eshening. 
S.W.,  equinoctial. N.W.,  gale. 
ISr.N.W.,  abating. 
W.S.W.,  backing. 
W.S.W.,  backing. ISI'.W.,  strong. 
W.,  strong. "W.,  half  gale. 

W.,  unsettled. 
W.,  gusty. 
W.,  calm. 

P  2 
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Date. Calcula- tion. 

Increm. 
or 

Decrem. Observa- 
tion. 

Increm. 
or 

Decrem. 

Remarks. 

Barom.,  Wind,  &c. 

187 
8. ft. in. in. 

Sept. 

21, 
18 

/ 
+  7 

19 
9 +  7 

22, 

19 9 
+  16 21 1 

+   11 

23, 

22 0 
+  15 23 3 
+  12 

24. 
24 3 

+  20 25 
11 

+  17 

25, 

26 4 +  17 
27 

1 

+  6 

26, 

28 3 
+   20 29 8 

—   0 

27, 

29 3 
+  11 

30 
2 

-  6 
28, 

- — 
29 8 

+  1 
29, 

29 9 

-  12 

28 9 — 

ft. 
in. 

in. 
18 0 

-!-  8 

19 1 

+  16 
20 

0 +  7 
21 0 

+  16 22 4 

+  13 

23 
5 

+  4 23 9 +  22 

25 
7 

+  22 

27 

5 
+  -5  i 27 

10 +  0     \ 28 
3 

+   20 29 11 

-  8 

29 3 

+  10 30 
1 

-  5 

29 7 
+  4 29 11 

-  13 

28 10 — 

30-4  W.,  calm. 
30  "3  signal  out. 
30-0  S.S.W.,  fresh. 
29-8  S.,  calm,  heavy  rain. 
29-6  S.W.toN.W.,  signal  out. 
29-7  N.W.,  calm. 
30-0  'N.W.,  gusty. 

30-0  W,  gusty." 29-6  S.W.,  falling  fast. 
29-7  N.X.W.,  fresh,  cold. 
30-0  X.TV.,  cahn. 
30-0  W.S."^.,  calm. 
30-0  W.,  cahn. 
30-1  "W".,  calm. 

30-0  "W.,  calm. 
30-0  W.,  cahn. 
30-0  v.,  calm. 
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XXXI. — Computation  of  Occijitation-s  and  Eclipses.  By  James 
Pearson,  M.  A.,  F.  E.  A.  S.,  late  Scholar  of  Trinity  College, 
Cambridge,  Yicar  of  Fleetwood. 

[Read,  February  10,  1879.] 

Thj:  methods  of  calculating  the  circumstances  connected  with  the  above 

phenomena,  as  given  by  Mr.  "VYoolhouse  in  the  appendix  to  the  Nautical 
Almanac  for  1836,  or  as  contained  in  Admii'al  Shadwell's  work 
on  the  subject,  are  confessedly  so  laborious  and  puzzling,  that  any 
arrangement  by  means  of  which  the  same  results  might  be  obtained 
with  more  facility  must  be  esteemed  desirable.  The  graphic  process 
delineated  by  Mr.  Penrose  in  his  valuable  treatise  is  a  step  in  this 
direction,  but  it  is  capable  of  being  so  modified  as  that  it  can  be  easily 
performed  in  about  twenty  minutes,  and  bring  out  the  times  of  occur- 

rence within  thirty  seconds.  To  explain  the  mode  by  which  this  is 
accomplished  is  the  object  of  the  present  communication. 

For  ordinary  use  in  these  operations  it  is  necessary  first  to  con- 
struct a  series  of  concentric  ellipses,  having  a  common  semi-axis  major 

ten  inches  in  length.  The  semi-axes  minor  are  in  the  same  straight 

line,  but  are  of  lengths  10  sin  2°,  10  sin  4°,  10  sin  6°,  &c.,  up  to  28°, 
which  is  the  extreme  range  of  the  moon's  declination.  Ordinates  are 
drawn  to  the  semi-axis  major,  the  abscissae  of  which  are  successively 
10  sin  15°,  10  sin  30°,  10  sin  45°,  &c.,  corresponding  to  the  hours 
I,  n,  HI,  &c.  The  construction  of  this  diagram  will  not  be  a  matter 
of  much  difficulty  to  those  who  are  acquainted  with  the  elements  of 
Conic  Sections,  and  it  must  be  treasured  up  for  subsequent  use,  being 
the  only  diagram  required  in  the  process. 

The  next  step  is  to  construct  a  scale  of  equal  parts,  the  length  of 

ten  divisions  of  which  is  represented  by  the  number  -=-   =,  where  P ^  ^  Pp  cos  I 

is  the  moon's  reduced  relative  Horizontal  Parallax,  p  the  factor  which 
deduces  the  Earth's  radius  at  the  proposed  place  from  the  equatorial 
radius,  and  I  the  geocentric  latitude.    Since  this  scale  involves  both  the 
latitude  and  the  parallax,  it  is  called  the  latitude-parallax- scale,  and 
the  number  referred  to  is  to  be  taken  from  an  ordinary  inch-diagonal 

navigation  scale.     This  done,  the  moon's  reduced  horary  motion  in 
right  ascension,  and  given  horary  motion  in  declination,  will  enable 

us  to  lay  down  the  moon's  relative  orbit  by  its  aid,  which  orbit  must 
be  subdivided  into  hours  and  minutes  by  the  compasses,  commencing 

at  the  instant  of  the  moon's  true  conjunction.     The  position  of  the 
centre  of  the  projection  of  the  parallel  of  latitude  of  the  given  place 
must  be  found  by  the  number  representing, 

{diff.  dec.  -  Pp  sin  /  cos  S) , 

the  notation  being  the  same  as  before  ;  and  it  will  be  below  or  above 

the  moon's  centre  at  conjunction  according  as  the  above  quantity  is 
-f  or  -  ;  and  this  being  ascertained,  the  ellipse-diagram  will  guide  in 
tracing  out  as  much  of  the  ellipse  as  is  traversed  during  the  progress 
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of  tlie  eclipse,  and  in  subdividing  it  into  intervals  of  hours  and  minutes. 
Lastly,  from  the  latitude-parallax-scale  is  taken  an  extent  equal  ta 
the  sum  of  the  semi-diameters  reduced  of  the  sun  and  moon,  and  one 

foot  being  set  on  the  moon's  path  and  the  other  on  the  path  of  the 
observer,  the  compasses  are  moved  backwards  and  forwards  till  the 
points  fall  into  the  same  hour  and  minute  in  both  paths,  thus  showing 
the  required  times. 

To  facilitate  the  subdivision  of  the  latitude-parallax-scale,  and  of 

the  hours  on  the  moon's  path,  two  diagrams  may  be  dra-v\Ti  as  on 
page  185,  only  enlarged  in  magnitude  : — 

The  moon's  horary  motion  in  right  ascension  is  taken  from  the 
"variations  for  lO"","  given  in  the  Nautical  Almariac,  by  calling  the 
seconds  of  time  minutes  of  arc,  and  increasing  these  quantities  half  as 

much  again.  The  moon's  horary  motion  in  declination  is  taken  from 
the  corresponding  quantities  in  the  same  page,  by  regarding  the 
seconds  of  arc  as  minutes  of  arc,  and  dividing  by  10. 

Taele  of  Values  of  Ten  Divisions  of  the  Latitude-Parallax- Scale,  and  of 

Pp  sin  I,  for  Greenwich  Lat.  Geoc.  57°  17'  ]^.,  used  in  construction 
of  Occultations  and  Eclipses. 
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XXXII. — Ox     THE     SuPEENTJilEEAJRT    ElJfGS     OF    THE    EaDOOW.        Bj 
PhTT.TP   BuRTOis'. 

[Eead  November  11,  1878.] 

The  explanation  of  the  rainbo-vr,  Tvliich  was  given  by  Sir  Isaac 

iN'ewton  in  his  "  Optics,"  did  not  comprise  any  account  of  the coloured  rings  frequently  to  be  seen  within  the  violet  of  the  primary 
bow,  and,  more  rarely,  outside  that  of  the  secondary  ;  nor  is  it  pro- 

bable that  these  phenomena  had  been  noticed  when  he  wrote.  The 
theory  thus  remained  defective  until  1803,  when  Dr.  Toung  showed 
that  the  supernumerary  colours  were  caused  by  the  interference  of  two 
portions  of  light,  which,  though  incident  upon  the  drops  of  rain  at  dif- 

ferent angles,  were  emitted  parallel,  and  reached  the  eye,  after  having 
traversed  unequal  spaces.  According  to  this  principle,  the  places  of 
the  additional  rings,  with  respect  to  the  primitive  rainbows,  must  vary 

with  the  size  of  the  di'ops  by  which  they  are  formed ;  but  a  different 
method  of  estimating  the  effects  of  interference,  devised  by  Sir  Gr. 
Aiiy  in  1838,  seems  to  be  generally  adopted  at  the  present  day.  In  the 

account  of  the  latter  system,  which  is  given  in  a  recent  publication,^  it 
is  stated  universally  that  the  calculation  shows  ' '  there  is  a  succession 
of  feebler  and  feebler  concentric  cii'cles  of  maximum  brightness — in- 

side the  principal  maximum  in  the  primary  bow,  and  outside  it  in 

the  secondaiy  "  ;  and  no  reference  being  made  to  the  effect  of  different 
dimensions  of  the  di'ops,  the  results  obtained  would  seem  to  be  indepen- 

dent of  such  variation,  from  which  it  may  be  inferred  that  the  pheno- 
mena are  always  similar,  and  that  all  the  di'ops  are  equally  effective 

to  produce  them.  As  many  appearances  of  these  bows  have  come 
under  my  notice,  I  can  perceive  that  the  conclusions  now  referred  to 
are  not  warranted  by  obseiwation  ;  I  am,  therefore,  induced  to  put 

forward  this  Paper,  in  which  I  shall  endeavoiu'  to  show  that  the  posi- 
tions and  breadth  of  the  interference  bows  do  actually  vary  within 

certain  limits,  though  not  perhaps  to  the  extent  which  Dr.  Young's 
theory  would  seem  to  requii'e ;  also,  that  the  phenomena  in  question 
can  only  be  produced  by  drops,  which  do  not  exceed  a  certain  size. 

The  most  usual  appearance  presented  by  the  additional  bows 
agrees  very  well  with  the  description  given  in  1722  by  Dr.  Langwith, 
who  seems  to  have  been  one  of  the  first  to  observe  them.  "  The  colours 

of  the  primary  bow,"  he  says,  "  were  as  usual,  only  the  purple  very 
much  inclining  to  red,  and  well  defined  :  under  this  was  an  arch  of 
green,  then  alternately  two  arches  of  reddish  purple,  and  two  of  green, 
and  under  all  a  faint  appearance  of  another  arch  of  purple.  . 

"We  had  here  four  orders  of  colours,  and  perhaps  the  beginning of  a  filth :  and  the  breadth  of  the  first  series  so  far  exceeded  that 

^  Chambers'  "  Encyclopsedia." 
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of  any  of  the  rest,  that,  as  near  as  I  could  judge,  it  was  equal 

to  them  all  taken  together."  {^Philosophical  Transactions,  vol.  xxxii., 
p.  243.)  On  several  occasions  I  have  seen  bows  corresponding  with 
this  description ;  but  the  breadth  of  the  colours  was  not  always 
the  same,  being  sometimes  very  narrow,  and  at  other  times  more 
considerable.  It  does  not  often  happen  that  so  many  coloured  rings 
become  visible  together,  though  in  almost  every  rainbow  I  find  that 
the  first  additional  ring  of  green  can  be  observed  in  contact  with  the 
primitive  violet :  the  appearance  of  a  reddish  or  purple  ring  within 
the  green  is  also  not  unusual ;  and  on  less  frequent  occasions  these 
colours  are  repeated  in  the  same  order.  In  almost  every  instance 
we  can  see  that  the  interference  rings  decrease  in  brightness  as  they 
recede  from  the  primitive  bow,  and  they  are  also  narrower  than  the 
rings  which  compose  the  latter. 

On  the  26th  of  June,  1877,  at  7"40  p.m.,  I  observed  a  rainbow 
with  supernumeraiy  rings  differing  in  some  particulars  from  those  now 
mentioned.  In  this  instance  there  was  in  contact  with  the  violet  a 

ring  of  red,  which  was  followed  by  other  rings  in  this  order — green,  red, 
green,  red,  green,  red.  These  colours  were  almost  as  bright  as  those 
of  the  principal  bow ;  and  although  the  last  ring  of  red  seemed 
as  brilliant  as  any  of  the  others,  there  was  no  indication  of  any  fainter 
rings  beyond  it.  They  were  not  formed  at  all  parts  of  the  arc,  but 
only  in  positions  where  the  sun  seemed  to  shine  strongly ;  also,  the 

breadth  of  each  ring  seemed  to  be  ecj[ual  to  the  sun's  diameter ;  and 
the  colours  observed  were  red  and  green — not  purple  and  green,  as 
they  usually  appear. 

The  additional  colours  on  the  outside  of  the  secondary  bow  are  very 
rarely  seen  on  account  of  their  faintness ;  indeed,  I  have  not  been 
able  to  notice  in  this  position  more  than  a  single  green  ring,  and  that 
only  on  a  few  occasions. 

An  important  principle  in  connexion  with  the  supernumerary 
colours  is,  that  there  is  a  limit  to  the  size  of  the  drops  in  which 
they  are  formed ;  so  that,  although  the  smaller  drops  may  produce 
them,  those  of  larger  size  are  quite  inelfieient  to  do  so.  This  principle 

maybe  expected,  from  Dr.  Young's  theory;  for  it  appears,  from  his 
mode  of  calculation,  that  the  number  of  returns  of  the  rays  within  a 
given  distance  from  the  caustic  increases  with  the  size  of  the  drops : 
consequently,  the  rings  being  more  numerous  in  equal  spaces,  the 
breadth  of  each  must  diminish  as  the  drops  grow  larger  ;  and  when  a 
certain  limit  is  attained,  the  opposite  colours  being  very  close,  will 
reach  the  eye  compound  or  white,  just  as  if  no  interference  took 
place.  That  this  is  really  the  case  may  be  shown  by  examining  the 
coloured  rings  produced  by  single  drops  of  rain  in  the  following 
manner : — 

If  we  take  a  fine  hair,  or  a  slender  fibre  of  flax,  &c.,  and,  holding 
both  ends  of  it  in  the  fingers,  immerse  it  in  water,  again  withdrawing 

it  in  such  a  manner  as  will  cause  some  particles  of  the  fluid  to  adhei'e  to 
it ;  upon  bringing  one  of  these  particles  very  close  to  the  eye,  and  in 
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a  proper  position,  whilst  at  the  same  time  the  sun  shines  upon  it,  we 
shall  observe  a  brilliant  arc  of  rainbow  lying  apparently  within  the 
drop,  and  accompanied  by  many  supernumerary  rings.  The  colours  of 
these  rings  are  alternately  green  and  purple,  and  they  are  all  concen- 

tric with  the  principal  bow.  If  we  now  alter  the  position  of  the  drop  a 
little  towards  the  sun,  these  colours  will  disappear,  and  the  secondary 
bow,  encircled  with  brilliant  supernumerary  rings  on  its  outside,  will 
come  into  view.  By  changing  the  position  of  the  drop  with  respect 
to  the  eye,  at  the  same  time  retaining  it  at  the  proper  elongation 
from  the  sun,  we  get  a  view  successively  of  every  portion  of  the  arcs 
produced  by  the  drop,  and  can  perceive  that  the  form  of  each  bow  is 
nearly  that  of  a  circle,  convex  to  the  sun.  The  curvature  of  the  caustic 
for  the  secondary  bow  is  much  greater  than  that  of  the  primary, 
so  that  within  the  limits  of  the  visible  arcs  it  is  seen  to  intersect  the 

primary  at  two  points  equally  distant  from  the  centre  of  the  drop,  its 
supernumerary  rings  converging  towards  it  as  they  approach  those 

points. 
In  order  to  show  that  the  large  drops  do  not  produce  the  inter- 

ference rings,  we  may  contrive  to  make  a  hair  take  up  a  comparatively 
large  drop  of  water,  or  we  may  bring  some  of  the  small  drops  together 
so  as  to  form  larger  ones,  l^ow,  upon  examining  those  whose  dia- 

meters are  greater  than  about  -^  of  an  inch,  we  can  perceive  that  they 
form  beautiful  bows,  both  primary  and  secondary,  but  in  each  case 
without  any  trace  of  supernumerary  rings.  In  these  drops,  also,  it  is 

seen  that  there  is  "  a  continued  diffusion  of  fainter  light  within  the 
bright  termination  which  forms  the  rainbow',"  and  the  colours  of  the 
latter  are  more  brilliant  and  homogeneous  than  those  formed  in  the 
small  drops,  especially  the  red,  which  is  strikingly  distinct  at  the  edge. 
The  limit  of  size  beyond  which  interference  does  not  take  place  may 

be  determined  by  subjecting  one  of  the  large  drops  to  a  gentle  evapo- 
ration. For  this  purpose  the  heat  of  the  sun,  in  summer,  will  be  suf- 
ficient. As  soon  as  the  diameter  of  the  drop  is  decreased  below  the 

assigned  quantity  the  supernumerary  rings  will  be  formed,  being  at 
first  very  narrow,  though  in  great  numbers,  and  they  will  continue  to 
be  produced  at  all  smaller  sizes.  Upon  examining  various  dimensions 
of  the  drop,  we  observe  that  the  nearer  its  diameter  approaches  the 
limit  referred  to  the  more  numerous  are  the  rings,  but  the  smaller 
sizes  cause  the  colours  to  be  broader.  Also,  as  the  size  of  the  drop  de- 

creases, the  colours  produced  are  somewhat  blended,  the  red  of  the 
principal  bows  appearing  partly  orange  or  yellowish  even  at  the  edge, 
and  the  supernumerary  colours  becoming  yellowish  and  dark  purple. 

"When  the  drop  is  still  further  diminished,  the  primitive  bows  are 
exactly  similar  to  the  others,  consisting  of  two  colours  only,  and,  be- 

fore it  finally  vanishes,  only  bright  and  dark  bands  are  produced. 
The  foregoing  experiments  may  be  made  with  other  fluids,  and  it 

appears  that  the  limiting  diameter  of  the  drop  diminishes  as  the  refrac- 
tive power  increases  :  thus  it  is  less  in  oil  of  turpentine,  linseed  oil,  &c., 

than  in  water.     The  rings  are  particularly  brilliant  and  numerous  in. 
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oil.  The  principle  might  also  be  illustrated  by  melting  small  pieces 
of  glass  into  globules  of  various  sizes,  and  all  the  phenomena  referred 
to  can  be  seen  in  the  dewdrops  hanging  from  slender  blades  of  grass, 
&c. 

The  diameter  of  the  largest  raindrop  which  can  produce  the  super- 
numerary colours  (estimating  it  without  micrometrical  appliances)  is 

about  aV  of  an  inch  ;  but  from  the  general  appearance  of  the  bows  it 
is  probable  that  the  drops  which  form  them  are  much  smaller.  Dr. 
Young  has  calculated  the  size  of  those  necessary  to  cause  the  pheno- 

mena described  by  Dr.  Langwith  to  be  about  Ve"  of  an  inch,  and  says  it 
would  be  sufficient  if  they  were  between  -yV  and  -^V  [Phil.  Trans., 
vol.  xciv.,  p.  48).  It  is  certain  that  a  slight  diiierence  in  size  does 
not  interfere  with  the  regularity  of  the  bows ;  for,  if  we  look  into 
the  web  of  a  very  minute  spider,  which,  resembling  gossamer,  is  to  be 
met  with  on  the  ground,  we  can  often  perceive  upon  it  drops  of  dew 
not  exceeding  xou  of  an  inch  in  diameter,  and  these  collectively  form 
several  supernumerary  rings,  which  appear  perfectly  regular  and 
concentric  with  the  outside  bow,  although  it  can  scarcely  happen  that 
the  drops  should  be  exactly  equal  in  size. 

If  the  colours  of  the  iris  be  seen  through  a  telescope,  as  in  M.  Babi- 

net's  experiment,  in  which  they  are  observed  in  a  descending  column 
of  water  let  down  through  a  small  aperture,  it  is  evident  that  the  limit 
at  which  interference  ceases  to  take  place  ought  to  be  greater  than 
when  the  phenomena  are  observed  by  the  naked  eye.  Professor  Potter, 

in  detailing  the  results  of  his  observations,  mentions^  that,  when  the 
water  was  xo  of  an  inch  in  diameter,  the  interference  bars  were  plainly 
visible,  but  in  some  other  instances  they  did  not  appear  at  all.  He 
has  not  stated  the  cause  of  their  non-appearance,  but  it  was  probably 
owing  to  the  thickness  of  the  column  of  water  exceeding  the  limit  at 
which  interference  occurs. 

Dr.  Pemberton,  in  endeavouring  to  explain  why  the  supernumerary 
colours  usually  appear  more  vivid  under  the  upper  part  of  the  bow, 

remarks  that  "  it  is  most  likely  they  are  formed  in  the  vapour  of  the 
cloud  which  the  aii',  being  put  in  motion  by  the  fall  of  the  rain,  may 
carry  down  along  with  the  large  drops,  "^  but  it  being  certain  that  the 
clouds  produce  no  such  colours,  we  should  rather  attribute  the  circum- 

stance to  the  greater  abundance  of  the  small  drops  in  the  higher  re- 
gions, their  number  being  diminished  as  they  descend,  on  account  of 

several  particles  coalescing  with  one  another,  and  forming  drops  too 
large  to  produce  colours  by  interference.  It  is  also  very  probable  that 
the  unusual  vividness  of  these  bows,  which  occasionally  occurs,  is 
owing  to  the  preponderance  of  small  drops  in  the  shower  which  pro- 

duces them,  and  to  their  general  uniformity  in  size.  It  may  seem  in- 
consistent with  this  explanation,   that  the  additional  coIotu's  often 

~  Philosophical  Magazine,  May,  1855,  p.  321. 
^  Fhllosophical  Transactions,  abridged,  vol.  vi.,  p.  1-10. 
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appear  very  vivid  in  heavy  rains  consisting  of  large  drops,  but  this 
circumstance  is  easily  accounted  for.  In  some  of  the  heaviest  showers 
which  I  have  seen,  when  the  rain  was  carefully  observed  falling 
between  the  eye  and  an  aperture  in  a  wall,  &c.,  behind  which  a  dark 
screen  was  placed,  there  could  be  plainly  noticed,  amongst  the  large 
drops,  a  great  number  of  small  ones,  which,  being  impeded  by  the  air, 
did  not  descend  with  the  velocity  of  the  others.  These  small  drops 
may  also  be  occasionally  observed  in  the  open  air,  when  the  heavy 
drops,  descending  in  oblique  lines,  are  crossed  nearly  horizontally  by  a 
multitude  of  spherules  wafted  by  the  wind  in  various  directions.  It 
is  then  these  minute  particles,  which,  being  present  in  every  shower, 
produce,  when  more  or  less  uniform  in  dimensions,  the  colours  of  the 
supernumerary  bows. 

It  would  appear,  from  Dr.  Young's  theory,  that  in  the  iris  formed 
by  very  small  drops  there  ought  to  be  a  dark  space  between  the 
primitive  and  supernumerary  rings ;  but  however  small  may  be  the 
particles  which  we  examine,  these  colours  lie  close  to  one  another, 
unless,  indeed,  the  primitive  bows  be  supposed  to  have  vanished,  and 

that  all  the  rings  are  "  spurious,"  being  produced  by  rays  of  unequal 
lengths.  This  theory,  also,  does  not  explain  the  fact  which  appears  to 
be  well  established,  that  the  ordinary  rainbow  actually  occurs  within, 
the  calculated  place  of  the  caustic ;  neither  does  it  explain  the  mixing 
of  the  colours  at  the  outer  edge  of  the  bow  produced  by  the  small 
drops,  which  circumstance,  taken  in  connexion  with  the  diminished 
intensity  of  the  light,  would  seem  to  indicate  that,  in  this  case,  the 
rays  of  equal  lengths  have,  at  least,  partially  disappeared,  although 
manifestly  this  does  not  take  place  in  the  large  drops. 

IS'OTE  ADDED  11^  THE  PEESS. 

The  phenomena  here  described  are  those  which  are  seen  in 
globular  drops  ;  but  as  small  particles  of  water  adhering  to  a  hair  are 
generally  distorted  into  a  spheroidal  form,  the  bows  produced  by  them 
are  somewhat  different  in  figure.  Also,  if  the  hair  does  not  pass 
through  the  centre  of  the  drop,  one  of  the  bows  is  sometimes  absent, 
or  is  divided  into  branches.  The  large  drops  are  not  sensibly  dis- 

torted ;  and  on  this  account,  when  I  first  perceived  that  they  did  not 
form  additional  rings,  I  considered  that  the  production  of  the  latter 
might  be  a  consequence  of  the  spheroidal  figure  of  the  small  drops : 
repeated  experiments,  however,  convinced  me  that  such  could  not  be 
the  case,  and  that  the  different  appearances  observed  in  both  cases 
were  entirely  dependent  on  the  size  of  the  particles. 
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XXXIII. — Sea-beaches,  especiaxlt  those  of  "Wexfokd  and  "Wick- 
low.     By  Q.  H.  Kinahan.     (With  Plates  4,  5,  6,  7.) 

[Eead  January  27,  1879.] 

The  travelling  of  sea-beaches  is  a  very  interesting  subject  to  the  geo- 
logist, but  it  is  one  most  important  to  the  engineer,  as  it  affects  so 

strongly  the  questions  of  the  proper  positions  and  construction  of 
harbours,  piers,  and  groynes.  During  the  time  I  have  been  engaged 
on  the  Greological  Survey  of  Ireland  (over  twenty  years)  I  have  had, 
when  stationed  in  maritime  districts,  favourable  opportunities  of  ob- 

serving the  sea-beaches.  This  has  been  specially  so  during  the  last 
six  years,  while  I  have  been  engaged  in  examining  the  counties  of 

Wicklow  and  "Wexford,  and  in  those  years  the  observations  made were  both  numerous  and  minute. 
From  the  Papers  read  before  the  different  Scientific  Societies  it 

would  appear  that  two  of  the  principal  points  of  controversy  as 
regards  this  subject  are  : — Whether  are  the  wind  waves  or  the  tidal 
currents  the  principal  moving  agents  in  the  shifting  of  the  beaches  ? 
and — Can  large  stones  be  carried  by  somewhat  ordinary  ocean  currents 
in  deep  water  ?     To  these  subjects  I  have  also  paid  special  attention. 

I  propose  laying  before  the  Academy  the  resrdts  of  my  obser- 
vations, which  relate  to  : — 

I.  The  travelling  of  beaches  due  to  the  tidal  currents. 
II.  The  effects  of  the  wind  waves. 

III.  Carriage  of  stones  in  deep  water. 
IV.  The  effects  of  the  travelling  of  beaches   on  the   harbours 

and  piers  between  Hook  Point  (Admiralty  Chart,  Ireland, 
sheet  xiv.)  and  Dalkey  Island  (Admiralty  Chart,   sheet 
xvi.) ;  concluding  with 

Y.  A  discussion  of  the  groynes  on  the  coast-line  between  Hook 
Point  and  Dalkey  Island. 

I.  Travelling  of  Reaches  due  to  the  Tidal  Currents. 

This  Paper  will  more  especially  refer  to  the  observations  made  on 
the  coast-line  of  south-east  Ireland  included  in  the  Admiralty  Charts, 
Ireland,  sheets  xiv.,  xv.,  and  xvi.^  On  the  accompanying  map 
(Plate  4)  the  principal  on-shore  flow-tide  currents  have  been  indi- 

cated ;  those  going  with  the  course  of  the  tide,  the  counter-currents 
(counter-tides),  and  the  half-counter-tides. 

As  pointed  out  in  Haughton's  Manual  of  Tides  and  Tidal  Cur- 

1  Sheet  XV.  is  on  the  scale  of  two  inches  to  the  mile.  The  chart  on  the  scale  of 

one  inch  cannot  now  be  procured  ;  'while  the  other  charts,  on  the  larger  scale,  have- 
not  as  yet  been  published. 
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rents,  the  wave  of  the  "flow-tide"  coming  in  from  the  Atlantic 
strikes  the  west  coast  of  Ireland,  and  divides,  part  going  northward 
round  the  north  coast,  and  part  eastward,  along  the  south  coast,  until 
it  has  passed  Carnsore  Point,  where  it  enters  the  Irish  Sea  and  flows 
northward  until  it  meets  the  north  wave,  in  the  vicinity  of  the  Isle 
of  Man.  These  waves  form,  in  places,  on-shore  currents;  and  the 
most  conspicuous  of  those  on  the  coast-line  which  we  are  now  con- 

sidering are  as  follows  : — When  the  south  wave  passes  Hook  Point  it 

sends  a  branch  to  the  iN'.E.,  along  the  east  shore  of  the  Hook  pro- montory to  Bannow  Bay,  where,  at  the  Keragh  Islands,  it  is  met  by 
a  "  counter-tide."  West  and  east  of  the  Saltee  Islands  there  are  also 
two  branch  on-shore  currents.  The  western  Saltee  current  runs 
north-eastward  to  Kilmore  Pier,  where  it  turns  westward  and  forms 

the  "  counter-tide "  that  meets  the  Hook  current  at  the  Keragh 
Islands.  At  the  meeting  of  these  two  currents  a  shoal  has  accu- 

mulated. Under  ordinary  circumstances  the  current  fi'om  Hook 
carries  the  beach  with  it  only  to  the  neighbourhood  of  Keragh, 
as  proved  by  the  fact  that  the  stones  from  the  Hook  promontory  are 

rarely  found  beyond  Keragh.  The  "counter-tide"  west  of  Ealmore 
carries  the  beach  Is.W.  along  Ballyteige  Bay ;  and  during  the  last 

forty  years-  (since  the  Ordnance  Maps  were  made)^has  lengthened  the 
Ballyteige  sandhills  more  than  two  hundi'ed  feet. 

The  eastern  Saltee  on-shore  current  flows  first  'N.^.  and  then, 
eastward  along  the  coast  to  Carnsore  Point,  during  two-thii'ds  of  the 
"  flow- tide"  ;  but  during  the  last  two  hours  of  the  "  flow"  ̂   there  is  a 
"half  counter-tide"  setting  westward  from  Carnsore  to  the  Kiltui'k 
Bank.  The  driftage  towards  the  N.E.,  due  to  both  the  western  and 
eastern  Saltee  currents,  forms,  at  their  colliding,  long  ridges  called 

St.  Patrick's  Bridges,  between  the  two  Saltees  and  between  the 
north  Saltee  and  the  mainland ;  while  the  meeting  of  the  driftage 
due  to  the  east  current  and  to  the  "  half  counter-tide"  fi'om  Carnsore 
have  formed  the  Kilturk  Bank. 

In  the  Irish  Sea  the  on-shore  current  runs  north  from  Carnsore  to 

Crreenore,*  where  three  currents,  at  least,  are  produced ;  one  going 
north  along  the  east  margin  of  the  Long  Bank,  the  second  in  the 
channel  to  the  west  of  the  Long  Bank,  while  the  thiixl  sweeps  round 

the  shore  of  the  South  or  Ballygeary  Bay.  The  fii'st  or  east  current 
carries  fragments  of  the  Greenore  and  Carnsore  rocks  and  other  de- 

tritus to  the  Long  Bank,  and  fi'om  it  north-eastward  to  the  Black- 
water  Bank,  and  from  the  latter  to  the  "  Shingle  Beach,"  Cahore, 

2  Here  and  elsewhere  forty  years  is  mentioned,  as  it  was  about  that  time  the 
Ordnance  Survey  Maps  were  published.  Prior  to  them  there  are  no  authentic 
records  of  the  coast-line. 

3  This  is  an  average,  as  the  "  half  counter-tide  "  begins  sooner  during  "springs" 
than  in  "  neaps." 

*  The  Greenore  mentioned  in  this  Paper  is  in  the  County  of  "Wexford,  and must  not  be  confounded  with  the  Greenore  to  the  north  (County  of  Louth) . 
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and  thence  still  further  northward  along  the  "Wexford  and  "Wicklow beaches ;  those  fragments  having  been  traced  to  Greystones,  a  little 
south  of  Bray  Head.  The  second  or  middle  current  also  carries  frag- 

ments of  the  Greenore  and  Carnsore  rocks  northward  in  seven  fathoms 

water,  as  has  been  proved  by  Thos.  Winder,  M.  Inst.  C.E.,  the  Eesi- 
dent  Engineer  of  the  Ballygeary  Pier,  while  making  a  submarine 
survey  in  connexion  with  the  works ;  and  the  third  or  on-shore 
current  carries  similar  fragments  along  the  beach  westward  and  after- 

wards northward. 
The  detritus  carried  by  the  second  and  third  currents  goes  to  the 

Dogger  Bank^  off  the  mouth  of  "Wexford  Harbour.  From  this  bank some  of  the  smaller  stones  are  carried  along  the  south  or  Hantoon 
channel  into  the  harbour,  and  lodged  on  the  western  side  of  the  Rosslare 

Bank ;  while  the  rest  of  these  are  swept  jS^.E.  across  the  deep  water to  the  Blackwater  Bank.  Eew  or  none  of  them  seem  to  be  carried 

across  the  North  Channel  into  the  J^orth  Bay  ;  for,  during  my  nume- 
rous visits  to  that  bay,  scarcely  a  fragment  of  the  Greenore  or 

Carnsore  rocks  was  found  along  its  beach ;  and  when  found  they 
were  only  to  the  northward,  in  the  vicinity  of  the  south  end  of  the 

Cahore  "Shingle  Beach."  This  accumulation  of  shingle  is  described 
fui-ther  on. 

The  water  of  the  lagoon  causes  various  complications  off  the  mouth 

of  "Wexford  Harbour,  as  the  tide  within  the  lagoon  flows  and  ebbs 
after  the  changes  of  the  tide  outside.  In  the  early  period  of  the  out- 

side "flow-tide,"  the  northward  current  along  the  Raven  and  the 
Blackwater  cliffs  seems  due  to  the  efflux  from  the  lagoon,  but  after- 

wards to  a  "  flow-tide"  current.  There  are  alterations  in  the  currents 
due  to  the  changes  of  the  Dogger  Bank,  but  these  changes  are  in  part 
due  to  the  wind  waves. 

The  Cahore  Shingle  Beach  is  about  three  miles  long,  and  is  largely 
composed  of  fragments  of  the  Greenore  and  Carnsore  rocks ;  with. 
these  there  are  others  from  the  cliffs  along  the  Blackwater  coast. 

From  Cahore  Point,  during  the  latter  part  of  the  "flow-tide,"  a 

"half  counter-tide"  runs  towards  the  S.  "W.,  which  keeps  back  the 
"  Shingle  Beach,"  and  prevents  it  from  approaching  within  half  a mile  of  the  Point. 

Opposite  Courtown  (north  of  Cahore)  is  the  "nodal"  or  "hinge 
line  "  of  the  tides  in  the  south  portion  of  the  Irish  sea,  where  the  rise 
is  least  and-  the  current  greatest.  The  on-shore  current  sweeps  the 
coast  line  from  Cahore  to  Kilmichael  Point ;  but  off  the  latter  it  is 

met  by  a  "  counter- tide, "  the  meeting  and  colliding  of  the  two  form- 
ing the  "  Kilmichael  Ptace,"  which  extends  from  the  Point  to  off  the 

north  end  of  the  Glassgorman  Bank.  The  refuse  from  the  shipping 
at  Courtown  Harbour,  such  as  bits  of  brick,  tile,  slate,  coal,  &c.,  are 

principally  stranded  along  the  beach  a  few  miles  S."W.  of  Kilmichael 

5  This  Dogger  Bank  must  not  be  confounded  with  the  bank  in  the  German. Ocean. 
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Point.  On  this  beach  Greenore  and  Carnsore  rock  fragments  are  not 
uncommon ;  but  in  the  two  small  bays  to  the  north  of  the  Point,  the 
gravel  and  shingle  is  made  up  almost  solely  of  the  local  rocks,  many  of 
the  fragments  being  more  or  less  angular.  In  connexion  with  these 
two  bays  are  interesting  phenomena  to  be  mentioned  hereafter  in  con- 

nexion with  the  wind  waves. 

Prom  Arklow  to  "Wicklow  Head  the  general  driftage  of  the  beaches is  northward ;  but  in  connexion  with  most  of  the  headlands  there  are 

*'  half  counter-tides"  for  a  few  hours  before  high  water,  especially  dur- 
ing springs.''  The  debris  from  the  shipping  at  Arklow  is  principally^ 

beached  on  the  strand  S.W.  of  Mizen  Head ;  off  Wicklow  Head 

there  are  short  "  counter- tides "  forming  two  or  more  races,  the 
principal  one  being  Bride's  Pace. North  of  Wicklow  Head  a  current  from  the  S.E.  strikes  the 

coast  line  at  Six-mile-Point,  and  there  divides,  part  going  northward, 
but  a  considerable  portion  southward,  to  form  the  counter-tide  that 
carries  the  beach  with  it  towards  Wicklow.  To  its  meeting  with  a 

current  from  the  south  is  due  the  just-mentioned  Bride's  Pace.  Irt 
connexion  with  Wicklow  Head  there  is,  before  high  water,  a  "  half 
counter- tide  "  running  east  to  Wicklow  town,  which  prevents  the 
"full"  beach  extending  south-eastward  to  the  head.  The  current 
going  north  from  Six-mile-Point  is  deflected  by  the  land  drainage 
from  The  Breaches;  and  at  the  colliding  of  these,  the  "Breaches 
Shoal"  has  accumulated.  IS^orth  of  The  Breaches  a  current  runs 
northward  to  opposite  Delgany,  where  it  is  met  by  a  "  counter-tide," 
and  in  the  dead  water  produced  at  their  junction  the  Mouldditck 
Bank  has  been  formed. 

Parther  north  a  current  from  the  south-eastward  impinges 
on  the  coast  near  Greystones,  a  part  going  south  to  form  the  just- 

mentioned  "counter-tide,"  and  the  rest  northward  to  Bray  Head,  off 
which  it  is  met  by  a  "  counter-tide,"  and  at  their  meeting  a  race  is formed. 

To  the  north  of  Bray  Head  a  current  fi-om  the  S.E.  strikes 
the  coast  line  at  the  tower  ISTo.  4,  near  the  middle  of  Killiney  Bay  : 

here  it  divides,  apart  constituting  the  "counter-tide"  that  runs  S., 
carrying  the  beach  with  it  to  Bray,  and  from  thence  running  to  Bray 
Head  to  form  the  previously-mentioned  race.  Here,  as  at  Wicklow, 
there  is  a  little  before  high  water,  a  current  running  E.  from  the 

Head  to  the  S.  end  of  the  strand,  which  prevents  the  "fuU"  beach 
extending  to  the  high  ground  of  the  hill.  Another  similarity  between 
these  two  beaches  is,  that  from  tower  No.  4  to  Bray,  and  from  Six- 
mile  Point  to  Wicklow,  the  pebbles  forming  the  beaches  gradually 

®  These  currents  seem  to  occur  at  every  rocky  headland  immediately  before 
high  water,  especially  during  springs.  They  are  of  such  short  duration  that  usually 
they  pass  unobserved — yet  they  are  important,  as  to  them  is  due  that  the  beach  is 
kept  back  from  reaching  to  the  Heads. 
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increase  in  size,  and  at  the  south,  end  of  both  strands  the  beaches  are 

principally  shingle.''  Prom  tower  '^o.  4  the  beach  in  Killiney  Bay travels  northward  with  the  current ;  but  in  the  vicinity  of  Dalkey 

Island  there  is,  a  little  before  high  water,  a  "half  counter-tide" 
south-westward. 

The  "ebb-tide"  waves  flowing  out  of  the  lagoons  and  estuaries 
deepen  the  channels  and  cut  away  the  beaches  margining  the 
narrows;  but  elsewhere  on  this  coast  line  they  do  not  affect  the 
beaches,  except  in  the  vicinity  of  Courtown,  where  the  average  rise  of 
tide  is  about  three  feet.  Even  here  the  travelling  of  the  beach,  which 

is  solely  due  to  the  ebb-tide  current,  is  very  small,  as  it  only  continues 
for  an  hour  or  so  during  spring-tides. 

II.  The  Effects  of  the  Wind  Waves. 

The  waves  of  this  class  that  act  on  this  coast  are  of  two  kinds, 

"viz.,  "  ground  swells,"  or  waves  generated  by  storms  in  the  Atlantic 
or  the  Channel,  and  the  waves  directly  due  to  the  winds  blowing  on 
the  coast.  Their  effects  are  either  to  pile  up  and  fill  the  beaches,  or 
to  cut  them  out. 

The  ordinary  wind  waves  assist  the  "flow-tide"  current  if  both 
waves  are  going  in  the  same  direction,  or  if  the  wind  waves  strike  the 
beach  at  an  acute  angle  ;  if  they  strike  the  beach  at  a  right  angle  they 

fill  it  up,  forming  "fulls"  and  "storm  beaches,"  while  if  they  are 
running  in  a  more  or  less  opposite  direction  to  the  flow-tide  they  cut 
out  the  beach.  As  an  example :  Let  the  flow-tide  current  be  from 
south  to  north  on  an  east  coast.  If  the  wind  is  blowing  from  any  point 
between  S.  and  E.,  E.S.E.  by  E.  the  wind  waves  assist  the  tidal  current ;. 
but  if  it  is  blowing  any  point  between  E.S.E  by  E.  and  E.N.E  by  E, 
strong,  the  wind  waves  will  stop  the  travelling  of  the  beach,  and  pile 

it  up,  forming  "full"  or  "  storm  beaches ;  "  while  if  the  wind  is 
coming  from  any  point  between  E.N.E.  by  E.  and  W.  a  "  cutting  out 
tide  "  is  the  result.  This  cutting  out  is  due  to  the  "  dancing  waves," 
generated  by  the  meeting  of  the  tidal  current  and  the  wind  waves, 
which  toss  and  churn  up  the  sand  and  other  detritus,  thus  causing  it 
to  be  carried  out  by  the  back-wash  into  deep  water.  A  continuous 
heavy  wind  in  the  same  direction  as  the  flow-tide  will  accelerate  the 
carriage  of  a  beach  to  such  a  degree  that  every  particle  of  sand,  gravel, 
and  shingle  may  be  carried  with  the  tide,  thus  leaving  the  up-stream 
portion  of  a  beach  empty.  These  seem  to  be  the  general  effects;  but 
near  Courtown,  where  the  difference  between  low  and  high- water  is 

''  In  a  Paper  "  On  the  Drifting  power  of  tidal  cun-ents  versus  that  of  wind 
waves"  (Proc.  Eoyal  Irish  Academy,  2nd  ser.,  vol.  ii.  p.  448),  I  have  demon- 

strated that  the  reason  why  the  larger  pebbles  occur  down  stream  on  some  beaches 
is  because  the  "back-M^ash"  carries  down  and  out  to  sea  the  small  gravel  and 
sand,  leaving  behind  it  on  the  slope  of  the  beach  the  larger  stones,  which  are  pushed 
higher  and  carried  farther  along  the  beach  by  each  successive  wave. 

R.  I.  A.  PKOC,  SER.  II.,  VOL.  III. — SCIENCE.  Q 
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only  a  few  feet,  and  when  the  "ebb-tide"  current  is  excessive, 
dnriag  heavy  storm  waves,  the  cutting  out  seems  to  continue  for  a 
little  time  into  the  ebb. 

"  Ground  swells  "  act  differently  to  the  ordinary  wind  waves,  as 
they  break  in  on  the  coast  line,  perpendicularly  or  nearly  so,  with  an 

undulating  or  rolling  motion  which  generates  a  considerable  "  suck  " 
or  back-wash.  The  wind  waves,  which  on  one  portion  of  a  coast 
line  assist  the  tidal  current  when  this  latter  is  ilowing  in  a  normal 

direction,  may,  on  another  portiou,  where  there  is  a  "counter-tide," 
act  differently.  This  is  exemplified  in  the  embayment  between  Hook 
Promontory  and  the  Saltee  Islands.  Here  a  gale  from  the  S. W.  assists 
the  tidal  current  between  the  Hook  and  the  Keragh  Islands,  and 
rapidly  carries  the  beach  to  the  ]!^.E.  ;  but  the  same  gale  striking  the 

beach  in  "  the  bite  "  on  the  north  of  Crossfarnoge  Point,  to  the  east  of 
Ballyteige  Bay,  where  it  is  perpendicular  to  the  tide  current,  forms  a 

great  "full",  while  along  the  Burrows  to  the  north  of  this  bay  it 
meets  the  counter-tide  obliquely,  and  cuts  out  the  beach.  Such  winds 
also  stop  the  seaward  driftage  of  the  shoal  at  Keragh  Islands,  thus 

causing  great  "  fulls  "  in  the  strands  at  this  part  of  the  coast  line, 
During  such  winds,  at  certain  seasons,  great  masses  of  sea- wreck  or 

drift  seaweed  are  piled  up  in  "the  bite"  to  the  north  of  Crossfar- 
noge. These  weeds  grow  principally  on  the  rocky  bottoms  adjoining 

the  Saltee  Islands,  and  during  May  and  jS^ovember,  the  seasons  for  the shedding  of  their  leaves,  the  storms  set  the  leaves  afloat,  and  the  tidal 
current  carries  them  northward  into  Ballyteige  Bay,  where  they  are 

met  and  stopped  by  the  storm  waves  and  driven  on  shore  at  "  the 
bite,"  to  be  stranded  when  the  tide  ebbs.  Under  ordinary  circumstances 
the  slope  of  the  beach  at  "the  bite"  is  less  than  10°,  and  sometimes 
only  5°,  but  after  a  twenty-four  hours'  S.AY.  gale  the  slope  often  rises 
to  over  35°.  Three  or  four  high  tides,  however,  will  reduce  it  nearly 

to  its  normal  condition;  the  "full"  being  carried  IN'.W.  along  the strand  of  the  Burrows  rapidly  filling  up  what  had  been  cut  out  by  the 

gale. Between  the  Saltees  and  Carnsore,  S.E.,  and  S.  winds  accelerate 
the  travelling  of  the  sands  to  the  Kilturk  Bank ;  but  here  they  are 

met  by  the  "  half  counter-tide,"  thus  causing  "  fulls"  in  this  locality. 
In  this  place,  at  the  proper  seasons,  there  is  also  a  great  stranding  of 
sea-wreck.  These  weeds  grow  near  the  Saltees  to  the  southward,  and 
near  Carnsore  to  the  eastward,  and  are  carried  to  this  locality  by  the 

tidal  current  from  the  S.  W.,  and  by  the  "  half  counter- tide  "  from  the 
E.  Ordinarily  the  weed  is  beached  on  the  coast  at  the  small  headland 
near  Kilturk  ;  but  if,  while  it  is  floating,  there  is  a  gale  from  the  S.  E., 
a  considerable  quantity  of  it  will  be  landed  on  the  shore  N.E.  of 
Carnsore. 

Observations  in  connexion  with  the  "  half  counter-tide  "  running 
westward  from  Carnsore  are  instructive.  In  a  gale  from  the  S.  V., 

during  the  first  four  hours  of  the  "  flow-tide,"  the  beach  travels 
rapidly  towards  Carnsore  ;  but  after  the  "  half  counter- tide  "  sets  in, 
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tlae  driftage  is  westward.  This  forms  a  "full"  {a,  Fig.  1,  PI.  5)  on 
the  slope  of  the  beach,  and  gives  the  beach  a  lower  (i)  and  an  upper 
(c)  slope,  with  a  cess,  as  the  Dutch  engineers  call  it  (a  o),  between ; 
thus  producing  a  section,  of  a  form  best  calculated  to  break  the  force 
of  the  waves  in  the  succeeding  two  hours  of  the  full  tide,  which  prevents 
the  storm  waves  from  having  full  effect  on  the  coast  line.  Ordinarily, 

however,  this  beach  is  much  cut  out,  especially  by  "  ground  swells;" 

and  when  the  shores  are  empty,  gales,  whether  from  the  S.  "W".,  S.,  or S.  E.,  have  great  effect.  Consequently,  during  the  last  forty  years, 

the  coast  line  between  Lady's  Island  Lake  and  Kilmore  has  been  con- 
siderably denuded  away,  especially  in  the  vicinity  of  St.  Patrick's 

Bridge.  These  beaches,  during  the  continuous  E.  and  N".  E.  winds  of 
the  spring  of  1876,  changed  from  their  ordinary  gravel  into  "fulls"  of 
shingle.  This  must  have  been  solely  due  to  the  "  flow-tide"  currents, as  for  months  no  wind  waves  broke  on  the  coast. 

On  the  east  coast,  between  Greenore  and  Dalkey  Island,  as  a 
general  rule  the  beaches  are  travelling  north,  and  this  is  accelerated 
by  the  south  and  south-east  winds  ;  there  are,  however,  long  stretches 

of  beach  swept  by  "  counter-tides,"  at  which  places  these  winds  gene- 
rate "  cutting-out  tides."  Although  the  most  continuous  winds  are 

those  from  the  S.  "W.  and  "W.  S.  W.,  yet  they  are  not  effective  winds, as  they  come  across  the  land ;  their  only  effects  being  those  due  to  the 

"  ground  swells  "  generated  by  them  and  the  driftage  seaward  of  the 
^olian  sands,  so  prevalent  on  the  east  coast  line  of  Ireland.  The 
winds  that  do  the  most  damage  on  this  coast  are  those  from  the  S.W. ; 
but  the  most  continuous  that  effect  the  beaches  are  those  from  points 
between  E.  and  jST.,  and  their  results  are  perhaps  the  most  interesting. 

The  points  of  interest  in  the  South  or  BaUygeary  Bay,  JN".  "W.  of Greenore,  will  have  to  be  mentioned  hereafter  when  describing  the 
harbours  and  groynes,  so  at  present  they  may  be  passed  over.  In  the 

J^orth  Bay  all  winds  seem  to  "cut  out,"  this  being  due  to  the  com- 
plication of  the  tidal  currents,  the  beaches  rarely  being  full,  except 

in  the  summer  and  autumn,  when  there  are  no  winds.  On  account  of 
the  great  cutting  out  along  this  beach,  the  marginal  cliffs  have  been 

vastly  denuded  within  the  last  forty  years.  The  "  Cahore  Shingle 
Beach,"  at  the  north  of  the  bay,  is  fullest  during  S.  and  S.  E.  gales; 
while  it  is  cut  out  by  winds  from  the  N.  E.  and  by  "  ground  swells." 

After  S.  and  S.  "W.  gales  it  is  often  smothered  up  with  fine  sand, blown  from  the  adjoining  accumulations  of  ̂ olian  drift. 

A  little  N.  "W".  of  Cahore  Point  is  Poulduff  Pier,  with  the  beaches accumulated  since  it  was  erected,  while  farther  northward  are  the 
piers  and  other  works  at  Courtown.  These  will  be  described  hereafter ; 
but  it  may  now  be  mentioned  that  between  Cahore  and  Xilmichael 
Points  the  driftage  is  nearly  altogether  northward,  and  accelerated  by 

the  S.  and  S.  E.  wind,  while  the  IS",  to  E.  winds  cut  out  the  strands. 
On  the  coast  line  S.  (Fig.  4,  PI.  6)  and  N.  (Fig.  5,  PL  6)  of  Kil- 

michael  Point  there  has  been  considerable  denudation  of  the  sandhills 

since  the  Ordnance  Survey  was  made  (forty  years) .     In  the  first  locality 

Q  2 
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over  37  acres  have  been  carried  away  by  gales  from  tbe  S.E.  Here  there 

is  an  excessively  swift  tidal  current  to  the  jN'.jS'.E.,  which,  under  ordi- 
nary circumstances,  carries  all  the  beach  with  it,  and  leaves  no  pro- 

tection between  the  sea  and  thesandhills  ;  consequently,  under  these 
circumstances  during  S.E.  gales  the  wind  waves  have  full  power  on  the 
latter,  wliich  they  then  rapidly  denude  away.  As  previously  mentioned, 

off  Eilmichael  Point,  to  the  I^.  E.,  is  a  "race,"  due  to  the  meeting 
and  colliding  of  the  just-mentioned  tidal  current  and  a  "  counter-tide  " 
coming  from  the  northward;  but  the  latter  is  affected  by  continuous 
Avinds  from  the  north  and  north-eastward,  prolonging  it  southward, 

and  forcing  the  "  counter-tide"  round  the  Point  into  the  bay  to  the 
south  thereof.  Consequently,  under  such  circumstances  these  winds, 

instead  of  cutting  out,  form  "  fulls  "  for  about  a  mile  in  the  strands  to 
the  S.  W.  of  Eilmichael  Point,  thus  preserving  the  sandhills.  The  cross 
sections  accompanying  Fig.  4(7,  PI.  6,  show  this  beach  to  true  scale. 
ISTo.  1  represents  the  beach  in  June,  1875,  when  it  was  one  continuous 

slope,  up  which  the  storm  waves  fi'om  the  S.  E.  could  rush  with  full 
force  ;  while  cross  section  Xo.  2  shows  exactly  the  same  line  after  con- 

tinuous gales  from  the  north-eastward,  which  had  accumulated  a  wide 
foreshore  that  perfectly  protected  the  sandhills  from  the  S.  E.  gales.^ 

I^orthward  of  Kilmichael  Point,  in  the  bay  at  the  mearing  of  the 
counties  Wicklow  and  Wexford,  the  denudation  of  the  sandhills  has 
also  been  considerable  within  the  last  forty  years  (Eig.  4,  PI.  6),  more 
than  20  acres  in  the  townlands  of  Cloon,  Lower  and  Upper,  having  been 

'swept  away.  Here  there  is  a  "counter-tide"  running  S.,  and  the 
wind  from  points  between  E.  and  IS",  accelerate  the  southward  travel- ling of  the  beach,  but  E.  winds  cut  it  out.  During  none  of  my  visits 

were  the  beaches  "full,"  there  being  a  gradual  slope,  up  which  the 
storm  waves  from  the  S.  E.  could  run  with  full  force,  and  impinge  on 
the  sandhills.  According  to  the  information  supplied  to  me,  the  latter 
are  only  denuded  by  S.  E.  gales,  these  being  most  effective  when  the 

strand  is  empty .^ 
Earther  northward  are  the  beaches  of  the  bays  at  Wicklow 

and  Bray  ;  it  is  here  unnecessary  to  describe  them  further  than  to 

mention  the  "  storm  beaches."  These  peculiar  ridges  are  very  rare  S. 

of  "Wicklow  Head ;  ia  fact,  on  that  portion  of  the  coast  they  are  so 

8  This  is  a  most  remarkable  place,  as,  in  recent  years,  the  sancLhills  at  one  time 
seem  to  be  foitning,  and  at  others  ■wasting  away.  Some  of  the  old  men  can  point 
out  the  extensions  of  the  sandhills  prior  to  the  Ordnance  Survey,  and  the  roads  that 
used  to  lead  to  them,  which  now  end  at  steep  cHfFs  ;  while  one  old  man,  in  June, 
187o,  pointed  out,  in  a  cliff  that  had  only  been  uncovered  the  previoiis  winter,  an 
old  quany  that  must  have  been  worked  with  iron  tools  prior  to  the  accumulation  of 
the  sandhills  that  existed  when  the  Ordnance  Survey  was  made. 

9  Although  I  visited  this  place  frequently,  I  never  had  the  satisfaction  of  find- 
ing the  beach  "full"  ;  whUe  the  information  I  received  was  unsatisfactory,  as  the 

native  said,  "everything  ti-avels  to  the  north."  Yet  I  could  prove  by  the  carriage 
of  the  rock  fi-agments,  also  by  the  experiments  made  at  my  different  -visits,  that  the 
beach  travelled  south  during  "  fiow  tide  "  ("  counter-tide  "). 
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iudistinct,  that  no  one  unacquainted  with  such  accumulations  would 
observe  them  ;  but  they  are  characteristic  of  the  S.  portion  of  the 

strands  of  "VVicklow  and  Killiney  Bays,  always  occurring  in  connexion 
with  the  "  counter-tides."  They  are  best  developed  during  directly 
on-shore  gales  from  the  E.  If  formed  during  the  rise  of  the  spring 

tides,  each  ridge  after  being  produced  is  destroyed  by  the  next  "  flow- 
tide,"  but  if  formed  during  the  fall  of  the  springs,  successive  nearly 
parallel  ridges  accumulate  (Fig.  2,  Plate  5),  which  remain  till  the  next 

spring,  when  they  are  levelled,  and  the  material  carried  southward.^" 
It  ought  to  be  specially  pointed  out,  that  the  storms  which  cut  out 

■  the  beaches  may  not  he  the  same  as  those  ichich  denude  away  the  marginal 

cliffs.  The  beaches  are  principally  "cutout"  by  "ground  swells," 
or  storm  waves,  that  come  in  an  opposite,  or  obliquely  opposite,  direc- 

tion to  the  "flow-tide"  current,  or  they  may  be  carried  forward  by 
the  sole  agency  of  the  tidal  current,  or  by  the  latter  assisted  by  wind 
waves  coming  in  a  similar  direction.  Any  of  these  causes  may  scoop 
out  or  sweep  a  strand  bare,  and  leave  it  with  little  or  no  beach ;  and, 
under  the  latter  circumstances,  the  storm  waves  act  with  full  force  on 

the  marginal  cliffs. ^^  A  small  storm  when  the  strand  is  empty  may 
do  great  damage  on  the  coast  line ;  while  a  great  storm  with  a  full 
beach  will  do  scarcely  any.  The  best  section  of  a  beach  seems  to  be 
that  similar  to  Fig.  1,  Plate  5,  having  below,  or  to  seaward,  a  slope  (h), 

above  which  is  a  flat  or  "  cess"  («,  c),  and  higher  up  a  second 
slope  (c),  which  is  succeeded  by  a  second  "  cess."  Such  beaches,  how- 

ever, seem  to  be  of  rare  occurrence,  they  usually  having  cross  sections 

similar  to  that  in  Pig.  Aa,  PI.  6,  with  a  slope  below  and  a  wido  "  cess" 
above;  but  on  the  "  cess"  in  this  case  the  waves  lose  a  great  deal  of 
their  power  before  they  reach  the  marginal  cliffs. 

Extraordinary  high  tides,  unaccompanied  with  wind,  seem  to  do 
little  or  no  damage  on  an  open  seaboard.  In  March,  1867,  there  was 
a  remarkably  high  tide  on  the  coast  of  Gal  way,  the  traces  of  which 
were  scarcely  perceptible  along  the  open  coast,  even  on  the  sandhills ; 
but  in  the  land-locked  bays  it  did  considerable  damage  to  the  piers 

1"  On  tliis  poi-tion  of  tlie  Irisli  shore,  where  there  is  a  tidal  cun-ent,  the  "  storm 
beaches ' '  only  exist  during  the  intervals  between  the  spring  tides ;  but  in  other 
places,  where  there  is  a  "rise"  and  "fall"  of  tide,  but  no  ciuTents,  the  "  storm 
beaches"  remain,  and  add  to  the  extent  of  the  land.  The  latter  is  veiy  well  seen 
in  North  Wales,  along  the  coast  line  of  Morecambe  Bay,  as  also  in  other  places. 

'1  After  very  wet  seasons  great  falls  of  the  cliffs  often  take  place  ;  but  until  the 
debris  is  denuded  away,  few  or  no  further  falls  will  take  place.  The  natives  will 

often  tell  you  that  so  many  yards  are  going  yearly,  and  in  proof  of  this  assei'tion 
will  point  to  the  waste  of  the  previous  winter,  they  supposing  that  the  same  happens 
every  year.  The  greatest  falls  occur  at  the  highest  cliffs,  on  which  account  the 
greatest  waste  is  supposed  to  be  taking  place  in  these  localities  -,  but  after  careful 
calculation  I  find  this  not  to  be  the  case.  None  of  the  high  cliffs  reach  an  average 

waste  of  -lb  ft.  per  annum,  and  generally  the  loss  is  less  than  •')  ft.,  while  in 
places  the  low  cliffs  have  been  denuded  away  as  much  as  2o  feet  per  annum.  The 
greatest  denudation  on  the  whole  line  of  coast  between  Hook  and  Dalkey  is  at  the 

low  cUff  near  St.  Patrick's  Bridge,  Kilmore. 
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and  sea  walls.  This  damage  was  not  due  to  the  direct  force  of  the 

"waves,  bnt  to  other  circumstances.  In  this  county  nearly  all  the 
piers  and  walls  have  vertical  or  nearly  vertical  faces,  and  at  the  time 
mentioned,  on  account  of  the  greater  height  of  the  water,  these  faces 
caused  waves  to  rise,  that  fell  on  and  behind  the  piers,  thus  removing 
the  coping  stones,  and  in  places  breaking  the  structures.  In  some 
places  the  sea  walls  were  similarly  injured,  while  in  others  the  water 
flowing  over  the  walls  cut  away  the  backing,  and  gradually  cut  out 
breaches  from  the  inside  to  the  outside. 

On  January  3,  1877,  there  was  on  the  east  coast  a  very  high  tide, 
which  along  the  Wicklow  coast  was  accompanied  by  very  moderate 

wind.^^  This  did  considerable  damage  to  the  Dublin  and  Wicklow 

Eailway  between  Greystones  and  "VYicklow ;  not  so  much  by  the  direct force  of  the  waves  as  by  their  height,  they  flowing  over  the  line,  and 
the  overflow  cutting  into  the  land  side  of  the  embankment,  thus  gra- 

dually eating  out  the  breaches.  In  no  place  did  a  breach  commence 

at  the  outside. ^^  This  tide  did  not  cause  a  "full"  of  the  beach,, 
although  it  pushed  the  margin  higher  and  more  inland  than  formerly. 

Between  Newcastle  and  the  Wicklow  Chemical  "Works  it  encroached,, 
in  places,  as  much  as  three  yards,  into  the  Murrough  {anglice  sea 
plain) ;  and  the  beach  after  the  tide  presented  a  gradual  slope,  having 
shingle  and  gravel  to  the  margin  of  the  old  beach  with  fine  sand  in 
the  new  portion.  Elsewhere  along  the  east  coast  of  Wicklow  and 

"Wexford  this  high  tide  did  little  damage.  It  invaded  kitchen  mid- dens and  such  like  accumulations  in  the  vicinity  of  the  towns,  and 
floated  out  vast  numbers  of  bottle  corks,  which  in  all  cases  were  car- 

ried northward  by  the  "flow"  and  stranded  along  the  margin  of  the full  tide. 

During  the  last  six  years  various  experiments  were  made  during  the 
different  stages  of  the  tide,  while  the  wind  was  blowing  in  different 

directions,  as  also  when  "ground  swells"  were  coming  in,  to  test  the 
travelling  of  the  beach,  and  also  to  discover  what  caused  the  ' '  cutting 
out"  of  the  beaches,  and  their  filling  in  with  white  quartz  pebbles 
about  the  size  of  hen  eggs.  The  effects  of  each  wave  were  noted ; 
these,  of  course,  cannot  now  be  described  in  detail ;  we  shall  give  only 
the  general  conclusions  arrived  at  in  regard  to  this  portion  of  the  east 

coast.  "We  cannot  do  the  same  for  the  coast  between  Carnsore  and 
the  Hook,  as  the  "  counter-tides"  there  cause  so  many  complications. 

^-  At  KingstoATn  Pier,  Co.  Dublin,  the  wind  was  from  the  east  at  8  a.m.,  with 
a  force  of  7,  and  veered  to  the  S.  S.  E.  bj'  6  p.  m.,  gradually  falling  to  a  force 
of   -3. 

13  This  nearly  always  is  the  cause  of  bi'eaches  in  the  steep-faced  embankments 
so  general  in  Ireland  to  protect  the  different  intakes  ;  they  all  fail  from  the  water 
topping  them  and  breaching  them  behind. 
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Summary  of  the  General  Effects  of  Tides  and  Winds  on  the  East  Coast 
letxoeen  Carnsore  and  JDalhey. 

"W.  and  S.W.  Winds 
generate  ''  ground  swells."    In  places  they  drift  the  sand  from 
the  land  out  to  sea,  and  on  to  the  beaches. 

S.  Winds 

in  places  cause  "fulls"  at  the  northern  extremities  of  the 
strands,  due  partly  to  the  banking  up  of  the  beach,  and  partly 

to  the  land  driftage  of  sand.  They  often  generate  "ground 

swells." S.E.  Winds 

carry  away  the  southern  end  of  the  beaches,  to  fill  them  in  at 
the  northern.  At  Poulduff  (Cahore),  two  strong  twelve-hour 

gales  are  said  to  be  sufficient  to  cut  out  the  "fulls"  south  and 
north  of  the  pier. 

E.S.E.  by  E.  to  E.N.E.  by  E, 
generally  heap  up  the  beaches.  In  places,  however,  on  account 
of  coming  obliquely  to  the  flow-tide  current,  they  in  part  cut 
them  out,  forming  transverse  ridges  on  the  beach,  Eig.  4,  PI.  5, 
The  first  drives  up  sand,  gravel,  and  stones,  and  strands  them  ; 
while  the  second  "  licks"  them  out.  To  form  this  class  of  beacli 
the  wind  waves  are  not  as  effective  as  the  tidal  currents,  and  the 
materials  are  more  stranded  than  removed ;  so  that  while  the 
wind  lasts  the  strand  fills. 

N.E.  Winds 

cut  out  the  northern  portions  of  the  strands,  while  they  often 
"fill"  the  beach  to  the  southward.  The  most  remarkable 

"fulls"  due  to  these  winds  are  the  previously -mentioned 
"fulls"  to  the  S.W.  of  Kilmichael  Point,  the  "fulls"  in  the 
strand  near  Wicklow,  and  in  the  strand  near  Bray.  In  the  first 
locality,  after  the  continuous  winds  from  the  north-eastward 
during  the  spring  of  1876,  a  foreshore  formed,  in  places  over 
200  yards  wide,  at  the  base  of  a  cliff,  where,  during  the  previ- 

ous winter,  there  was  deep  water. 
N.  Winds. 

'^0  direct  influence  of  these  winds  was  observed,  except  that 
they  seemed  to  retard  the  flow  of  the  tide  up  the  Irish  Sea. 

Ground  swells, 

with  the  "flow-tide,"  usually  "cut  out."  They  sometimes 
form  transversely-ridged  beaches  similar  to  those  due  to  E. 
winds  (Pig.  4,  PI.  5) ;  but  in  such  cases  the  cutting  out  is  gene- 

rally in  excess. 

At  the  beginning  of  the  "ebb-tide,"  sometimes  "cut  out," 
especially  near  Courtown. 
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Ground  swells — continued. 

With  E.  winds,  sometimes  seem  to  assist  in  filling  the  beaches, 

but  with  N.E.  winds  they  "  cut  out." 
With  the  "counter-tides,"  "cut  out"  the  beaches. 
With  the  "half  counter-tides,"  sometimes  "  fill  in "  the beaches. 

The  cutting  out  due  to  "ground  swells"  and  contrary  winds  is 
different  from  that  due  to  the  S.E.  winds  ;  as  the  latter  carry  the 
beach  forward,  while  the  other  suck  out  the  beach  into  deep  water. 

"Ground  swells"  due  to  S.  winds  break  on  the  shore  line  nearly  as 
quickly  as  ordinary  wind  waves ;  but  the  waves  of  the  other  "  ground 
swells "  have  intervals  of  one,  two,  five,  or  more  minutes  between 
them ;  the  latter  are  much  larger  than  the  wind  or  tidal  waves,  which 
may  be  breaking  at  the  same  time,  rise  much  higher  on  the  beach,  and 
often  at  one  sweep  carry  away  a  mass  of  material  that  it  has  taken 
a  number  of  the  small  waves  to  pile  up.  Some  of  the  big  waves,  or 

"rollers,"  that  visit  the  coast  on  rare  occasions,  are  due  to  earth- 
quakes. 

III.  The  Carriage  of  large  Stones  in  Beep  Water. 

On  the  coast  of  Gahvay,  in  many  of  the  small  bays  or  strands,  are 
beaches  composed  of  very  large,  roundish  shingle,  many  of  the  blocks 
weighing  two  or  three  cwt.  and  a  few  over  a  quarter  of  a  ton.  These 
beaches  were  found  to  be  fuller  after  storms  than  at  other  times ; 
many  of  the  blocks  were  derived  from  rocks  situated  more  or  less  to 
the  southward  of  the  beaches,  and  those  blocks,  in  order  to  reach  the 

positions  in  which  they  were,  must  have  travelled  through  water  fif- 
teen or  more  fathoms  deep.  As,  after  storms,  laminaria  and  other  deep- 

water  seaweeds  were  observed  to  be  attached  to  the  blocks  most  re- 
cently brought  in,  a  series  of  observations  were  made  during  the  calms. 

It  was  ascertained  that,  in  places  both  in  the  bays  and  in  the  open  sea, 
in  water  from  twenty  fathoms  deep  to  low  water  of  spring  tides, 
there  are  variously- sized  blocks  scattered  about  irregularly  on  sandy 
bottoms ;  and  on  these  seaweeds  grow  rapidly,  some  having  leaves 
whose  measured  lengths  were  over  twenty  feet.  It  was  also  found  that, 
when  the  leaves  were  full  grown,  the  weeds  made  the  stones  buoyant ; 

in  some  cases  so  much  so  that  they  were,  during  each  "  flow-tide," 
drifted  from  their  places  towards  the  shore.  By  other  observations  it 
was  found  that  places  which  had  been  dotted  over  with  stones,  with 
sea  weeds  attached,  were  after  storms  free  from  them.  This  was 
ascertained  by  marking  favourable  spots  on  the  chart,  and  visiting 
them  as  soon  as  possible,  during  low  water,  after  a  storm.  Some  of 
these  stations  were  four  miles  from  the  coast  line. 

Mr.  J.  Chaloner  Smith,  M.  Inst.  C.E.,  pointed  out  to  me  a  .sandy 
strand,  below  the  south  end  of  the  Bray  shingle  beach,  which  was 
supposed  to  be  always  free  from  blocks.  Circumstances  prevented  me 
from  making  observations  here,  therefore  I  turned  my  attention  to 
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••a  similarly  circumstancecl  sandy  strand  at  the  west  end  of  the  Tacum- 
shin  ̂ olian  sand  ridges  (Chart  sheet,  xi"v.),  which  was  visited  during 
low  water  on  April  4,  1876,  after  a  heavy  gale  from  the  S.W.  Sec- 

tion (Plate  5,  Pig.  3)  represents  the  form  of  the  beach.  Below,  at  the 
line  of  low  water,  there  was  nearly  level,  undisturbed  fine  sand ;  next 
above  this  was  a  slope  of  shingle,  mixed  with  gravel  and  sand.  At 
A  and  B,  above  and  below  the  shingle  slope,  were  lines  of  blocks 
with  deep-seaweeds  attached  to  them,  and  a  few  similar  blocks  were 
scattered  over  the  slope,  while  they  were  very  numerous  on  the 
nearly  flat  undisturbed  sand,  between  B  and  C.  As  the  tide  rose, 
the  blocks  to  which  seaweed  was  attached  began  to  travel  landwards, 

although  there  was  no  wind,  and  only  slight  waves,  due  to  a  "  ground 
swell."  When  visited  twenty-four  hours  afterwards,  not  a  block 
remained  on  the  fine  sand,  and  only  a  few  on  the  shingle  slope, 
they  having  been  collected  into  horizontal  lines  at  A  and  B.  Subse- 

quently this  beach,  as  also  others  similarly  circumstanced,  were  visited 
after  storms,  and  in  all  cases  the  results  were  the  same ;  as  the  large 
stones  attached  to  deep- seaweeds  were  brought  in,  and  in  one  or  two 
tides  sorted  and  arranged  in  lines,  below  and  above  the  slope  of  the 
beach. 

"When  discussing  this  subject  with  Mr.  Thos.  Winder,  M..  Inst. 
'C.E.,  he  mentioned  that  after  he  had  ran  out  the  Dover  Breakwater 
into  ten  fathoms  water,  "pebbles,  during  storms,  were  carried  round  it, 
foundations  opened  were  filled  with  sand  and  gravel,  the  pebbles  usu- 

ally not  being  larger  than  nuts,  but  sometimes  as  large  as  hen  eggs ; 
while  rounded  chalk  fiints,  from  the  Shakespeare  Cliff,  were  carried  to 

the  end  of  the  breakwater";  also  that  a  piece  of  iron  plant,  about  1"5 
feet  by  2  feet,  and  1-5  inches  thick,  was,  during  a  gale,  blown  off  the 
stage,  and  carried  about  twenty  feet  to  leeward,  or  about  thirty  feet 

from  the  end  of  the  work,  in  water  about  ten  fathoms  deep.  "  I  traced 
the  track  of  it  through  the  small  thread-like  seaweed,  and  my  conclu- 

sions, as  I  stood  on  the  sea-bed,  were  that  the  sea  undoubtedly  moves 
things  which  may  fall  upon,  and  stand  above,  the  general  sea-bed  in 
•depths  of  ten  fathoms ;  although  it  does  not  move  the  fine  and  tender 
growth  which  my  feet  trod  into  the  surface,  and  my  hands  easily 

pulled  out  of  it." 
During  storms  large  stones,  with  deep-seaweed  attached,  are  car- 

ried up  on  to  St.  Patrick's  Bridge,  near  Kilmore,  county  Wexford, 
as  also  on  to  the  tidal  portion  of  the  Long  Bank  off  Ballygeary  Bay. 
At  the  Kish  Bank,  off  Dublin  Bay,  an  attempt  was  made  to  erect  a 
lighthouse  on  screw  piles ;  but  it  was  given  up,  as  the  flanges  of  the 
piles  were  broken  by  large  blocks  in  the  accumulation  of  sand.  Such 

blocks  were  probably  carried  by  seaweed  to  this  shoal,  as  the  shifting- 
nature  of  which  shows  that  it  is  the  result  of  the  action  of  the  present 
sea,  and  not  a  submerged  hill  of  boulder  drift. 

From  the  foregoing  observations  it  would  appear  that  large  blocks 
can  be  drifted  in  considerable  depths  of  water :  not  by  the  simple  im- 

pulse of  the  currents  or  storm  waves,  applied  directly  to  them,  but  by 
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that  action,  combined  with,  the  buoyancy  given  to  the  stones  by  the 
growth  of  the  seaAveed  on  them.  Tidal  currents  of  great  depth,  if 
there  is  sufficient  weed  attached  to  a  stone,  woukl,  although  slowly, 
yet  gradually  carry  it  into  water  of  a  sufficient  depth  to  be  influenced 
by  storm  waves,  after  which  the  driftage  would  be  accelerated.  In 
some  cases  I  have  observed  that  the  buoyancy  of  the  weeds  attached 
was  superior  to  the  weight  of  small  stones,  and  that  the  latter,  when 
lifted  from  their  sand  bed,  were  at  the  mercy  of  the  currents.  Thus 
any  stone,  no  matter  what  its  size,  if  the  buoyancy  of  the  weeds  at- 

tached exceeded  its  weight,  may  be  drifted  by  a  tidal  current  in  any 
direction,  no  matter  what  depth  the  water  between  the  place  from 
which  it  first  started  to  that  at  which  it  was  finally  stranded.  In  con- 

nexion with  the  growth  of  seaweed,  it  may  be  mentioned  that  at  the 
Ballygeary  pier,  during  the  time  the  works  were  discontinued  in  1877 
till  the  resumption  of  operations  in  1878,  the  divers  found  the  foun- 

dations (consisting  of  bags  of  concrete),  laid  down  the  previous  year, 

"  overgrown  by  a  thick  forest  of  seaweed  over  eight  feet  in  height." 

IV. — The  Effects  of  the  Travelling  of  the  Beaclies  on  the  Sarhours  and 
Piers  letween  Hooh  Point  and  Dalhey  Island. 

The  principal  piers  and  harbours  on  the  coast  line  between  Hook 
Point  and  Dalkey  Island  are  those  at  Kilmore,  Ballygeary,  Wexford, 
Pouldufi  (Cahore),  Courtown,  Arklow,  Wicklow,  Greystones,  and  Bray. 

All  of  these,  except  those  at  Wicklow  and  Greystones,  are  unsatisfactory" 
on  account  of  the  driftage  of  the  beaches,  in  addition  to  which  there  is 
at  Courtown  and  Arklow  the  land  sand  driftage.  The  present  state 
of  these  different  harbours  and  piers  seems  due  to  there  having  been 
no  allowance  made  for  the  travelling  and  the  stoppage  thereat  of  the 
beaches  under  the  influence  of  the  tidal  currents  and  wind  waves. 

Their  condition  suggests  that  in  all  such  constructions,  if  it  is  possible 
to  avoid  it,  no  impediments  should  be  placed  in  the  line  in  which  the 
beach  naturally  travels  ;  also  that  the  piers  ought  to  be  perpendicular 

to  the  coast  line,  and  not  curved ;  as  those  of  the  first  class  act  similar^ 
to  the  headlands,  and  generate  a  "half  counter-tide"  a  few  hours  be- 

fore high  water,  which  keeps  sand  from  accumulating  alongside  them. 
KiLJiOEE  Quay. — This  is  situated  on  the  South  Wexford  coast, 

about  half  way  between  St.  Patrick's  Bridge  and  Crossfarnoge  Point 
(Fig.  1,  PI.  6).  The  harbour  is  sheltered  by  the  pier  from  the  W.  and 
S.  W.  winds,  but  it  is  open  to  S.  E.  and  E.  winds,  and  when  these 

blow  strongly  the  fishing  boats  have  to  be  drawn  into  the  "  old  boat 
harbour."  The  "flow-tide"  di'iftage  goes  N.  E.  from  the  Saltees  to 
the  St.  Patrick's  Bridge,  and  from  thence  westward  to  Crossfarnoge; 
and,  being  stopped  by  the  pier,  it  is  rapidly  silting  up  the  harbour.  The 
driftage  of  the  beaches  and  the  direction  of  the  more  prevalent  and 
destructive  winds  being  as  described  above,  it  would  appear  that  the 
most  advantageous  situation  for  the  quay  would  have  been  on  St. 

Patrick's  Bridge  ;  while  to  protect  the  harbour  from  the  S.  and  S.  W. 
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■vvincls  a  breakwater  could  have  been  erected  in  the  strait  between 
Crossfarnoge  and  the  North  Saltee.  Such  structures  would  have  con- 

stituted a  harbour  protected  from  all  bad  winds,  and  at  the  same  time 
would  not  have  presented  any  obstacles  to  the  free  driftage  past  of 
the  sands  and  beaches. 

Baxltgeahy  Ship  Pier. — This  is  now  in  course  of  erection.  It  is 
to  consist  of  a  pier  in  deep  water,  which  is  to  be  connected  with  the 
land  by  a  viaduct.  The  shipping  will  have  harbourage  on  the  east 
side  of  the  pier,  while  the  beach  can  drift  past  under  the  viaduct  and 
thence  westward  along  the  shore  line.  When  it  was  commenced,  a 
short  land  pier  was  run  out  to  low  water  of  spring  tide,  from  which 
the  viaduct  should  start :  this  land  pier,  however,  acted  as  a  groyne, 
and  the  small  embayment  to  the  east  rapidly  filled  up.  To  this 
we  will  return  hereafter  in  connexion  with  the  description  of 
groynes. 

"Wexford  Harbotje. — The  shifting  sands  at  the  entrance  into  Wex- 
ford Harbour  have  been,  from  time  immemorial,  a  source  of  annoy- 
ance and  expense  to  the  inhabitants  of  the  town ;  but  as  that  eminent 

engineer  Sir  John  Coade,  M.  Inst.  C.  E.,  has  lately  reported  on  them, 
it  would  be  presumptuous  in  me  to  make  any  remarks  or  suggestions 
about  them. 

PotTLDTjFE  Quay  (Cahore). — This  was  built  for  the  convenience  of 
the  boats  during  the  herring  fishing,  and  for  landing  the  cargoes  of 
vessels  during  calm  weather.  It  is  a  pier  running  out  at  right  angles 
to  the  beach,  and  having  in  the  centre  of  it  a  culvert  to  carry  off  the 
drainage  from  the  Cahore  flats ;  while  at  a  little  distance  from  the 
end  of  the  pier,  and  connected  to  it  by  a  wooden  bridge,  is  a  short  break- 

water (Fig.  2,  PI.  6).  This  has  been  a  complete  failure  in  every  way, 

as  north  and  south  of  the  pier  great  "  fulls  "  have  collected,  which  not 
only  prevent  boats  approaching  the  pier,  but  also  have  stopped  the 
mouth  of  the  culvert.  As  previously  mentioned,  the  driftage  south 
of  Cahore  Point  moves  northward,  and  after  it  passes  the  point  it 
turns  westward  into  the  Poulduff  beach,  where  it  is  stopped  by  the 

pier.  IN".  E.  winds  cut  the  "  full  "  to  the  north  of  the  pier,  but  they 
are  prevented  from  acting  on  the  south  "full"  by  that  structure  ; 
and  as  long  as  the  south  ''full"  remains,  the  pier  continues  banked 
up  ;  for  as  fast  as  the  north  "  full  "  is  cut  out  it  is  replenished  from 
the  south  one.  This  pier  is  never  clear,  except  after  a  storm  from 

the  S.  E.,  which  has  caused  both  the  south  and  north  "  fulls  "  to  travel 
rapidly  northward. 

When  the  conditions  of  this  locality  are  considered,  it  would 
appear  that  when  the  pier  was  first  contemplated  the  site  chosen  for 
it  ought  to  have  been  near  Cahore  Point.  If  it  had  been  erected  there 
it  would  not  have  interfered  with  the  present  driftage,  while  it 
would  have  given  shelter  to  the  boats  from  the  S.  and  S.E.  winds. 
Under  present  circumstances,  the  pier  might  be  greatly  improved  by 

securing  and  making  permanent  the  south  "full."     This  could  be 
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effected  by  piling,  or  a  concrete  wall  along  its  margin.^*  If  this  were 
done,  the  north  "full"  ought  soon  to  be  carried  away  by  the  tidal 
driftage  and  the  cutting  out  of  the  J!^.  E.  winds. 

CoTJETOWN  Harbour. — This  has  not  been  a  sixccessful  undertaking. 
The  work  consists  of  two  parallel  piers  leading  to  a  small  basin,  into 
which  the  Owenavorragh  has  been  conducted  by  a  canal  cut  from 
Courtown  House  (Fig.  3,  PI.  6).  Within  and  near  the  mouth  of  the 
harbour  a  bar  accumulates,  over  which  it  is  both  difficult  and  dan- 

gerous to  haul  the  boats  except  in  calm  weather. 
None  of  the  conditions  of  the  locality  seem  to  have  been  considered 

in  laying  out  this  harbour.  As  at  Poulduff,  so  here  also,  the  most  ad- 
vantageous site  would  have  been  near  the  point  (Breanoge  Head) ; 

besides,  the  two  piers  should  not  have  been  of  equal  length  :  it  is  in  con- 
sequence of  their  being  so  that  the  nearly  impassable  bar  is  formed. 

The  driftage  and  cutting  out  of  the  beach  is  similar  to  that  at  Poul- 

duff, but  the  jS".  E.  winds  have  little  or  no  power  between  the  piers 
to  cut  out  the  bar.'^ 

There  seem  to  be  facilities  for  constructing,  even  under  present 
circumstances,  a  good  harbour  in  this  locality  for  a  coasting  trade. 
But  to  do  this  the  south  "  full"  would  have  to  be  secured  and  made 
permanent  by  a  retaining  wall  from  Breanoge  Head  to  the  south  pier  : 
the  latter  should  be  lengthened  into  deep  water  by  a  stage  similar  to, 
but  higher  than,  that  which  is  now  in  ruins ;  while  the  north  pier 
ought  to  be  cut  away,  and  the  land  driftage  from  the  sandhill  to  the 
north  prevented  by  a  wall  or  trees.  The  retaining  wall  from  Breanoge 
Head  would  prevent  detritus  accumulating  on  the  south  of  the  piers, 

to  be  carried  by  every  "  flow-tide"  into  the  harbour  mouth.  A  stage 
instead  of  a  solid  pier  would  not  interfere  with  the  driftage,  while  the 

cutting  away  of  the  north  pier  would  give  the  jS^.  E.  winds  full  power of  cutting  out  any  bar  that  might  accumulate. 
Arklow  Harbour  is  circumstanced  somewhat  similarly  to  Courtown 

Harbour.     I  hope  to  describe  it  fully  elsewhere. 
WiCKLOw  AJfD  Gketstones  Harbotjrs. — At  these  localities  the  obser- 

vations made  were  not  sufficient  to  be  of  much  value.  At  Wicklow 

the  shingle  beach  does  not  travel  far  enough  south  to  block  the 

entrance.  This  seems  to  be  due  to  the  "half  counter-tide"  previously 
mentioned,  which  a  few  hours  before  high  water  runs  from  Bride's 
Head  westward.  It  might  have  been  expected,  that  as  the  head 
waters  of  the  Vartry,  which  river  here  flows  into  the  sea,  were  cut 
off  some  years  ago  to  supply  Dublin  with  water,  some  alteration 
would  have  since  taken  place  in  the  condition  of  the  bar  at  Wicklow 

^*  Piling  fails  on  this  coast  on  account  of  tlie  worm ;  it  is  therefore  not  to  be recommended. 

^*  Some  years  ago  the  end  of  the  north  pier  was  carried  aM^ay  by  a  storm,  and 
while  it  was  in  ruins  the  bar  diminished,  but  since  the  pier  was  repaii'ed  the  bar 
-has  been  as  bad  as  ever. 
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Harbour.     Yet,  as  I  have  been  informed,  the  river  bar  has  not  per- 
ceptibly changed  since  that  time. 

Bray  Harbour  has  met  with  various  disasters,  which  I  havo 
described  in  a  Paper  read  before  the  Institute  of  Civil  Engineers, 
Ireland. 

Y.  The  Groynes  on  the  Coast  Line  between  Hooh  and  DaTkey. 

On  no  coast  line  are  groynes  so  necessary  as  in  that  now  under 

consideration,  especially  in  parts  of  "Wexford  and  Dublin  where  valu- able land  is  yearly  disappearing ;  yet  they  have  been  erected  only  in 
isolated  spots. 

Near  Tacumshin  Lake,  on  the  south  coast  of  Wexford,  two  small 
systems  of  groynes  were  made,  to  stop  the  inroads  of  the  sea.  These 
consist  of  a  lateral  barrier,  from  which  short  groynes  extend  to  a  little 
below  high  water-mark.  These  were  most  effective  ;  the  lateral  bar- 

rier and  the  upper  portions  of  the  groynes  stopping  the  land  driftage 
of  the  -Slolian  sand,  while  the  lower  portion  of  the  groynes  pounded 
up  the  shingle  beach :  permanent  ramparts  are  the  result. 

The  landward  portion  of  the  Ballygeary  Pier,  although  not  in- 

tended as  a  groyne,  has  acted  as  such,  and  is  an  accidental  proof  of' 
what  great  benefit  would  be  derived  from  the  construction  of  groynes 
on  this  coast  line.  In  1873,  and  previous  years  before  the  pier  was 

commenced,  "fulls"  were  formed  on  the  beach  line  between  Greenore 
and  Eosslare  Coastguard  Station  after  continuous  E.  and  IST.  E.  winds  ; 

while  at  other  times  the  "flow-tide"  current  sweeps  the  rocks  clean 
at  the  base  of  the  marl  cliffs,  thus  leaving  the  latter  open  to  the 

full  force  of  the  storm  waves.  In  the  spring  of  1875,  "fulls"  accu- 

mulated between  Greenore  and  the  new  pier  during  the  E.  and  JS^.  E. 
winds ;  and  since  then  these  have  not  been  cut  out,  but,  on  the  con- 

trary, are  gradually  increasing.  The  small  embayment  to  the  east  of 

the  pier  has  been  quite  filled  up,  and  now  "  sand-dunes"  are  gradually 
growing  on  it ;  while  farther  S.  E.  the  rock  section  is  almost  con- 

cealed, and  the  denudation  of  the  marginal  marl  cliff  is  gradually 
ceasing.  This  pier,  or  groyne,  seems  also  to  have  had  a  beneficial 
effect  on  the  marl  cliffs  to  the  westward  of  it.  Eor,  although  the 

strands  at  the  base  of  those  cliffs  appear  very  little  fuller  than  for- 
merly, yet  their  denudation  seems  to  be  gradually  decreasing. 

Here  we  may  also  mention  other  accidentally-formed  groynes  in 
the  same  neighbourhood.  Formerly  the  aha  marina  was  in  great 
request,  and  the  weed  was  carefully  gathered.  About  the  year  1876 
the  trade  fell  off,  and  the  ungathered  weed  was  carried  by  the  tide 
and  lodged  in  masses  along  the  east  end  of  the  embankment  of  the 
North  intake  in  Wexford  Harbour.  Previously  to  this  the  sea  was- 
cutting  out  and  endangering  the  stability  of  the  embankment,  but  the 
mass  of  seaweed  formed  a  groyne  against  which  masses  of  sand 
have  since  accumulated.  In  the  winter  of  1872-3  numerous  large 
balks  of  drift  timber  were  stranded  on  the  Wexford  coast.     One  of 
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these,  a  little  south,  of  the  Blackwater,  was  floated  in,  during  a  spring 
tide,  against  the  cliff,  where  it  was  fastened  by  a  chain  and  left  for 
over  six  months.  During  the  time  it  was  allowed  to  remain  the 
land  driftage  collected  against  it  a  mass  of  .^JEolian  sand,  which  has 
since  become  permanent,  and  has  stopped  the  denudation  of  the  cliff- 
line.  Slips  of  the  cliffs  also  form  groynes,  but  only  temporarily,  as 
they  are  gradually  cut  away  by  the  sea.  Poulduff,  Courtown,  and 
Arklow  piers  have  also  acted  as  groynes,  and  to  the  southward  of 
each  of  these  are  now  considerable  permanent  accumulations. 

On  the  coast  of  Wicklow,  between  the  Kilcoole  railway  station 
and  The  Breaches,  very  effective  groynes  were  constructed.  These 

were  erected  under  peculiar  circumstances.  The  ''flow-tide  "  current 
was  rapidly  cutting  away  the  beach  and  endangering  the  railway ; 
while  the  Company  were  restricted  from  making  any  works  outside 
their  boundary,  a  width  of  less  than  six  yards,  and  any  groynes 
placed  inside  such  limits  would  extend  only  a  short  distance  below 
high  water-mark.  They  were,  however,  erected,  the  principal  ones 
being  over  six  feet  high  ;  and,  although  the  circumstances  seemed  to 
be  unfavourable,  they  filled  rapidly,  and  formed  a  rampart  that  has 
stopped  the  encroachment  of  the  sea. 

At  the  north  end  of  the  Esplanade  at  Bray  there  is  a  system  of 
groynes ;  but  various  circumstances  have  combined  to  make  them 
ineffective.  Their  site  was  only  a  short  distance  south  of  the  channel 
out  of  Bray  Harbour ;  and  the  water  from  the  river  and  estuary  cut 
off  the  southward  driftage  of  the  beach  to  them,  carrying  it  seaward, 
while  the  detritus  that  was  beached  on  the  south  of  the  harbour 

channel  was  immediately  carted  away ;  thus  much  of  the  materials 
that  should  have  filled  the  groyn-es  never  reached  them.  In  addition 
to  this,  the  groynes  do  not  seem  to  have  been  judiciously  planned  or 
erected.  They  were  constructed  of  round  timber,  driven  down  verti- 

cally ;  and  in  no  place  in  Ireland  have  I  found  that  round  timber, 
driven  down  vertically,  forms  effective  groynes.  Furthermore,  mid- 

way between  the  groynes  extending  from  the  coast-line,  other  short 
ones  were  placed,  a  little  above  low  water-mark,  and  these  generated 
currents  which  licked  out  all  the  shingle  from  between  the  land- 
groynes.  The  boundary  pilings  at  the  new  baths  on  Bray  Esplanade 
have  acted  as  groynes,  and  have  collected  a  considerable  mass  of 
shingle  alongside  of  them. 
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TXXTY. — Eeseaeches  on  the  Paealeax  oe  61  (A)  Cygjji,  made  at 
Dtjnsink.  By  Robert  S.  Ball,  LL.  D.,  F.  E,.  S.,  Andrews  Pro- 

fessor of  Astronomy  in  the  University  of  Dublin,  and  Eoyal 
Astronomer  of  Ireland. 

[Eead  November  30,  1878.] 

On  tte  22nd  of  August,  1868,  my  predecessor.  Dr.  Briinnow,  com- 
menced a  series  of  observations  with  the  South  Equatorial,  at  Dunsink 

Observatory,  with  the  view  of  making  a  new  determination  of  the 
annual  parallax  of  61  Cygni.  The  method  he  adopted  was  to  observe 
the  diiference  of  declination  between  the  following  star  (B)  of  61  Cygni 

and  a  star  of  the  9-10  magnitude,  which  in  1868  followed  in  51*5  sees. 
at  a  distance  of  104"  to  the  north.  These  observations  were  repeated 
occasionally  by  Dr.  Briinnow,  and  the  last  was  made  on  the  24th 
of  May,  1873.  There  are  altogether  twenty  determinations  of  the 
difference  of  declination  between  the  two  dates  I  have  mentioned. 

After  I  had  had  some  practice  in  the  use  of  the  South  Equatorial, 
I  recommenced  the  series  of  observations  on  the  differences  of  decli- 

nation between  61  Cygni  and  the  following  star,  which  Dr.  Briinnow 
employed.  But  there  is  an  important  difference  between  my  series 
of  observations,  as  here  recorded,  and  those  made  by  Dr.  Briinnow,  to 
which  I  have  already  referred.  In  the  latter  case  the  folJoiving  com- 

ponent (B)  of  61  Cygni  was  used,  while  in  my  observations  it  is  the 
difference  in  declination  between  the  'preceding  component  (A)  and  the 
small  star  following  which  has  been  observed.  It  will  naturally  be 
asked  why  I  did  not  lase  the  same  component  as  Dr.  Briinnow  had 

done,  and  thus  render  the  two  sets  of  observations  capable  of  being- 
incorporated  together.  I  confess  that  in  the  first  instance  this  was 
due  to  an  inadvertence  on  my  part.  I  was  at  first  under  the  impres- 

sion that  Dr.  Briinnow  had  used  the  preceding  star  (A)  of  61  Cygni, 
and  under  this  impression  I  commenced  my  work  by  measuring  the 
difference  of  declination  between  (A)  and  the  small  star  following. 
It  was  not  until  I  had  made  a  large  number  of  observations  that  I 
became  aware  the  component  I  was  using  was  not  the  same  as  that 
which  Dr.  Briinnow  employed ;  and  when  this  discovery  was  made, 
the  question  arose  as  to  the  best  course  to  be  adopted.  I  felt  re- 

luctant to  discard  the  work  I  had  already  done,  and  recommence  anew 
with  the  other  component,  and  therefore  I  resolved  to  complete  the 
series  of  measurements  which  I  had  commenced,  and  thus,  in  the  first 
instance,  to  seek  for  a  determination  of  the  annual  parallax  from  my 
own  observations  alone.  At  the  same  time,  I  decided  to  commence  as 
soon  as  possible  another  series  of  observations  which  would  be  strictly 

in  continuation  with  Dr.  Briinnow's  work.  At  the  present  date  these 
observations  have  made  considerable  progress,  but  their  reduction  or 
discussion  has  not  yet  been  commenced.     It  will  therefore  be  under- 
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stood  that  in  the  present  Paper  these  ohservations  are  not  referred  to^, 
and  that  the  Yakie  of  the  parallax  now  presented  has  been  solely 
founded  on  the  observations  of  the  difference  of  declination  between 
(A)  and  the  small  star  following. 

In  adopting  this  course,  I  was  also  influenced  by  some  other  con- 
siderations. In  the  researches  of  Strure  on  the  annual  parallax  of 

61  Cygni,  he  employed  the  star  (B),  as  Dr.  Briinnow  had  done.  It 
however  appeared  to  me  that  on  this  very  account  a  determination  of 
the  parallax  in  which  the  preceding  star  was  used  would  be,  if  suc- 

cessful, of  very  considerable  interest.  As  this  was  the  first  work  of 
the  kind  in  which  I  had  engaged,  I  was  glad  to  have  an  opportunity 
of  the  practice  which  it  afforded,  before  I  commenced  a  series  of 
measures  which  were  to  be  amalgamated  with  those  obtained  by  the 
mature  skiR  of  my  predecessor. 

I  have  to  regret  that,  owing  principally  to  the  exceedingly  bad 
weather  which  prevailed  here  during  the  winter  of  1877-8,  the  num- 

ber of  observations  is  not  so  large  as  I  would  have  wished.  The  ob- 
servations yield  thirty-six  equations  of  condition  for  the  determination 

of  the  four  unknown  quantities  on  which  the  apparent  difference  of 
declination  depend.  These  equations  contain  the  results  of  observa- 

tions made  on  thirty-five  different  nights,  which  are  only  tolerably 
"well  distributed  over  the  twelve  months  during  which  the  observations 
extend.  The  method  of  observing  which  I  have  used  is  almost  iden- 

tical with  that  employed  by  Dr.  Briinnow  in  his  researches  on  the  paral- 
lax of  61  Draconis  {Ohservatiojis  and  Researches  at  Dunsink,  Parts  I. 

and  II.).  A  complete  observation  of  the  difference  of  declination  is 
the  mean  of  eight  independent  determinations. 

The  observations  were  reduced  by  employing  the  values  of  the 
micrometer  screws  and  the  thermometric  coefficients  determined  by 
Dr.  Briinnow  (Part  I.,  p.  8).  The  results  were  then  cleared  from 
refraction  by  the  application  of  the  correction 

+  TiD  cosec^  (8  +  m), 

where  D  is  the  apparent  difference  of  declination,  S  is  the  declina- 
tion of  61  Cygni,  and  m  is  the  function  of  the  hour  angle  defined  in 

Bessel's  Table,  Astr.  Tint.  Bd.  1,  p.  190,  and  computed  here  for  the- 
latitude  of  Dunsink  (53°  23'  13"). To  clear  the  observed  difference  of  declination  from  the  effects  of 

precession,  aberration,  and  nutation,  and  reduce  the  result  to  the 

date  1878-0,  the  following  correction  is  applied: — ■ 

-}-  0"-05266  (1878  -  t) 

+  [6-3089]  i 

-  [6-4137]  h  cos  {E:+  a) 

+  [7-5735]^  sin  (G^  + a) 

+  [7-3643]  A  sin  (^+ a). 
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i,  h,  g,  H,  G,  are  the  well-known  constants  in  the  Nautical  Alma- 
nac ;  t  is  the  year  in  which  the  observation  was  made ;  a  is  the  right 

ascension  of  61  Cygni. 
In  order  to  free  the  observations  from  the  grosser  part  of  the 

effects  of  the  large  proper  motion  of  61  Cygni,  I  have  assumed  that 
the  small  comparison  star  is  at  rest,  and  that  the  preceding  star  A  has 
the  annual  proper  motion  assigned  to  it  by  Argelander,  viz. : 

+  3"-232. 

"When  these  various  corrections  have  been  applied,  the  following are  the  values  of  the  differences  of  declination  : — 

1877. 

July       3, 

6, 

19, 
22, 
24, 

Aug.      4, 12, 
31, 

Sept.      3, 21, 
27, 

Oct.        
1, 

16, 
23, 
25, 
29, 2, 

13, Nov. 

66" 

879 
66 899 
66 

739 
66 927 
66 901 

66 798 
66 867 
66 959 

66 695 
66 942 
66 897 
66 

•888 

67 304 
67 013 
67 195 
67 021 
67 369 
67 

300 67 344 

1877. 
Dec.  13, 

67" 

701 

14, 

67 474 

17, 

67 482 

19, 

67 
326 

29, 

67 
350 

30, 

67 
553 

1878. 
Jan.  31, 

67 
659 

Mar.  24, 

67 

273 

24, 

67 

433 

31, 

67 

252 

April   1, 67 
001 

17, 

67 224 

24, 

67 
161 

27, 

66 
852 

May  18, 
66 851 

28, 

66 
688 

June   1, 

67 

341 

Assuming  that  the  true  mean  value  of  the  difference  of  declina- 

tion is  67"- 150  +  X,  that  the  true  relative  proper  motion  of  A  and  the 
comparison  star  is  3"-232  +  x',  that  tt  is  the  annual  parallax,  and  that 
k  is  the  difference  in  the  coefficients  of  aberration  for  the  two  stars, 

then  the  observations  yield  thirty-six  equations,  which,  being  solved 
in  the  usual  manner,  give 

X  =  +  0"-0274  ±  0"-0210 

x'  =  -Q  -0943  ±  0  -1218 

7r  -+0  -4654  ±  0  -0497 

Tc  =  +  0  -0330  ±  0  -0493 

I  subjoin  the  various  determinations  of  the  annual  parallax  of 
E.  I.  A.  PROC,  VOL.   II.,  SEE.  III.   SCIENCE.  R 



0' 

•357 

0 

•536 

0 

•526 

0 

•192 

0 

•511 

0 

•564 
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61  Cygni,  which  have  been  hitherto  given  {see  Auwer's  Ahhandlungen 
der  Akademie  %u  Berlin,  1868). 

Bessel,  first  fourteen  raonths, 
Bessel,  last  three  months,  and  Schliiter, 
Johnson,  first  eleven  months, 
Johnson,  last  seven  months, 
Struve,       ...... 
Auwers,     ...... 

To  these  should  be  added  the  result  obtained  by  Peters  from  zenith 
distance  observations — 

Peters,   0"^349 

Auwers  concludes,  from  his  discussion  of  the  whole  subject,  that 
the  value  of  half  a  second  is  more  likely  to  be  correct  than  the  smaller 
value  which  some  of  the  observers  have  found.  The  new  series  of 

observations  here  described  seem  to  support  this  \"iew. 
The  complete  details  of  these  observations  and  their  discussion 

are  about  to  be  published  in  Part  III.  of  i\ie  Dunsinlc  Ohservations  ;  but 
I  have  thought  that  this  brief  account  of  the  results  might  be  of  inte- 

rest to  the  Academy. 
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XXXV.   J^OXE     OJr     THE    ApPLICATIOJT     of    LaGRAXGe's    EQTJATIOJfS    OF 

Motion  to  Pkoblems  in"  the  Dynamics  of  a  Eigid  Body.  By 
EoBEET  S.  Ball,  LL.  D.,  ¥.  B.  S.,  Andrew  Prof  essor  of  Astronomy 
in  the  UmTersity  of  Dublin,  and  Boyal  Astronomer  of  Ireland. 

[Read  February  24,  1879]. 

The  problem  to  which  I  wish  to  direct  attention  occurs  in  the  Theory 
of  Screws,  and  is  thus  expressed  in  the  language  of  that  Theory. 

A  quiescent  rigid  body  has  freedom  of  the  ?*"'  order  :  being  given 
the  co-ordinates  of  an  impulsive  wrench,  it  is  required  to  find  the  co- 

ordinates of  the  corresponding  instantaneous  screw. 
The  solution  of  this  problem  is  given  in  the  Theory  of  Screws, 

p.  60.  The  method  there  adopted  is  quite  different  from  that  now 

communicated,  which  is  founded  on  Jj^.^xdJi^e' s  Equations  of  Motion  in 
Generalized  Co-ordinates. 

Without  any  loss  of  generality  we  may  assume  that  the  impulsive 
wrench  is  on  a  screw  which  belongs  to  the  screw  system,  defining  the 
freedom  of  the  body ;  for,  owing  to  the  reactions  of  the  constraints, 
one  screw  (but  only  one)  can  always  be  found  in  the  screw  system,  a 
wrench  on  which  would  produce  the  same  effect  as  a  wrench  on  a 
screw  otherwise  placed. 

Under  these  circumstances,  let  ti,  &c.,  ̂ ,„  represent  the  co-ordinates 
of  the  impulsive  screw,  and  6^,  &c.,  6,^,  be  the  co-ordinates  of  the  cor- 

responding instantaneous  screw,  reference  being  made  as  usual  to  the 
principal  screws  of  inertia. 

Lagrange's  equations  are  typified  by 

d(dT\_cIT^_ 

where  Tis  the  kinetic  energy,  and  where  PiWi  denotes  the  work  done 
in  a  twist  Wi  against  the  forces. 

If  C"  represent  the  intensity  of  the  impulsive  wrench,  then 

Pi  =  2p,CZ 

T  =  M{u,%'  +  &c.  +  u,^e,^), 

where  pi,  p,„  &c.,  are  the  pitches  of  the  principal  screws  of  inertia, 112 
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and  Ui,   &c.,   u^,    certain  constants  pertaining  to  those  screws,  and 
depending  upon  the  mass  of  the  body  and  its  freedom. 

"We  have,  therefore, 

-^^  {iiuA)  =  -  t:'2hL, 

whence,  integrating  during  the  small  time  t, 

Jo so  that  6i,  &c.,  $e,  are  proportional  respectively  to 

  -,    (XC,    — r. 
Ux  tin 

Q.  E.  D. 
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XXXVI. — Obseevations  in  Seaech  of  Stars  with  a  Laege  Anntjai, 

Paeallax.  By  Kobeet  S.  Ball,  LL.D.,  F.R.S.,  Royal  Astrono- 
mer of  Irelancl. 

[Read  December  9,  1878.] 

In  continuing  the  researches  made  by  my  predecessor  Dr.  Briinnow, 
on  the  Parallax  of  Stars,  I  have  adopted  two  different  classes  of 
observation.  The  first  of  these  is  the  ordinary  continuous  series  of 
observations  of  two  or  three  specially  chosen  objects  extending  over 
an  entire  year.  This  is,  no  doubt,  the  only  method  by  which  a  parallax 
amounting  to  a  small  portion  of  a  second  can  be  detected,  much  less 
accurately  measured.  It  is,  however,  to  be  observed,  that  as  a  set  of 
measures  takes  at  least  an  hour  to  complete,  it  is  almost  impossible 
for  the  most  assiduous  observer  to  have  more  than  three  stars  in  hand 

at  the  same  time.  I  have,  therefore,  adopted  the  course  of  having 
two  stars  in  regular  observation  at  the  same  time,  and  of  devoting 

whatever  other  opportunities  I  may  have  to  the  system  of  observa- 
tions which  will  be  described  in  the  present  Paper.  The  full  details 

of  the  observations  here  referred  to  will  shortly  appear  in  Part  III.  of 
the  Dunsink  Observations. 

It  is,  of  course,  well  known  that  up  to  the  present  no  parallax  has 
been  detected  which  exceeds  a  single  second  of  arc.  In  the  great 
majority  of  cases  the  parallax  is  very  much  less,  even  if  it  be  appreci- 

able. But  when  we  reflect  that  not  one  star  out  of  every  ten 
thousand  has  yet  been  regularly  examined  for  parallax,  it  is  obvious 
that  it  would  be  in  the  highest  degree  rash  to  conclude  that  there  are 
no  stars  nearer  to  us  than  any  of  those  of  which  we  already  know  the 
distance. 

In  selecting  objects  appropriate  for  investigation  of  annual  parallax, 
astronomers  have  generally  chosen  those  stars  which  are  exceptional, 
either  on  account  of  their  brilliancy,  or  the  largeness  of  their  proper 
motions.  The  presence  of  these  exceptional  features  in  a  star  is 
doubtless  a  prima  facie  presumption  that  the  star  is  comparatively 
near  us.  On  the  other  hand,  it  cannot  but  be  observed  that  the 

brightest  star  (i.e.  Sirius)  appears  to  have  a  parallax  of  only  0"'232,^ 
while  for  the  star  Groombridge,  1830,  which  has  the  enormous  proper 

motion  of  7"-05  annually,  Briinnow  has  found  a  parallax  no  greater 
than  0"-090.  The  presumptions  of  nearness  founded  on  great  bril- 

liancy or  great  proper  motion  can  hardly  be  said  to  be  justified  by  the 
results  of  observation. 

1  From  Houreau's  invaluable  Repertoire  des  Constantes  de  PAstronomie  I 
extract  the  following  :— "  Jacq.  Cassini,  by  the  method  of  absolute  altitudes  in  1717, 
found  a  paraUax  of  6"  for  Sirius.  Piarri,  by  the  same  method,  in  1805  reduced 
this  to  4".  Henderson,  in  1840,  from  the  meridian  altitudes  at  the  Cape,  found  the 
value  0"-23.  Gylden,  in  1864,  from  the  altitudes  found  by  Maclear,  at  the  Cape, 
in  1836-7,  deduced  a  parallax  of  0"-193.  Abbe,  in  1868,  from  the  altitudes  at  the 
Cape,  in  1856-1863,  deduced  the  parallax  0"-273.  A  mean  of  the  three  last 
determinations  is  the  value  given  above." 
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The  question  then  arises  as  to  whether  there  are  any  additional 
presumptions  which  may  guide  the  parallax  seeker  in  choosing  the 
stars  to  obserye.     I  will  mention  two. 

In  Mr.  G.  J.  Stoney's  memoir  on  the  "  Physical  Constitution  of 

the  Sun  and  Stars,"  Proceedings  of  the  Royal  Society,  IS'o.  105,  1868, 
p.  49,  is  the  following  passage  : — 

"  The  minute  crimson  stars  which  are  met  with  here  and  there  in 
the  sky  seem  to  be  either  very  small  stars  or  stars  enormously 
distended  by  heat.  It  is  very  desirable  that  the  proper  motion  and 
parallax  of  these  bodies  should  be  inquired  into  when  practicable,  on 
the  chance  that  some  of  them  may  be  found  to  owe  their  colour  to 

being  very  small,  and  therefore  very  close  to  us." 
There  is  also  a  certain  presumption  that  some  of  the  variable  stars 

are  really  small,  and  that  therefore,  as  we  see  them,  they  must 
be  comparatively  near  us. 

Before  commencing  the  observations  now  about  to  be  described,  a 
working  list  was  formed,  containing  Red  Stars,  variable  stars,  stars 
with  large  proper  motion,  and  several  other  stars  which  were  chosen 
on  different  grounds.  The  observations  of  these  stars  are  directed  with 
the  special  object  of  seeing  whether  any  of  them  have  a  large 
parallax.  My  present  purpose  is  to  place  on  record  the  observations 
of  forty-two  different  objects  selected  from  this  working  list.  In 
almost  every  case  here  described  the  observations  have  been  sufficient 
to  convince  me  that  the  parallax  is  certainly  less  than  one  second  of  arc, 
and  most  prolahly  does  not  exceed  half  a  second.  It  will,  therefore,  bo 
understood  that  the  results  of  the  reconnoitring  observations  which 
are  here  set  forth  are  merely  negative  so  far  as  the  immediate  object 
in  view  is  concerned ;  and  as  they  do  not  suggest  the  existence  of  any 
parallax  worth  following  up,  I  do  not  intend  to  observe  the  objects 
herein  named  any  further.  The  time,  therefore,  seems  to  have  arrived 
when  these  observations  may  be  published. 

We  have  now  to  describe  the  principle  upon  which  the  recon- 
noitring observations  have  been  conducted.  The  effect  of  annual 

parallax  upon  a  star  is  to  make  the  apparent  place  of  the  star  describe 
a  minute  ellipse,  of  which  the  mean  place  of  the  star  occupies  the 
centre.  In  the  reconnoitring  observations  the  star  is  observed  twice ; 
at  the  first  observation  the  star  is  at  one  of  the  extremities  of  the 

major  axis  of  the  ellipse.  The  second  observation  is  made  after  an 
interval  of  six  months,  during  which  time  the  star  has  moved  to  that 
part  of  the  ellipse  which  is  at  the  other  extremity  of  the  major  axis. 
It  thus  appears  that  the  two  observations  are  so  arranged  that  in 
each  case  parallax  shall  have  the  greatest  effect  it  is  capable  of 
producing. 

"When  a  star  undergoes  the  greatest  displacement  from  parallax  it 
must  be  at  a  distance  of  90°  from  the  sun.  If,  therefore,  a,  a',  and 
8,  8',  be  the  right  ascension  and  declension  of  the  star  and  the  sun,- 
respectively,  then,  at  the  time  of  greatest  parallactic  displacement, 

tan  8  tan  S'  =  -  cos  (a'  -  a). 
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By  the  aid  of  this  formula  the  working  list  was  arranged.  For  a 

given  date  the  values  of  a',  8'  are  known,  and  the  above  formula  gives 
a  relation  between  a  and  8.  Taking  lengths  proportional  to  a,  8  as 
abscissas  and  ordinates,  respectively,  twenty  curves  were  plotted  on  a 
plane  corresponding  to  dates  uniformly  distributed  over  the  year. 
These  curves,  of  course,  agree  in  passing  through  the  point  which 
corresponds  to  the  pole  of  the  ecliptic.  By  the  aid  of  these  curves, 
when  the  right  ascension  and  declination  of  an  object  are  known,  it  is 

easy  to  see  at  a  glance  when  the  object  is  90°  from  the  sun.  The  two 
critical  dates  were  thus  found  for  each  of  the  objects  in  the  working 
list,  and  the  observations  Avere  always  made  as  nearly  as  possible  at 
these  critical  dates. 

The  instrument  employed  was  the  South  Equatorial,  with  the 
Pistor  and  Martin's  micrometer.  The  mode  of  observation  was 
almost  identically  that  adopted  by  Dr.  Briinnow  in  his  observations  of 
a  Lyrse  and  its  companion  (see  Dnnsink  Observations,  Part  I.).  The 
following  is  the  method  by  which  the  observations  have  been  reduced, 
and  the  different  corrections  applied  : — 

We  shall  denote  the  two  stars  by  >S^,  S',  the  two  wires  of  the 
micrometer  by  /,  II,  and  the  two  possible  positions  of  the  micrometer 

\)j  A,  B :  then,  the  expression,  AIS',  for  example,  denotes  the 
reading  of  the  screw  I.  when  placed  upon  the  star  S',  the  micrometer 
having  the  position  A.  A  complete  measure  of  the  distance  of  the 
two  stars  is  obtained  by  placing  one  wire  on  each  star,  reading  off  the 
screws,  then  interchanging  the  wires,  and  reading  again.  A  complete 
series  of  measures  consists  of  four  such  pairs,  two  being  taken  in  the 
position  A,  and  two  in  the  position  £.  Each  of  the  four  complete 
measures  are  computed  separately,  the  two  first  by  the  formula 

^  (AIS  -  AIS')  +  ̂-  {AIIS'  -  AIIS). 
the  two  last  by  the  formula 

^  {£IS'  -  £IS)  +  ̂  (BUS  -  BUS'), 
Ti,  To  denote  the  values  of  a  revolution  of  screws  I.,  II.,  respectively, 
expressed  in  seconds  of  are.  These  values  have  been  computed  from 
the  expressions  found  by  Dr.  Briinnow — 

^3=  1-001337  n, 

n  =  8"-9927  -  0".0002922  (t  -  50°), 

where  t  is  the  temperature  Fahrenheit.  In  each  observation  the 
temperature  is  read  off  upon  a  thermometer,  which,  for  convenience, 
is  screwed  to  the  finder  of  the  telescope,  the  bulb  of  the  thermometer 
being  sixteen  inches  distant  from  the  eye-piece  of  the  telescope.  For 
convenience  in  reducing  the  observations  a  table  is  used,  which  gives 

log  rx  -  log  2  and  log  r-i  -  log  2  for  each  degree.  XUi^.u-'     | 
The  direction  of  the  daily  motion,  or  the  "parallel,"  was  deter- 

mined as  follows : — "Wire  /  was  set  to  the  middle  of  the  field,  the 
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micrometer  was  tumed,  approximately,  to  the  right  position,  and 
clamped ;  the  driving  clock  was  set  in  motion,  and  the  star  was 
brought  by  the  slow  motions  to  coincide  with  the  intersection  of  I 
and  the  fixed  wire.  The  clock  was  then  stopped,  and  the  micrometer 
was  adjusted  by  the  tangent  screw  so  that  the  star  ran  along  the  fixed 
wire.  In  a  second  observation  care  was  taken  that  the  tangent  screw 
was  turned  the  opposite  way  when  making  the  final  adjustment. 
The  observations  of  position  were  then  made,  and  at  the  close  of  the 
series  two  more  observations  of  the  parallel  were  made,  with  the  same 

precautions  as  before,  but  with  the  micrometer  180°  from  its  position 
in  the  first  set.  The  mean  of  the  four  observations  was  adopted  as  the 

"  parallel."  On  referring  to  the  observations,  it  will  be  seen  that  on 
many  occasions  the  set  of  parallel  observations  was  not  so  complete 
as  is  here  described.  Such  care  in  determining  the  parallel  as  is 
necessary  when  the  stars  are  three  or  four  minutes  apart  would,  of 
course,  be  thrown  away  if  the  stars  were  comparatively  close  together. 

In  observing  the  position,  the  micrometer  was  turned  until  the 
fixed  wire  was  placed  over  the  two  stars,  and  the  final  adjustment 
was  made  with  the  tangent  screw.  This  observation  was  then  re- 

peated, the  head  of  the  screw  being  turned  the  opposite  way  on  the 

second  occasion.  The  micrometer  was  then  turned  through  180°, 
and  two  more  observations  were  made,  with  similar  precautions. 
Thus,  a  complete  determination  of  the  position  angle  involves  four 
readings  of  the  parallel  and  four  of  the  position. 

The  observations  thus  made  have  to  be  corrected  for  the  effects  of 

refraction,  aberration,  precession,  and  nutation.  We  shall  consider 
them  separately. 

Let  D  be  the  distance  of  the  two  stars,  and  let  p  be  the  position 
angle ;  then,  if  2  be  the  zenith  distance,  iq  the  parallactic  angle,  and  h 
the  coefficient  of  refraction,  the  correction  to  be  applied  to  the  appa- 

rent distance  for  refraction  is 

hD{\  -f  tan-z  cos^  {jj  —  t])), 

where  k  is  the  coefficient  of  refraction  taken  from  Bessel's  Tables, 
Ast.  Unt.  Bd.  I.,  p.  198.  To  facilitate  the  calculation  of  %  and  y], 
the  table  suggested  by  Bessel  has  been  computed,  which  gives  the 
values  of  m,  and  log  cot  n  for  each  minute  of  hour  angle  in  the  latitude 

of  Dunsink,  53°  23'  13".  "We  can  then  readily  compute  s  and  7;from the  formulae — 
tan  t)  =  cot  n  sec  (S  +  m), 

tan  s  =  sec  ?7  cot  (8  -f  in). 

In  using  these  expressions  it  is  supposed  that  eastern  hour  angles  are 
negative  ;  cot  n  has  the  sign  of  the  sine  of  the  hour  angle,  and  m  has 
the  sign  of  the  cosine  of  the  hour  angle. 

In  applying  the  correction  for  refraction  to  the  observation  of  the 
position  angle,  it  is,  of  course,  to  be  remembered  that  the  reading  of 
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the  parallel  is  also  affected,  by  refraction :  we  have  thus  the  expres- 
sion 

3438  k  tan^2  cos^  sin  {2rj  - p) 

to  denote  the  correction  expressed  in  minutes  of  arc,  which  is  to  be 
applied  to  the  observed  position  angle  in  order  to  clear  it  from  the 
effects  of  refraction. 

The  distance  of  the  two  stars  is  also  affected  to  a  certain  extent  by 
•aberration.     The  correction  to  be  applied  to  the  observed  distance  is 

D  sin  1"  (/  sin  S  -  A  cos  {S  +  a)  cos  8), 

where  i',  h,  IT,  are  given  in  the  Nautical  Almanac  for  the  day  in 
question.  When  this  correction  has  been  applied  to  the  observed  dis- 

tance of  the  two  stars,  we  obtain  the  distance  between  the  mean 
places  of  the  two  stars  for  the  preceding  1st  January. 

The  position  angle  of  the  two  stars  is  also  affected  by  aberration, 
and  the  correction  to  be  applied,  expressed  in  minutes  of  arc,  is 

   sin  (jS"+  a)  tan  S. 

On  account  of  the  motion  of  the  pole,  arising  from  precession  and  nu- 
tation, there  is  a  corresponding  change  in  the  direction  of  the  parallel, 

and  therefore  a  change  in  the  position  angle ;  the  correction 

-  — -  sin  ( 6^  +  a)  sec  S 

will  make  the  position  angle  what  it  would  have  been  when  referred 
to  the  position  of  the  pole  on  the  preceding  January  1.  The  quanti- 

ties g,  G,  are  those  given  in  the  Nautical  Almanac  for  each  day. 
As  the  observations  are  all  reduced  to  the  epoch  January  1st, 

1875,  a  further  correction, 

-  0-3342  {t  -  1875)  sin  a  .  sec  S, 

must  be  applied  to  the  position  angle  observed  in  the  year  t. 
Corrections  must  also  be  sometimes  applied  on  account  of  the  dif- 

ferences between  the  proper  motions  of  the  two  stars.     Let 

{t  -  1875)  Aa  and  {t  -  1875)  AS 

be  the  corrections  arising  from  the  proper  motions  of  the  principal 
star  relatively  to  the  other  star,  which  must  be  applied  to  the  right 
ascension  and  declination  of  the  principal  star  to  bring  the  place  to 
the  date,  January  1st,  1875.  Then,  the  correction  to  be  applied  to 
the  distance  is 

cos^AS  (1875  -t)^  cos  S  sini?Aa  (1875  -  t), 

while  the  correction  to  be  applied  to  the  minutes  of  the  position 
angle  is 

3438  ̂ \np  —  (1878  -  t)  -  3438  cos  S  cos^?  ̂   (1875  -  t). 
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By  the  application  of  these  several  corrections,  the  observed  dis- 
tance and  position  angle  of  the  two  stars  is  transformed  into  the  true 

distance  and  position  angle  when  the  stars  are  situated  in  their  mean 
positions  on  1st  January,  1875. 

The  following  catalogue  contains  the  results  of  these  observations 
for  forty-two  different  objects  selected  from  the  working  list,  of 
which  the  construction  has  been  already  explained.  The  first  column 
of  the  catalogue  contains  the  number  of  the  object  for  convenience 
of  reference.  The  second  column  gives  the  designation  of  the  object. 
Prequent  reference  is  here  made  to  the  list  of  Eed  Stars  compiled  by 
Schjellerup  (Yierteljahrschrift  der  Astronomischen  Gesellschaft  ix. 

Jahrgang).  This  catalogue  is  referred  to  by  the  abbreviation  "  Schj." 
(Red).  In  other  cases  (as,  for  example,  No.  vi.)  the  reference 

(+  27°,  1270)  is,  as  usual,  to  the  "  Durchmusterung,"  vols,  iii.,  iv.,  v., 
of  the  JBonn  Observations .  No.  xxxi.  is  a  Hed  Star  from  Mr.  Bir- 

mingham's Catalogue  {Transactions  of  the  Boyal  Irish  Academy,  voL 
xxvi.,  pp.  249-354). 

The  third  column  gives  the  date  of  the  observation,  which 
is  always  as  near  as  possible  to  one  of  the  two  critical  dates 
already  referred  to.  In  connexion  with  these  critical  dates,  it 
is  to  be  remembered  that  they  have  been  chosen  without  reference 
to  the  comparison  star,  and  therefore  are  not  generally  the  pre- 

cise dates  at  which  parallax  would  make  the  maximum  derange- 
ment of  either  the  distance  or  the  position  angle.  They  are  only 

the  dates  at  which  the  star  is  situated  at  the  apses  of  the  paral- 
lactic ellipse.  If  the  comparison  star  happened  to  be  situated  in  the 

direction  of  the  minor  axis  of  the  parallactic  ellipse,  there  would  be 
no  parallactic  change  in  the  distance  at  the  two  dates,  but  there 
would  be  the  greatest  change  possible  in  the  position.  On  the  other 
hand,  if  the  comparison  star  were  situated  on  the  major  axis  of  the 
parallactic  ellipse,  there  would  be  the  greatest  change  possible  in  the 
distance.  It  might,  no  doubt,  have  been  better,  in  some  respects,  to 
have  chosen  the  dates  so  that  absolutely  the  maximum  alterations  of 
distance  and  position  should  have  been  secured,  but  this  would  have 
involved  more  time  than  I  cared  to  devote  to  work  which  might  pro- 

bably lead  only  to  a  negative  result.  This  method  would,  generally, 
have  required  five  observations.  The  first  of  these  would  be  devoted 
to  the  selection  of  a  suitable  comparison  star,  and  a  determination  of 
its  place ;  then,  from  these  results  the  four  dates  of  maximum  and 
minimum  derangement  of  distance  and  position,  respectively,  would 
have  been  determined,  and  the  observations  would  have  to  be  renewed 
at  or  near  these  dates.  I  have,  therefore,  adopted  the  simpler  method,, 
which  only  requires  two  observations,  these  being  generally  about  the 
dates  when  the  star  is  at  its  greatest  distance  on  one  side  or  the 
other  of  its  mean  place. 

The  fourth  column  gives  the  corrected  distances,  and  the  fifth 
column  contains  the  corrected  values  of  the  position  angles. 
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No. Object. 
Bate. Corrected 

Distance. 

Corrected 
Position. 

I. Schj.  (red),  3,  .  . 
12  Aug., 

31  Jan., 

1877, 

1878, 

183" 

183 733 079 
Sie''  5'  -76 

316  15  -87 

II. Schj.  (red),  3«,  . 

1  Aug., 

12  Jan., 
19  Dec, 

1876, 
1877, 
1877, 91 

91 91 

286 
336 
560 

68  34  -64 
68  11  -00 

67  53  -44 
III. Schj.  (red),  28,  . 

17  Feb., 
31  Aug., 

1877, 

1877, 

332 
332 

919 135 236  6  -45 
235  37  -80 

IV. Schj.  (red),  29,   . 
20  Feb., 
31  Aug., 

1877, 

1877, 229 
229 

778 
801 85  16  -90 

85  10  -26 

V. Schj.  (red),  64,  . 
9  Oct., 

5  April, 

1876, 

1878, 263 
263 

831 
677 

191  49  -17 

191  32  -33 

TI. +  27%  1270,  .  . 
28  Mar., 
1  Oct., 

1877, 
1877, 

169 
169 

368 
163 

218  50  -85 

218  44  -05 

VII. +  25°,  1594,  .  . 
28  Mar., 
27  Sept., 
11  Oct., 

1877, 
1877, 
1877, 

105 
105 

105 
799 985 873 87  11  -30 

87  8  -93 
86  59  -18 

VIII. 53  Geminor,  .  . 
5  April, 

16  Oct., 

1877, 
1877, 

209 
208 

359 
886 

315  46  -93 
315  52  -76 

IX. Schj.  (red),  94  a,   . 
5  April, 

16  Oct., 

1877, 
1877, 100 

100 
363 

170 182  40  -56 
182  27  -34 

X. 
+  28',  1532,  .  . 

27  Mar., 
13  Nov., 

1877, 
1877, 

242 243 

772 
248 293  20  -83 

293  27  -28 

XI. +  28%  1532,  .  . 27  Mar., 
13  Nov., 

1877, 
1877, 185 

185 
079 
056 345  4  -02 

345  24  -61 

XII. Schj.  (red),  115,  . 
25  Nov., 

27  Nov., 
17  April, 
21  April, 

1876, 
1876, 

1878, 
1878, 

183 

184 

183 183 

888 

758 

638 
565 

226  0  -57 
226  16  -27 
225  32  -70 

225  37  -31 
XIII. Schj.  (red),  120,  . 

7  May, 

17  May, 

10  Dec, 

1877, 
1877, 
1877, 

122 

121 122 

463 

752 
602 

170  15  -80 
170  2  -94 

170  41  -00 
XIV. R.  Leonis  =  Schj. 

(red),  123, 

27  Nov., 8  Dec, 

12  Dec, 
17  May, 

1876, 

1876, 
1876, 
1877, 

258 
258 

258 

257 

247 

374 

708 719 

268  20  -64 
268  33  -20 
268  26  -44 

268  25  -19 
XV. E.  Leonis  =  Schj. 

(red),  123, 

27  Nov., 
14  Dec, 
17  May, 

1876, 

1876, 
1877, 275 276 

274 722 
120 241 224  32  -44 

224  41  -80 
224  37  -59 
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No. 
Object. 

Date. Corrected 
Distance. 

Corrected 
Position. 

Schj.  (red),  146,  . 

Schj.  (red),  155,  . 

Schj.  (red),  lo6,  . 

Schj.  (red),  163,  . 

Schj.  (red),  163,.  . 

+  15°,  2891,  .  . 

Schj.  (red),  182,  . 

Schj.  (red),  185,  . 

Schj.  (red),  186,  . 

+  46°,  2194,  .  . 

Schj.  (red),  199  a, 

Schj.  (red),  211  ((?), 

+  23°,  3316,  .  . 

+  24",  3400,  .  . 

+  24%  3405,  .  . 

+  36°,  3168,  .  . 

Schj.  (red),  221  {a), 

22  Dec, 
5  May., 

14  Dec, 
8  Jtme, 

8  Jan., 

12  June, 

12  Jan., 
16  Jiine, 

12  Jan., 
16  June, 

18  Feb., 1  Aug., 
28  Aug., 

9  Jan., 

16  Feb., 29  July, 

4  Mar., 

17  Mar., 2  Aug., 

4  Mar., 
2  Aug., 

28  Feb., 
30  Aug., 

16  Sept., 

4  April, 

17  Mar., 
1  Oct., 

27  April, 
27  Sept., 

21  Sept., 

24  April, 

6  April, 
21  Sept., 

16  Oct., 
21  April, 

14  Oct., 17  May, 

1876, 
1878, 

276" 

276 
699 
391 1876, 1877, 

196 
195 

436 
508 1877, 

1877, 

393 
392 

856 
083 1877, 

1877, 
271 
271 

843 
888 1877, 

1877, 
59 
58 

275 

510 1877, 
1877, 
1877, 131 

130 
131 

406 
854 
079 1877, 

1877, 
1877, 391 

392 390 

615 
353 

977 

1877, 
1877, 
1877, 

75 
75 
76 

799 
509 

297 
1877, 
1877, 

132 132 
579 

807 

1877, 
1877, 

133 
133 

974 

683 1876, 
1878, 

288 287 
433 

352 

1877, 
1877, 

165 

164 
101 
866 1878, 

1877, 

209 
209 

621 

660 

1877, 

1878, 
263 

262 
065 
570 

1877, 
1877, 

128 
127 

481 
989 

1877, 

1878, 
134 134 311 

778 

1876, 1877, 

168 
169 

227 

291 

108°43' 

108  33 

49  15 

49  10 

344  15 

344  3 

240  6 
232  52 

158  31 
158  30 

45  16 
45  4 
45  15 

341  1 
340  52 341  3 

49  35 
49  21 
49  31 

9  32 
9  2 

91  18 

91  45 

291  9 290  7 

143  49 
143  3 

317  55 

318  8 

260  45 
260  35 

221  51 

222  6 

355  14 

354  31 

12  40 

12  11 
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Object. Date. Corrected 
Distance. 

Corrected 
Position. 

Sell],  (red),  221  [a) 

Schj.  (red),  225,  . 

4  22",  3660,  .  . 

+  35^  3985,  .  . 

+  35",  4001,  .  . 

+  35°,  4001,  .  . 

rCygni,   .  .  . 

Schj.  (red),  244,  . 

+  4r,  4114,  .  . 

+  4r,  4117.  .  . 

14  Oct., 

17  Mav, 

1876, 
1877, 

23  May,  1877, 
8  Oct.,  1877, 
5  May,  1878, 

7  May,  1877, 
3  Sept.,  1877, 

25  May, 

6  Nov., 

1877, 
1877, 

17  Nov.,  1876, 
17  Nov.,  1876, 
4  May,  1877, 

25  May,  1877, 

17  Nov.,  1876, 
25  May,  1877, 

15  Nov.,  1876, 
25  May,  1877, 
12  June,  1877, 

29  Nov.,  1876, 
19  May,  1877, 

12  Dec,  1876, 
27  May,  1877, 
15  June,  1877, 

27  May,  1877, 
15  June,  1877, 
7  Nov.,  1877, 

122" 

059 
121 '27' 

121 
394 

121 

40  • 

48 
677 

82 

32  • 

47 

832 82 

59  • 

48 
386 — 

255 

704 

254 

44  • 

256 231 
254 

40  • 

58 693 

97 

14  • 

58 623 

97 

29  • 

60 430 
330 

6  • 

61 

497 

330 

5  • 

62 019 329 

47  • 

61 
418 330 

1  • 

86 
466 

182 

10  ' 

86 546 
181 

35  • 

185 576 

78 

12  • 

185 

788 

78 

24  • 

186 338 

78 

37  • 

124 265 8 

10  • 

123 652 7 

34  • 

211 
521 

97 

2  • 

211 
614 

97 

10  • 

211 
434 

97 

10  • 

211 095 

67 

40  • 

210 
923 

67 

45  • 

211 286 

67 

51  • 

20 

It  then  became  necessary  to  sift  these  observations  with  the  view 
of  seeing  whether  they  afford  any  traces  of  parallax.  A  discrepancy 
between  the  distances  or  positions  at  the  dates  of  the  two  observations 
must  be  attributed  either,  firstly,  to  the  accidental  errors  of  observa- 

tion ;  or,  secondly,  to  the  proper  motion  of  one  or  both  of  the  two  stars  ; 
or,  thirdly,  to  the  parallax  of  one  or  both  of  the  two  stars ;  or, 
fourthly,  to  the  joint  effect  of  various  causes.  It  will  be  convenient, 
in  considering  the  effect  of  parallax  upon  the  position  angle,  to  elimi- 

nate the  effect  of  the  distance  by  multiplying  the  actual  correction 
to  the  position  angle  by  the  sine  of  the  distance.  If  tt  be  the 
parallax,  and  if  the  effect  of  parallax  upon  the  distance  be  tt  cos  6^ 
then  the  effect  of  parallax  upon  the  position  angle  will  be  it  sin  6. 

It  follows  that,  when  the  object  is  observed  at  the  apses  of  its  paral- 
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lactic  ellipse,  the  discrepancy  between  the  two  distances  will  be  27r  cos  9, 
and  the  discrepancy  between  the  two  position  angles  will  be  27r  sin  6. 

These  quantities  cannot  be  both  less  than  7ry^2.  If,  therefore,  we 
retain  for  discussion  every  case  in  which  the  discrepancy  in  the  two 
distances,  or  the  two  position  angles,  amounts  to  a  single  second  of 

arc,  every  case  in  which  the  parallax  could  amount  to  0"'70  will  be 
certainly  included.  On  examining  the  list  of  observations,  it  will  be 
seen  that  in  twenty-seven  cases  there  is  not  a  discrepancy,  either  in 
the  angle  of  position  or  in  the  distance,  which  amounts  to  a  single 
second  of  arc.  In  these  cases  there  is,  therefore,  no  suggestion  that 
the  parallax  reaches  anything  like  the  limit  named  :  if  any  appreciable 
parallax  exists,  it  is  masked  in  the  errors  of  observation,  which  are, 
of  course,  under  little  control  when  the  number  of  observations  is  so 
few. 

There  are,  however,  fifteen  cases  in  which  the  discrepancy  does 
amount  to  a  second  of  arc.  Thus,  so  far  as  the  distance  is  concerned, 
in 

XV.  the  discrepancy  is  !"• xvm.  ,,  1 
xxn.  , ,  1 
XXVI.  , ,  1 

1 

The  following  are  the  cases  in  which  the  discrepancy  in  the  two 

position  angles  is  at  least  equivalent  to  a  second  of  arc : — 

m.,  v.,  XI.,  xn.,  xin.,  xvm.,  xxiv.,  xxv.,  xxvi.,  xxvn.,  xxxi.,  xl. 

In  the  case  of  xvm.  and  xxvi.,  we  have  a  discrepancy  amounting  to 
over  a  second  both  in  the  distance  and  the  position  angle. 

It  may  be  remarked,  that  of  these  fiiteen  cases  a  large  propor- 
tion will  be  found  where  the  observations  have  been  more  or 

less  incomplete,  and  where,  consequently,  the  errors  of  observation 
may  reasonably  be  expected  to  be  greater  than  in  the  cases  where 
the  observations  are  complete.  We  shall,  however,  inquire  as  to  how 
far  the  discrepancies  are  capable  of  being  subdued  or  removed  by  the 
supposition  of  annual  parallax.  For  this  purpose  it  will  be  necessary 
to  examine  the  effect  of  annual  parallax  on  each  of  the  objects,  sepa- 

rately, by  the  well-kno^vn  formulae.  In  order  to  reduce  the  observed 
distance  between  a  star  which  has  parallax  tt,  and  an  adjacent  star 
which  has  no  parallax,  to  the  distance,  as  seen  from  the  sun,  a  cor- 

rection must  be  applied  equal  to 

-  m-irR  cos  ( O  -  IP), 

where  R  is  the  distance  from  the  sun  to  the  earth,  and  where  0  is 

the  sun's  longitude,  m,  M  being  constants  depending  upon  the  object. 
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The  corresponding  correction  to  be  applied  to  the  position  angle  o£ 
the  star  which  has  no  parallax,  measured  from  the  star  which  has 
parallax,  is 

-  m'ttR  cosec  B  cos  (0  -  M'), 

where  I)  is  the  distance  of  the  two  stars.  The  four  quantities,  m,  m', 
M,  M',  have  been  computed  from  the  well-known  formulae. 

It  is  also  sometimes  useful  as  a  check  to  calculate  the  eiiect  of  par- 
allax on  the  distance  and  position  by  the  other  method,  which  is, 

indeed,  much  shorter  than  the  general  method  just  referred  to,  when 
only  one  or  two  observations  have  to  be  reduced. 

Let  a,  S',  be  the  right  ascension  and  declination  of  the  sun  at  the 
time  of  the  observation,  then  the  following  formulae  are  computed  : — 

p  cos  cr  =  sin  S',  X  cos  /x.  =  cos  8'  sin  (a'  -  a), 

p  sin  o-  -  cos  (a'  -  a),  \  sin  />(.  =  p  COS  (cr  +  S). 
The  correction  to  the  distance  is 

+  ttRX  sin  {p  +  p.). 

The  correction  to  the  position  is 

+  ttRX  cosec  B  sin  {p  +  p). 
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The  result  of  the  calculations  is  given  in  the  following  Table  :- 

Refe- rence 
Number. Object. 

Date. Apparent  Distance Corrected  for 
Annual  Parallax  n. 

Apparent  Position Corrected  for 
Annual  Parallax  ir. 

III. Schj.  (red),  28,  .     . 1877.  Feb.  17, 
„      Aug.  31, 332".9i9  +  o".g2i  jr 

332  .135-0  .914 IT 
236°  6'  .45  +    3'.6i  77 
235  37  -So  -    3  .73  '^ 

V. 
Schj.  (red),  64,  .     . 

1876.  Oct.  9, 
1878.  April  5, 263  .831  —  0  .22757 

263  .677  +  0  .23177 
igi  49  .17  —  II  .60  17 
191    32    .33  +  11   -82  17 

XI. -\-  280,  1532,  .     .     . 1877.  Mar.  27, 
„     Nov.  13, 

r8s  .079-1-0  .45117 
185  .256  —  0  .34157 345    4  -02  -  15  .  5  'T 

345  24  .61  +  15  .  3  77 
XII. 

Schj.  (red),  115,     . 1876.  Nov.  25, „     27, 

1878.  April  17, 

)>          )>      21, 

183  .888-0  .45577 

184  .758  —  0  .44877 
183  .638  +  0  .497  77 

183     .565  -1-  0    .504  17 

226    0  .57  -  14  .  5  77 
226  16  .27  —  14  .  3  77 

225  32  .70  +  15  .  8  77 
225  37  .31  +  16  .  0  77 

XIII. Schj.  red),  120,     . 1877.  May  7, 

,.         „     17, 
„      Dec.  10, 

122  .463  —  0  .42077 
121  .752  —  0  .36877 
122  .602  -|-  0  .206  77 

170  IS  .80  +  25  .  6  77 
170    2  .94  +  24  .  0  77 

170  41  .00  —  21  .  0  77 

XV. R  Leonis,     .     .     . 1876.  Nov.  27, 
,,      Dec.  14, 

1877.  May  17, 

275  .722  —  0  .40677 
276  .120  —  0  .35677 
274  .241 -fo  .43417 

224  32  .44  —  10  .  9  77 
224  41  .80  —    9  .75  77 
224  37  .59+11  ■  477 

XVIII. Schj.  (red),  156,     . 1877.  Jan.  8, 

,,      June  12, 

393  .856-0  .55217 
392  .083  +  0  .71017 

344  15  -94  +    6  .83  77 

344    3  -56  -    6  .09  77 
XXII. Schj.  (red),  182,     . 1877.  Jan.  9, 

„      Feb.  6, 

„      July  22, 

391  .615  —0  .82917 
392  -353  -  0  -559  T 

390  .977  +  0  .71017 

341     1  .31+    4  .4017 

340  52  .42  +    7  .08  77 

341  3  .54  -    6  .36  77 
XXIV. Schj.  (red),  186,    . 1877.  March  4, 

,,      Aug.  2, 
132  .579  +  0  .51917 
132  .807  +  0  .16217 

9    32    .86  +  24   .97  77 
9       2    .11    -    24  .94  17 

XXV. 
+  46°,  2194,  •     •     • 1877.  Feb.  28, 

„     Aug.  30, 133  -974  +  °  -98217 
133  -683  —  0  .999 17 

91    18    .26  +     0  .64  17 

91  45  .20  -    I  .85  17 

XXVI. Schj.  (red),  199  (0), 1876.  Sept.  16, 
1878.  April  4, 

288  .433  +  0  .92677 
287  .352-0  .73217 

291       9    .06    -       4   .47  77 
290    7  -70  +    7  .32  17 

XXVII. Schj.  (red),  211  [a], 1877.  Mar.  17, 
„      Oct.  I, 

165    .101  +  0    .644  77 
164  .866  —  0  .53177 

143  49  -73  -  15  -67  17 
143    3  .07  +  17  -65  -^ 

XXXI. 
-f  z6o,  3168,  .     .     . 1877.  Oct.  16, 

1878.  April  21, 134  .311  —0  .18777 
134  -778  +  0  .30617 

355  14  .81  -  25  .  0  17 
354  31  -55  +  24  .  2  77 

XXXII. Schj.  (red), 221  {a), 1876.  Oct.  14, 
1877.  May  17, 

168  .227  —  0  .39317 
169  .291  +  0  .81777 

12  40  .68  -  18  .  7  77 
12  II  .35  +  12  .  677 

XL. Schj.  (red),  244,     . 1876.  Nov.  29, 

1877.  May  10, 
124    .265  —  0    .565  17 
123  .652  +  0  .52417 

8  10  .20  -  21  .  4  77 

7  34  .88  +  23  .  9  17 

In  the  great  majority  of  cases  these  results  pronounce  emphati- 
cally against  the  supposition  of  a  parallax  large  enough  to  be  detected 

amid  the  errors  of  observation  which  are  inseparable  from  the  method 

which  has  been  adopted.  In  no  case  do  they  afford  reliable  indica- 

tions of  a  parallax  large  enough  to  be  detected  by  the  method  of' reconnoitring. 
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XXXVII. — Speculations  on  the  Source  of  Meteorites.   By  Egbert 
S.  Ball,  LL.D.,  F.E.S.,  Koyal  Astronomer  of  Ireland. 

[Read  January  13,  1879.] 

I  HAVE  recently  read  M.  Gr.  Tschermak's  most  interesting  memoir 
"Die  Bildung  der  Meteoriten  und  der  Ynlcanismus."^  I  am  not 
competent  to  offer  any  opinion  on  the  mineralogical  questions  involved 
in  his  discussion,  but  the  numerous  arguments  he  has  advanced 

appear  to  me  to  justify  his  conclusion,  that  "  the  meteorites  have  had 
a  volcanic  source  on  some  celestial  body."  These  arguments  are 
briefly  as  follows  : — 

Meteorites  are  always  angular  fragments,  even  before  they  come 
into  our  atmosphere. 

Most  meteoric  irons  have  a  crystalline  structure,  which,  according 
to  Haidinger,  requires  a  very  long  period  of  formation  at  a  nearly 
constant  temperature.  This  condition  could  only  have  been  fulfilled 
in  a  large  mass. 

Many  meteoric  stones  show  flutings  resembling  those  see:  on 
terrestrial  rocks,  and  which  are  due  to  the  rubbings  of  adjacent 
masses. 

Other  meteorites  have  a  structure  produced  by  the  union  of 
several  fragments,  so  as  to  be  analogous  to  breccia. 

Many  meteorites  arc  composed  of  very  small  particles  analogous 
to  volcanic  tufas. 

After  glancing  at  the  old  theory  of  the  volcanoes  in  the  moon,  and 
rejecting  as  untenable  the  hypothesis  that  meteorites  have  any  con- 

nexion with  the  ordinary  shooting  star  showers,  Tschermak  con- 

cludes, "  We  may  suppose  that  many  celestial  bodies,  of  considerable 
dimensions,  are  still  small  enough  to  admit  of  the  possibility  that 
projectiles  driven  from  them  in  volcanoes  shall  not  return  by  gravity. 

These  would  really  be  the  sources  of  meteorites."  Similar  views 
having  been  put  forward  by  Mr.  J.  Laurence  Smith  and  other 
authorities,  it  seems  not  unreasonable  to  discuss  the  following 

problem : — 
If  meteorites  have  been  projected  from  volcanoes,  on  what  hody  or 

bodies  in  the  Universe  must  these  volcanoes  have  been  located? 

Let  us  first  take  up  a  few  of  the  principal  celestial  bodies  seriatim, 

and  consider  their  claims  to  the  parentage  of  the  meteorites.  "We begiu  with  the  sun.  It  has  been  shown  that  there  exists  upon  the 
sun  tremendous  explosive  power.  It  is  not  at  all  unlikely  that  the 
power  would  be  sufficiently  great  under  certain  circumstances  actually 
to  drive  a  body  from  the  sun  never  to  return.  We  might,  therefore, 
find  upon  the  surface  of  the  sun  adequate  explosive  power  for  the 
volcano,  but   the  projectiles  are  here  the  difficulty.     There   are  a 

1  Sitzungsbericlite  der  Mathematisch-Naturwissenscliaf  tlichen  Classe  der  Kaiser- 
lichen  Akademie  der  Wissenschaften,  Wien,  1875.  Band  Ixxi.,  Abtheilung  2, 
pp.  661-674. 

11.  I.  A.  I'ROC,  VOL.  II.,  SEll.  III. — SCIENCE.  S 
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number  of  circumstances  (notably  the  breccia-Eke  appearance  of  some 
meteorites)  whicli  show  conclusively  that  the  meteorites  have  been 

torn  from  rocks  which  were  ali'eady  nearly,  if  not  quite,  solid;  and  as 
it  seems  in  the  highest  degree  improbable  that  rocks  of  this  nature 
should  exist  in  the  sun,  we  may  conclude  that  the  sun  has  not  been 
the  source  of  the  meteorites. 

Can  the  meteorites  have  come  from  the  moon  ?  Owing  to  the 
small  mass  of  the  moon,  the  explosive  power  requisite  to  carry  a  body 
away  from  the  moon  may  no  doubt  be  comparatively  small ;  but  can  a 
body  which  has  been  projected  from  a  volcano  in  the  moon  tumble 
upon  the  earth  ?  To  simplify  questions  of  this  kind  ive  shall  suppose 

-various  disturhiny  influences  absent.  We  shall  suppose  that  the  pro- 
jectile is  discharged  from  the  moon  with  sufficient  velocity  to  carry  it 

completely  therefrom.  We  shall  then  omit  all  account  of  the  dis- 
turbing influence  both  of  the  sun  and  the  moon  on  the  projectile,  and 

we  shall  suppose  that  the  projectile  is  really  revolving  round  the 
earth  as  a  satellite.  This  projectile  will  fall  upon  the  earth  if  its 

distance  fi-om  the  earth's  surface  when  in  perigree  be  less  than  the 
radius  of  the  earth  (augmented  perhaps  by  the  thickness  of  the 

earth's  atmosphere).  It  should,  however,  be  observed,  that  if  the 
projectile  once  escaped  the  earth,  it  loould  never  fall  thereon;  hence  the 
question  as  to  whether  the  moon  can  be  the  source  of  the  meteorites 
now  falling  appears  to  be  connected  with  the  question  as  to  whether 
the  lunar  volcanoes  are  now  active.  But  it  is  generally  believed  that 
the  lunar  volcanoes  are  not  now  active  to  any  appreciable  extent 
(even  if  the  suspected  indications  of  recent  change  were  thoroughly 
established).  It  foUows,  that  even  if  the  moon  has  been  a  source  of 
meteorites  in  ancient  times,  we  no  longer  receive  a  supply  from  that 
quarter.  There  is,  of  course,  just  a  possibility  that  projectiles  from 
the  moon  in  past  ages,  which  have  hitherto  escaped  collision  with  the 
earth,  may,  under  the  influence  of  the  disturhiny  causes  previoxi^shj 
excepted,  occasionally  fall  to  the  earth  as  a  meteorite. 

Passing  fi'om  the  sun  and  the  moon,  let  us  now  bring  under 
review  some  of  the  other  celestial  bodies,  and  see  how  far  they  will 
fulfil  the  conditions  of  the  question,  Is  it  possible  that  the  meteorites 
can  have  been  projected  from  the  surface  of  a  planet  ?  In  order  to 
get  over  the  difficulties  of  the  great  initial  velocity  which  would  be 
necessary  to  overcome  the  gravitation  of  a  large  planet,  it  seems 
natural  to  inquire  if  a  volcano  placed  upon  one  of  the  small  planets 
could  accomplish  the  task. 

It  is  clearly  impossible  that  a  projectile  from  any  soui'ce  should 
ever  fall  on  the  earth,  unless  the  orbit  of  the  projectile  cuts  the  plane 
of  the  ecliptic  in  the  narrow  ring,  something  over  8000  miles  wide, 
which  the  earth  and  its  atmosphere  trace  out  on  the  ecliptic ;  but  if  a 
meteorite  with  an  elliptic  orbit  round  the  sun  intersect  this  ring,  then 
in  the  lapse  of  time  it  may  happen  that  the  earth  and  the  meteorite 
will  meet  at  the  point  where  their  orbits  intersect ;  the  meteorite  will 
then  fall  upon  the  earth,  and  its  long  travels  will  be  at  an  end. 
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"We  shall  therefore  consider  the  circumstances  under  which  it  would 
be  possible  for  a  volcano  on  one  of  the  minor  planets  (for  example, 
Ceres)  to  discharge  a  projectile  so  that  the  projectile  shall  intersect 
the  ecliptic  in  the  ring  we  have  just  referred  to.  As  the  mass  of  the 
planet  is  small,  the  initial  velocity  which  would  be  required  to  carry 
a  projectile  away  from  the  planet  presents  no  difficulty,  perhaps  an 
ordinary  cannon  would  be  sufficient,  so  far  as  the  mere  gravitation  to 
the  planet  is  concerned.  But  when  we  consider  that  the  projectile  must 
be  driven  through  the  ring  we  have  been  considering,  a  vastly  more 
powerful  instrument  would  be  required. 

Ceres  is  moving  in  an  orbit  (supposed  circular  and  in  the  ecliptic) 
with  a  velocity  of  about  eleven  miles  per  second.  A  projectile  dis- 

charged from  Ceres  will  have  an  actual  velocity  which  is  compounded 
of  the  velocity  of  Ceres,  with  the  velocity  which  is  imparted  by  the 
volcano.  But  simple  dynamical  considerations  show  that  if  the  pro- 

jectile have  an  initial  yelooitj  perpendicular  to  the  radius  vector,  differ- 
ing much  from  eight  miles  per  second,  it  can  never  intersect  the  ring, 

no  matter  in  what  direction  it  be  discharged.-  The  volcano  on  Ceres 
must  therefore  be  adequate  to  the  abatement  of  the  velocity  perpendi- 

cular to  the  radius  vector  from  eleven  miles  per  second  to  eight  miles 
per  second,  i.e.,  the  volcano  must  he  at  the  very  least  adequate  to  produc- 

ing an  initial  velocity  of  three  miles  per  second.  As  this  is  quite  in- 
dependent of  the  additional  volcanic  power  requisite  to  carry  the 

projectile  away  from  the  attraction  of  Ceres,  it  is  obvious  that  after 
all  there  may  be  but  little  difference  between  the  volcano  which 
would  be  required  on  Ceres,  and  that  (of  six-mile  power)  which 
would  project  a  body  away  from  the  surface  of  the  earth  for  ever. 

Admitting,  however,  that  a  volcano  of  sufficient  power  were  placed 
upon  Ceres,  would  it  be  likely  that  a  projectile  driven  therefrom  would 

ever  cross  the  earth's  track  ?  This  is  a  question  in  the  theory  of  pro- 
babilities, and  it  is  not  easy  to  state  the  problem  very  definitely.  If 

the  total  velocity  with  which  the  projectile  leaves  the  orbit  of  Ceres 
be  less  than  eight  miles  per  second,  then  the  projectile  will  fall  short 

of  the  earth's  track ;  on  the  other  hand,  if  the  total  initial  velocity 
exceeds  sixteen  miles  per  second,  the  orbit  in  which  the  projectile 

'moves  will  be  hyperbolic,  and  though  it  may  cross  the  earth's  track 
once,  it  will  never  do  so  again.  Taking  a  mean  between  these  ex- 

treme velocities  we  may  investigate  the  following  problem : — Suppose 
that  a  projectile  is  discharged  from  a  point  in  the  orbit  of  Ceres  in  a 
random  direction  with  the  total  initial  velocity  of  twelve  miles  per 
second,  determine  the  probability  that  the  orbit  of  the  projectile  shall 

cross  the  earth's  track.  When  this  problem  is  solved  in  accordance 
Avith  the  calculus  of  probabilities,  it  is  found  that  the  chances  against 

the  occurrence  arc  about  50,000  to  1,  i.e.,  out  of  eveiy  50,000  pro- 
jectiles discharged  at  random  from  a  point  in  the  orbit  of  Ceres,  only 

a  single  one  can  be  expected  to  cross  the  earth's  track. 

-  Disregarding  an  obvious  exception. S3 
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It  is  thus  evident  that  there  are  two  objections  to  Ceres  (and  the 
same  may  be  said  of  the  other  minor  planets)  as  a  possible  source  of 

the  meteorites.  Firstly,  that  not-withstanding  the  small  mass  of 
Ceres,  a  veiy  powerfal  volcano  T\'ould  be  required;  and  secondly,  that 
we  are  obliged  to  assume  that  for  each  meteorite  which  could  ever  fall 
upon  the  earth,  at  least  50,000  must  have  been  ejected. 

It  thus  appears  that  if  the  meteorites  have  been  originally  driven 
from  any  planet  of  the  solar  system,  large  or  small,  the  volcano  must, 
from  one  cause  or  another,  be  a  very  poweiiul  one. 

There  is,  however,  one  planet  of  the  solar  system  which  has  a 
special  claim  to  consideration.  On  that  planet  it  is  true  that  a  vol- 

cano would  be  required  which  was  capable  of  giving  an  initial  velocity 

of  at  least  six  miles  per  second ;  but  every  projectile  launched  fi'om 
that  volcano  into  space  would,  after  accomplishing  an  elliptic  orbit 
round  the  sun,  dash  through  the  track  of  the  earth,  and  again  pass 
through  the  same  point  at  every  subsequent  revolution.  It  is  not 

here  a  case  of  one  solitary  projectile  out  of  50,000  crossing  the  earth's 
track,  but  every  one  of  the  50,000  possesses  the  same  property.  The 
planet  of  which  we  are  speaking  is,  of  course,  the  earth  itself.  If  in 
ancient  times  there  were  colossal  volcanoes  on  the  surface  of  the  earth 

which  had  sufficient  explosive  energy  to  drive  missiles  upwards  with 

a  velocity  sufficient  to  cany  them  away  from  the  earth's  surface,  after 
making  allowance  for  the  resistance  of  the  air,  these  missiles  would 
then  continue  to  move  in  orhits  roiincl  the  sun,  crossing  at  each  revolu- 

tion the  point  of  the  earth's  track  from  which  they  were  originally 
discharged.  If  this  were  the  case,  then  doubtless  there  are  now 
myriads  of  these  projectiles  moving  through  the  solar  system,  the 
only  common  feature  of  their  orbits  being  that  they  all  intersect  the 

earth's  track.  It  will,  of  course,  now  and  then  happen  that  the  earth 
and  the  projectile  meet  at  the  point  of  crossing,  and  then  we  have  the 
phenomenon  of  the  descent  of  a  meteorite.  The  theoiy,  that  the 
meteorites  have  originated  in  the  earth,  was,  so  far  as  I  know,  first  put 
forward  by  Dr.  Phipson.  ILr.  J.  Lawrence  Smith,  in  a  letter  I  re- 

ceived from  him  some  months  ago,  inclines  to  the  same  view  as  at  aL 
events  one  of  the  probable  sources. 

It  is  well  to  note  here  the  great  diffierence  between  the  lunai 
theoiy  of  meteorites  and  the  terrestrial  theory.  Por  the  lunar  theory 
to  be  true  it  would  probably  be  necessary  that  the  lunar  volcanoes 
should  be  still  active.  In  the  terrestrial  theory  it  is  only  necessary  to 
suppose  that  the  volcanoes  on  the  earth  once  possessed  sufficient  ex- 

plosive energy.  No  one  supposes  that  the  volcanoes  on  the  earth  at 
present  eject  the  fragments  which  will  constitute  future  meteorites, 
but  it  seems  probable  that  the  earth  may  be  now  slowly  gathering 

back  in  these  quiet  times  the  fi'agments  she  ejected  in  an  early  stage 
of  her  history. 

Assuming,  therefore,  that  the  meteorites  have  had  a  quasi-\ olc^mo, 
origin  on  some  considerable  celestial  body,  I  am  led  to  agree  with 
those  who  believe  that  most  probably  that  body  is  the  earth. 
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XXXVIII. — Ajt  Easy  Mode  of  obtaining  the  complete  Dipfeeential 
Equations  of  Motion  of  an  Ocean  sueeounding  a  Solid  JSTijcleus, 
and  subject  to   ant   Distuebing   Foeces  (the   ISTtjcleus   itself 
EEVOLVING    ON    A    ElXED    Axis);    WITHOUT    CALCULATION   OE    TeANS- 

foemation  of  Co-oedinates  ;  feom  simple  Geometeical  and 
Mechanical  Peinciples.  By  the  Eev.  Samuel  Haughton, 
M.D.,  Dubl. ;  D.C.L.,  Oxon. 

[Eead  April  14,  1879.] 

The  complete  differential  equations  of  the  motion  of  the  sea  or 
atmosphere,  referred  to  polar  co-ordinates,  are  regarded,  justly,  as  one 
of  the  most  brilliant  results  that  we  owe  to  the  genius  of  Laplace  ; 

and  yet  they  are  found  to  be  a  "stumbling-block"  in  the  way  of 
young  mathematicians,  from  the  hideously  repulsive  form  in  which 
they  are  deduced,  by  transformation,  from  fixed  rectilinear  co- 

ordinates, by  Laplace  himself,  and  by  his  followers. 
Any  attempt,  therefore,  to  write  down  these  equations  at  sight, 

from  elementary  geometrical  and  mechanical  principles,  will  be  re- 
garded as  useful. 

According  to  the  self-evident  principle  of  D'Alembert,  all  prob- 
lems of  Dynamics  are  reducible  to  problems  of  Statics,  by  intro- 

ducing velocities  and  accelerating  forces,  equal  and  opposite  to  the 
existing  velocities  and  accelerating  forces. 

Now,  the  most  general  equations  of  equilibrium,  of  any  system, 
are  the  following,  six  in  number — 

X  =  0,     r  =  0,    Z  =  Q, 

Z  =  0,    Jf=  0,    i\r=  0,  (1) 

where  X,  Y,  Z,  are  the  sums  of  the  external  forces  resolved  along 
three  rectangular  axes  ;  and  Z,  M,  N,  are  the  sums  of  the  Couples  (or 
Twists)  of  those  forces  round  the  axes  of  X,  Y,  Z,  respectively. 

The  corresponding  dynamical  equations  are — 

_  d    (  (ly        (h\ 

^  -Tt  ['di-'^dtj  =  '' 
,_        d    I   dz         dx\ 

dt   \   dt        dt  I 
,^        d    I  dx        dy\ 
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These  equations  become,  in  the  case  of  an  incompressible  fluid — 

dp  cPx 

^  -  F  -  ̂   (Z\ 

dy~  ̂        dt^'  ^^^ 

d%  df 

where  f  is  the  common  pressure  of  the  fluid  (equal  in  all  directions) 
at  any  point  {x,  y,  z). 

It  will  be  noted,  that  the  last  three  equations  of  (2),  depending  on 
couples,  disappear;  because,  in  consequence  of  the  mobility  of  the 
particles  of  the  fluid,  mter  se,  internal  couples  or  twists  become 
impossible. 

The  Laplacian  equations  of  motion,  in  polar  co-ordinates,  are 
usually  deduced  from  (3),  by  transformation  of  the  co-ordinates,  from 
X,  y,  S-,  referred  to  fixed  axes,  where  the  axis  of  x  is  the  axis  of  rota- 

tion ;  that  of  y  an  axis  perpendicular  to  x,  and  fixed  in  space ;  and 

that  of  z,  an  axis  perpendicular  to  those  of  x,  y ;  to  r,  6',  (f)',  where  r 
is  the  radius  vector,  0'  is  the  north  polar  distance,  and  ̂ '  is  the 
angular  distance  from  the  plane  of  x,  y,  of  the  meridian  of  any 
moving  particle. 

Instead  of  referring  the  forces  to  fixed  co-ordinates,  I  refer  them 
to  the  following  moveable  rectangular  co-ordinates  : — 

Axis  of  x'. 
Let  H  denote  the  sum  of  the  forces  at  any  point,  acting  along  the 

radius  vector  [neyative  towards  the  centre,  and 2}ositive  from  it.) 

Axis  of  y'. 
Let  S  denote  the  sum  of  the  forces  at  any  point  acting  in  the 

meridional  moving  plane,  and  perpendicular  to  r  {positive  towards  the 
equator,  and  negative  towards  the  pole.) 

Axis  of  z . 

Let  T  denote  the  sum  of  the  forces  at  any  point  acting  perpendicu- 
larly to  the  two  former  directions,  or  in  the  direction  of  the  tangent 

to  the  small  circle  of  latitude  {negative  against  the  rotation,  and 
positive  with  it.) 

Let  r,  6',  ̂',  denote  the  polar  co-ordinates  in  their  most  general 
form.  The  alteration  in  pressure  produced  by  a  change  in  r  is  similar 

to  that  produced  by  a  change  in  x,  y,  z,  of  the  first  three  of  equa- 
tions (2)  (because  they  are  all  linear  magnitudes),  and  denotes  a.  force 

acting  to  or  from  the  centre  ;  but  the  alteration  in  pressure  produced 

by  a  change  in  angular  direction  by  a  change  in  0'  or  ̂ '  is  no  longer 
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a  force,  but  a  couple,   tending  to  turn  the  fluid  round  the  centre. 
Thus, 

-^  is  a,  force  acting  in  the  direction  of  the  radius  vector  ; or 

~i  is  a  couple,  acting  always  in  the  moving  meridional  plane,  and 

whose  axis  moves  perpendicular  to  that  plane  ; 

3^  is  a  couple,  acting  always  round  the  axis  of  rotation,  and 

parallel  to  the  equatorial  plane. 

It  is  evident  that  if  D'Alembert's  equations  (2)  are  satisfied — 

1°.  YoT forces  acting  along  the  radius  vector; 
2°.  For  couples  acting  in  the  meridional  plane  in  every  possible 

position  of  that  plane  ; 

3°.  For  couples  actiug  always  round  the  axis  of  rotation ; 

complete  Dynamical  Equilibrium  will  be  secured. 

"We  may  discount  all  the  mechanical  consequences  of  the  rotation by  introducing  the  centrifugal  force,  leaving  only  the  geometrical 
consequences  of  the  rotation,  in  the  problem. 

The  geometrical  effect  of  the  rotation  is  expressed  by  writing 

(ji'  =  nf  +  cf)', 

where  n  is  the  angular  velocity  of  the  earth's  rotation. 
The  components  of  the  velocity  of  any  particle  along  B,  S,  T, 

are — 

^  dO'  .     ,  /         d<h' 

The  centrifugal  force  affects  the  directions  H,  S,  only,  and  does 
not  enter  into  T. 

The  centrifugal  force  in  the  direction  of  H  is,  obviously, 

dt-   \  dt  ) 
r 

From  this,  and  from  the  first  three  equations  (2)  we  find,  at 
sight — 

dp      „      <?¥      rd6'^  .    _/         d<i>'\  ,,, 
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The  centrifugal  force  in  the  direction  of  *S'  is,  obviously, 

r  sin  6  cos  6^  I  n  +  -^  1  . 

The  sixth  of  equations  (2)    therefore  becomes,  remembering  that 

,dx'  du'  d& 
•^    dt  dt  df 

and  equating  couples  in  the  meridional  plane — 

If  we  now  equate  the  couples  in  the  equatorial  plane,  we  find, 
since 

dy        dz        ̂     .  .  ̂,[         d4'\ z  -f  -  w  —  =  r^  sm-  6'    n  +  -—], 
dt     -^  dt  \  dt  f 

The  three  equations  just  found  from  elementary  principles  are 
exact  equivalents  of  the  Laplacian  differential  equations,  which  are 

thus  expressed  by  Airy^ : — 

dr  r  '       r         r      2r     df        r  \dt 

dp  ̂    y-   -,       Yxy+Zx%      ±(^,(f^' 

r^  sin  9'  cos  0'  [  n  +  '^Y,        (B') 

f'^Zy  -  Yz-  2r  —  sm-  6'    «  +  -^ 
d(fi'        ̂   dt  \  dt 

-2.^.in.cos.'f(,„.f)-,^sin'.f.(C') 

1  "  Tides  and  "Waves,"  p.  264. 
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In  addition  to  the  foregoing  differential  equations  of  motion,  the 

geometrical  equation  called  the  "Equation  of  Continuity"  has  to  be found. 

I  here  give  it  by  means  of  an  investigation  more  general  and  more 
simple  than  that  used  by  Laplace  and  Airy. 

Let 

w  =  the  linear  velocity  in  the  direction  of  the  radius  vector ; 

V  =  the  angular  velocity  in  latitude  in  the  plane  of  the  moving 
meridian ; 

w  =  the  angular  velocity  in  longitude. 

If  we  imagine  a  prism  erected  on  a  trapezoidal  base  whose  four 
comers  are 

(!)•  e',^'-,  (2).  e'  +  de',<i>'; 

(3).  6',  <j>'  +  dcf>' ;  (4).  6'  +  dO',  ̂ '  +  dcj>'', 

the  sides  (1,  2)  and  (3,  4)  are  equal,  and  each  rd$' ;  but  the  sides 
(1,  3)  and  (2,  4)  are  not  equal;  the  first  being  r  sin  6'«?<jf)',  and  the 
second  being  r  sin  {6'  +  dd')  dcfi',  or 

r  (sin  6'  +  cos  6W)  dcf>'. 

If,  now,  z  denote  the  variable  depth  of  the  sea,  the  quantity  of 
water  passing  in  the  time  dt,  through  the  wall  of  the  prism  (1,  2),  will 
be 

z  X  rd6'  X  r  sin  6'wdt. 

The  quantity  of  water  passing  in  the  same  time  through  the  wall 
(3,  4)  wiU  be 

z+  —  d4>'\x  rdO'  X  r  sin  6'  iw  +  —,  dcfi'  \dt. 

The  difference  of  these  quantities  is 

r^  sin  6'  dO'  dt  [w^  +  z  ̂X^', \     dtp         d(p  J 
or, 

r' sin  6' dO' dcj>' dt^^.  (a) 

d(p 

The  quantity  of  water  flowing  in  the  time  dt  through  the  wall 
(1,  3)  is 

s  X  r  sin  6'  dcji'  x  rv  dt, 
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and  in  the  same  time  there  passes  through  the  wall  (2,  4)  the  quantity 

(.  4-  I  de)  X  rW  dt  X  (.  sin  6'  4-  ̂-^^^^dO' 
The  difference  of  these  quantities  is 

rHO'  dcj,'  dt  U  sin  6'  ̂,  +  zv  cos  6'  +  v  sin  6'  ̂\ 

which  is  equivalent  to 

r-  sin  6'  d6'  d4'  dt  I  ̂̂   +  vz  cot  6'\  (i) 

The  sum  of  («)  and  (b)  is  the  excess  of  inflow  or  outflow,  in  the 
time  dt,  through  the  four  walls  of  the  trapezoidal  prism.  Now,  as  the 
bottom  of  the  sea  is  fixed  and  allows  no  inflow  or  outflow,  the  sum  of 
(a)  and  (h)  must  be  equal  to  the  area  of  the  trapezoid,  multiplied  by 
the  rise  or  fall  of  the  surface  (taken  with  its  proper  sign). 

This  volume  will  be 

r^  sin  e'dd'dcji'  dt  x  u.  (c) 

Hence,  adding  (a),  (b),  and  {c)  together  (with  a  proper  sign  for  u), 
we  obtain 

d(wz)      d(vz)  ,  ̂,     ̂   ,-r^s 

This  is  Laplace's  famous  Equation  of  Continuity,  and  is  identical 
with  that  given  by  him  {Mec.  Cel.,  vol.  i.  p.  104),  when  the  notation 
is  changed  into  his  notation. 

Equation  (D)  may  be  thus  written  : — 

I  div       dv  ,  ̂\      (     dz  dz\      ̂  

The  second  part  of  this  equation  vanishes  when  the  sea  has  a  con- 
stant depth ;  in  which  case  the  Equation  of  Continuity  reduces  to  the 

form 

where  8  is  the  conetant  depth  of  the  sea. 
Every  conceivable  problem,  in  tidal  motion  and  oceanic  current 

circulation,  is  theoretically  solved  by  equations  A,  B,  C,  and  D ; 
and  the  only  further  difiiculties  are  practical,  arising  from  the  imper- 

fection of  our  mathematical  knowledge. 
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XXXIX. — On  a  Cylindrical  Mass  of  Basalt  existing  at  Contham 

Head,  Moon  Bay,  Coast  oe  Anteim.  By  Joseph  P.  O'Reilly, 
C.  E.,  Central  School  of  Paris ;  Professor  of  Mining  and  Mine- 

ralogy, Royal  College  of  Science  for  Ireland.    Plates  8  and  9. 

[Eead  May  12,  1879.] 

"When  engaged  in  studying  the  forms  of  columnar  basalt  at  the  Giant's Causeway,  I  had  occasion  to  observe  and  to  take  sketches  of  a  very 
remarkable  cylindrical  form  of  that  rock,  which  occurs  at  the  N.  W. 
point  of  Moon  Bay,  marked  Contham  Head  on  the  Ordnance  Map,  and 

situated  at  about  two  miles  distance  east  of  the  Giant's  Causeway. 
When  first  observed  by  me  in  1875,  I  was  quite  unable  to  explain 

its  origin  and  connexion  with  the  containing  rock ;  but  having  subse- 
quently revisited  the  locality,  for  its  further  examination,  and  the 

making  of  a  few  sketches,  I  was  enabled  to  arrive  at  certain  conclu- 
sions as  to  the  nature  and  origin  of  this  remarkable  form,  which  I  beg 

leave  to  submit  to  the  Academy. 
Contham  Head  is  a  small  promontory  or  spit  of  basaltic  rock,  ex- 

tending out  into  the  sea  about  250  feet,  its  breadth  at  the  water  level 
being  about  200  feet.  There  is  a  central  rib  rising  above  the  under- 

lying basalt  bed,  about  twenty  to  thirty  feet  at  most,  having  a  length 
of  about  150  feet,  and  a  breadth  of  about  fifty  feet. 

This  low,  narrow,  and  relatively  short  promontory  is  only  acces- 
sible from  the  cliffs  by  a  narrow  and  precipitate  pathway,  used  prin- 

cipally by  the  kelp-gatherers,  but  decidedly  uninviting  for  those  not 
accustomed  to  such  ground.  Such  a  point,  quite  out  of  the  usual 
track  of  tourists,  is  but  rarely  visited,  and  I  should  not  have  had  any 
knowledge  of  it  had  I  not  chanced  to  observe  the  remarkable  cylin- 

drical form  when  passing  quite  close  to  the  shore  in  a  boat,  catching 
thus  the  bold  outline  presented  by  the  eastern  side  of  the  rock  form. 

The  cylindrical  mass,  known  among  the  boatmen  as  the  "  mill- 

stone,'''' occurs  at  the  point  of  the  promontory  where  the  narrow  spit 
joins  the  mainland.  It  here  extends  across  the  spit  in  an  E.-W.  di- 

rection, having  a  horizontal  length  of  about  fifty  to  sixty  feet. 
The  section  is  not  quite  circular,  being  rather  oval.  The  greater 

diameter,  the  horizontal  one,  is  about  twenty-four  to  twenty-five  feet, 
and  the  vertical  one  about  eighteen  to  twenty  feet.  It  presents  a 
series  of  apparently  concentric  joints,  irregularly  distributed  as  regards 
distance  from  the  centre,  and  is  furthermore  broken  up  by  radial  joint- 

ing, also  irregularly  placed,  and  giving  rise  to  blocks  of  forms  very  simi- 
lar to  those  observable  at  the  Causeway.  The  mass  rests  upon  and  is 

partially  enclosed  by  an  amygdaloidal  basalt  of  the  rich  violet  colour  so 
remarkable  in  many  of  the  beds  along  the  coast,  and  characterized  by 
the  presence  of  masses  of  scarlet  jasper  wherever  in  contact  with  the 
sea  water.     This  amygdaloidal  basalt  is  much  corroded,  and  is  being 
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eaten  away  by  the  sea  and  atmospheric  action,  while  the  cylindrical 
mass  seems  to  be  of  a  much  more  durable  material,  and  therefore  to 

resist  miich  better  those  corroding  agents,  although  so  extremely  ex- 
posed by  its  advanced  position. 

Spherical  and  cylindrical  forms  in  basalts  and  trachytes  have  been 
observed  and  described  already.  The  cylindrical  form,  however,  is 
the  less  frequent  and  less  generally  known.  The  spherical  form  has 
generally  been  explained  to  be  due  to  hydration  of  the  rock  from  the 
outside  inwards,  with  consequent  softening  and  final  disintegration. 
The  onion-shaped  masses  which  occur  in  so  many  places  about  the 
Causeway  and  the  coast  afford  excellent  examples  of  this  action. 

The  cylindrical  form  has  not  as  yet  been  equally  clearly  accounted 
for.  The  only  information  or  observation  that  I  have  met  with  rela- 

tive to  this  form  is  contained  in  the  remarkable  Paper  by  Eegnault, 
published  in  the  Anncdes  des  Mines  for  1832  (3rd  series,  vol.  ii.,  p.  361.) 

It  is  entitled,  "  Sur  les  formations  volcaniques  du  bord  du  Ehin, 
par  M.  Jean  Regnault,  Ingenieur  des  Mines."  Speaking  of  the 
Wolkenberg,  he  says  : — "  Au  milieu  de  la  masse,  ou  trouve  de  vastes 
colonnes  verticales  de  50  a  60  pieds  d'elevation  qu'on  ne  saurait 
mieux  comparer  qu'  a  des  troncs  d'arbres ;  le  trachyte  se  delite  en 
feuillets  minces  et  contournes,  autour  de  I'arbre,  comme  une  veritable 
ecorce  ;  a  I'instant  ou  nous  avons  visite  la  carriere,  trois  de  ces  colonnes 
tres  distinctement  degagees  a  moitie,  s'elevent  sur  toute  la  hauteur 
de  I'escarpement." 

Page  370.  He  mentions  a  lode  or  dyke  of  basalt : — "  ayant  sur  les 
bords  toute  I'apparence  de  trachyte." 

Page  371.  "  Vers  lalimite  septentrionale  du  Siebengebirge  on  ren- 
contre une  grande  formation  de  basalte  courant  a  peu  pres  parallele- 

ment  au  Rhin,  et  qui  forme  une  crete  de  pres  d'une  lieue  de  longueur, 
son  etendue  et  sa  direction  offrent  quelques  rapports  avec  les  filons  de 

basalte,  N".  et  N.  E." He  describes  the  form  of  the  Langenberg,  and  states  that  the 

basalt,  "  est  tres  dur,  tres  resistant,  frequemment  caverneux,  avec 
geodes  de  calcite  et  arragonite."  He  continues: — "  Mais  la  disposi- 

tion generale  qu'il  affecte  offre  une  singularite,  dont  on  ne  trouverait, 
je  erois,  que  peu  d'exemples;  tout  le  Langenberg  n'est  qu'un  fragment 
d'une  vaste  boule  qui  se  delite  concentriquement  par  rapport  a  un 
noyau  globulaire,  qu'on  voit  dans  une  carriere  situeepres  d'Obercassel. 
La  carriere  offre  ce  noyau  avec  toutes  ses  enveloppes  sur  une  hauteur 
de  plus  de  100  pieds,  et  audessus  et  audessous  dans  la  montagne  et  la- 
teralement  a  de  grandes  distances,  on  voit  les  strates  de  basalte  pre- 

senter la  meme  connexion  autour  du  centre  commun;  ce  centre  n' a 
avec  la  forme  generale,  aucun  rapport  geometrique.  II  n'est  pas 
inutile  de  f  aire  remarquer  que  la  courbure  n'est  pas  celle  d'une  sphere, 
mais  celle  d'un  ellipsoide  aplati." 

Page  387.  He  discusses  the  probable  existence  of  transitions  or  pas- 
sages between  the  lavas,  the  basalts,  the  trachytes,  and  even  the 

porphyries. 
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It  is  to  be  remarked,  that  of  the  two  examples  thus  described,  the 

one  is  a  vertical  form  in  a  trachyte  rock,  whilst  the  other  is  a  hori- 
zontal form  in  a  basalt ;  moreover,  its  direction  is  connected  with 

that  of  the  basalt  dykes  of  the  district. 
M.  Eegnaiilt  attributes  the  cause  of  the  forms  to  alterations  of 

the  rock  mass,  with  accompanying  exfoliation,  but  does  not  exa- 
mine the  question  whether  the  rock  was  or  was  not  originally  homo- 

geneous, and  how  far  the  absence  of  homogeneity  in  the  basaltic  and 
trachytic  masses,  and  the  consequent  different  rates  of  cooling  and 
solidification  which  must  have  depended  on  that  absence  of  homo- 

geneity, induced  subsequent  jointing  along  certain  lines. 
]^ow,  no  mass  of  molten  or  fluid  matter  when  in  movement,  and 

in  contact  with  bodies  differing  from  it  in  temperature  and  in  com- 
position, can  remain  quite  homogeneous  or  have  all  its  parts  equally 

warm,  and  therefore,  so  long  as  it  remains  fluid  and  in  movement, 
there  must  be  a  tendency  to  the  formation  of  a  more  or  less  regularly 
banded  structure,  which  would  guide  and  even  assist  subsequent  alte- 

ration of  the  rock,  particularly  by  the  action  of  water. 
It  is  upon  these  considerations  that  I  propose  to  base  an  explana- 

tion of  the  cylindrical  form  in  question. 
When  columnar  basalt  is  carefully  examined  on  the  cross  section, 

lines  or  bands  of  structure  may  be  frequently  observed,  generally 
parallel  to  the  sides  of  the  block,  but  not  unfrequently  whorl-shaped 
or  wavy.  This  structure  may  be  mainly  clue  to  hydration,  but  it  may 
also  be  connected  with  the  original  fluid  state  of  the  mass,  and  with 
the  relative  rates  of  solidification  of  the  different  parts.  We  have  as 
an  example  the  flow-lines  in  large  masses  of  cut  glass. 

As  regards  the  basalt  of  the  north  of  Ireland,  we  have  every  reason 
to  assume  that  they  came  up  to  surface  in  the  joints  resulting  from 
previous  dislocation,  and  thence  spread  into  and  on  the  adjacent  rocks. 
Those  joints  traverse  rocks  of  various  constitutions,  representing  lavic, 

crystalline,  and  sedimentary  series.  These  rocks  vary  amongst  them- 
selves, as  regards  thickness,  constitution,  and  states  of  aggregation. 

They  were  differently  affected  by  the  force  having  produced  the  joint ; 
and  it  is  but  reasonable  to  assume  that  the  joint  varied  in  outline  ac- 

cording to  the  nature  of  the  rocks  traversed. 
When,  therefore,  the  basaltic  dyke  mass  was  fluid  and  in  movement, 

it  was  continuously  in  contact  with  those  containing  rocks,  and  was 
acted  upon  by  them  in  three  ways  : — 

1 .  By  the  cooling  of  the  basaltic  fluid,  from  the  sides  towards  the 
central  axis,  and  the  consequent  tendency  to  banded  structure  thus 
induced. 

2.  By  the  mechanical  derangement  of  the  conditions  of  regular 
flow,  wherever  an  enlargement  or  a  contraction  occurred  in  the  sec- 

tion of  the  joint,  and  by  the  retardation  of  the  flow  along  the  walls. 
3.  By  the  chemical  reactions  taking  place  between  the  fluid  mass 

and  such  beds  as  were  capable  of  being  acted  upon. 
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If  the  breadth,  of  the  joint  remained  quite  ■unifonn  and  unacted 
upon,  the  only  action  of  the  walls  on  the  fluid  mass  would  be  that  of 
reducing  the  temperature  (wherever  that  temperature  had  not  already 
attained  that  of  the  basalt).  The  differences  of  temperature  thus  pro- 

duced should  give  rise  to  banding  more  or  less  defined  and  regular. 
^VTiere,  however,  the  section  of  joint  presented  an  enlargement  or  a 
contraction,  there  not  merely  banding,  but  the  formation  of  whorls, 
must  have  to  some  extent  resulted,  the  fluid  mass  continuing  in  move- 

ment. "Where  the  enlargement  or  contraction  was  very  marked  and sudden,  then  such  whorls  would  have  been  most  likely  to  be  formed,  and 
should,  if  formed,  present  a  direction  parallel  to  the  intersection  of 
the  joint  with  the  direction  of  the  bedding.  As,  however,  banding  is 
assumed  to  have  been  going  on  simultaneously,  the  whorl  should  pre- 

sent, when  solidified,  lines  indicative  of  that  banding,  the  final  cooling 
and  solidification  giving  rise  to  the  radial  jointing.  Those  whorls 
would  have  tended  to  increase  in  diameter  or  number  of  bands  with 

the  persistence  of  the  flow,  and,  moreover,  would  tend  to  uplift  the 
strata  or  beds  traversed  by  the  joint,  and  at  least  to  open  the  planes 
of  bedding  limiting  such  beds.  Injection  of  the  fluid  basalt  into 
those  planes  of  bedding  would  thus  be  set  up,  and  might  continue, 
according  to  the  conditions  of  pressure  and  of  fluidity.  There  would 
thus  be  established  a  connexion  between  the  dykes,  their  direction, 
the  whorls,  and  the  intercalation  of  beds  of  basalt  between  tfie  pre- 

viously existing  beds  traversed  by  the  joint.  Such  a  connexion  is  to 
some  extent  implied  by  the  description  given  by  Eegnault  of  the  Rhine 
basalt  mass  of  Langenberg.  It  really  exists  in  the  case  which  I  am 
discussing,  since  the  direction  of  the  cylindrical  mass  is  that  of  the 
coast  line,  itself  dependent  on  the  jointing  of  the  country. 

There  is  a  further  and  very  interesting  consideration  in  connexion 
with  this  whorl  form,  if  it  be  admitted  to  have  been  formed  as  sug- 

gested. It  is  that  of  the  temperature  and  of  the  correlative  depth 
from  surface  at  which  the  whorl  was  formed.  Admitting  for  the  fluid 
basalt  a  very  slow  movement,  it  is  quite  clear  that  the  formation  of  the 
whorl  would  be  equally  slow,  and  even  might  be  slower,  and  that  the 
cooling  should  have  been  veiy  slow  indeed  to  allow  of  the  continuous 
formation  of  one  of  those  cyLLndrical  masses.  Such  a  condition  of 
temperature  would  best  be  satisfied  by  the  action  having  taken  place 
at  a  relatively  great  depth,  that  is  to  say,  a  depth  corresponding  to 

that  at  which  basalt  melts,  which  may  be  taken  at  700°  or  800°  C.  at 
least.  Or,  by  supposing  that  the  fluid  mass  had  remained  in  the 
joint  such  a  length  of  time  as  to  communicate  to  the  sides  an  amount 
of  heat  sufiicient  to  allow  of  a  continuous  movement  in  the  mass  with- 

out rapid  cooling  and  solidification  ensuing.  In  any  case  a  certain 

depth  from  surface  may  be  assumed  as  ha^-ing  been  one  of  the  condi- 
tions attending  the  formation  of  the  cyhncbical  mass  in  question. 

That  the  coast  of  Antrim  has  at  some  time  been  under  the  present 
level  is  sufiiciently  proved  by  the  geological  strata  existing  there. 
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That  there  have  been  many  oscillatory  vertical  movements  is  more 
than  probable,  and  every  fact  tending  to  prove  those  oscillations  is  of 
interest  geologically. 

I  naturally  sought  for  further  confirmation  of  my  views  as  regards 
the  mode  of  formation  of  those  cylindrical  forms  and  their  connexion 
Avith  the  basalt  dykes,  and  I  am  under  the  impression  that  the  bold 
mass  of  rock  which  rises  from  the  sea  at  the  entrance  of  Portroon 

Creek,  half  a  mile  west  of  the  Giant's  Causeway,  and  which  I  have 
sketched,  affords  such  a  confirmation.  The  dyke  is  perfectly  distinct, 
Avith  its  transverse  columnar  formation,  and  presents,  in  my  opinion, 
a  whorl  or  cylindrical  mass  immediately  in  connexion  with  it.  The 
distinctness  of  the  form  is  not,  however,  so  evident  as  to  allow  of  my 
comparing  it  with  the  mass  at  Contham  Head,  but  merits,  however, 
being  recorded  as  a  term  of  comparison. 
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XL.   J^OTES    OF    SOiEE    OBSEEyATIO>'S    OX    jS'lTEIFICATION .      By   EdITCXD 
"W.  Datx,  a.  M.,  M.  D.,  Professor  of  Forensic  Medicine,   Eoyal t    College  of  Surgeons,  Ireland,  etc. 

[Eead,  May  12,  1879.] 

A  GOOD  deal  of  attention,  on  the  part  of  chemists,  has  of  late  been 
given  to  the  subject  of  nitrification,  or  the  formation  of  nitrites  and 
nitrates  under  different  circumstances.  This  has  arisen,  in  a  great 

measure,  from  the  observations  of  MM.  Schloesing  and  Miintz,^ 
■vrhich  "were  laid  before  the  Academy  of  Prance  about  tTvo  years  ago. 
From  the  researches  of  those  gentlemen,  they  arrived  at  the  conclu- 

sion that  nitrification  was  due  to  an  organised  ferment,  and  that  it  was 
probably  the  office  of  some  of  the  low  forms  of  vegetable  life  to  produce 
those  oxides  of  nitrogen  under  different  circumstances.  And  the  sub- 

sequent investigations  of  "Wamngton,  Storer,  and  of  other  chemists, would  appear  to  go  far  to  confirm  the  correctness  of  their  theory  of 
nitiification,  at  least  under  the  conditions  in  which  their  experiments 
were  made.  Though  there  exists,  no  doubt  in  many  cases,  an  inti- 

mate relation  between  the  formation  of  nitrites  and  nitrates,  and  the 

development  of  certain  organized  germs,  still  as  far  as  my  observa- 
tions go,  I  do  not  think  that  there  is  sufficient  proof  to  show  that 

their  development  in  such  instances  is  the  cause  of  nitrification,  and 

not,  rather,  one  of  the  cii'cumstances  attendant  on  that  process. 
My  experiments,  however,  were  made  not  with  a  view  to  deter- 

mine that  question,  but  in  reference  to  the  detection  of  animal  im- 
purities in  potable  waters,  and  to  ascertain  the  circumstances  which 

were  favourable  or  otherwise  to  the  formation  of  nitrites  and  nitrates 

in  waters  which  were  so  polluted,  as  the  presence  of  such  salts  is 
generally  regarded  as  indicating  previous  sewage  contamination,  and 
the  drinking  of  water  with  such  pollution  is  not  only  injurious  to  the 
health  of  those  who  thus  employ  it,  but  there  exist  strong  grounds 
for  the  opinion  which  is  now  very  generally  entertained,  that  such 
water  frequently  becomes  the  means  of  conveying  the  germs  of  cer- 

tain formidable  diseases,  especially  those  of  typhoid  fever  and  cholera, 

fi'om  its  containing  the  fecal  and  other  emanations  of  individuals 
labouring  under  those  maladies,  and  thus  disease  and  death  are  often 
insidiously  brought  into  many  homes  when  such  diseases  are  prevalent 
in  different  localities. 

Besides,  as  the  formation  or  production  of  nitrates  is  one  of  great 

industrial  and  agricultui-al  importance,  any  facts  which  might  directly 
or  indirectly  enable  us  to  facilitate  or  hasten  that  process  would  be  of 
much  practical  value. 

1  "  Comptes  Eendus,"  Ixsxiv.  301. 
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As  human  urine  and  feculent  matters  may  justly  be  regarded  as 
tlie  most  offensive  and  dangerous  ingredients  of  sewage  in  general, 
my  experiments  have  been  confined  to  those  matters,  and  were 
principally  made  on  urine,  which,  from  its  containing  different  nitro- 

genous substances,  readily  susceptible  of  decomposition,  is  peculiarly 
suited  for  the  study  of  the  nitrification  of  animal  matters.  By  mix- 

ing this  liquid  with  various  proportions  of  water,  and  placing  the 
mixtures  under  different  circumstances,  I  have  endeavoured  to  ascer- 

tain those  that  were  favourable  or  otherwise  to  their  nitrification  ; 
and  to  determine  some  points  connected  with  that  process  which 
required  further  investigation.  I  should  here  observe  that  in  detect' 
ing  the  occurrence  of  nitrification  I  have  principally  used  the  well- 
known  test  of  Price  for  nitrites,  which  consists  in  adding  to  the  water 
or  mixture  a  thin  solution  of  starch,  containing  a  little  iodide  of 
potassium,  and  acidifying  with  diluted  sulphuric  acid,  when  a  blue 
reaction  from  the  liberated  iodine  will  be  immediately  produced, 
should  a  very  minute  quantity  of  a  nitrite  be  present.  And  as  there 
is  every  reason  to  suppose  that  the  production  of  nitrites  precedes 
that  of  nitrates  in  the  nitrification  of  organic  matters  in  solution,  and 
the  detection  of  the  former  is  much  more  easily  effected  than  the 
latter,  at  least  under  the  conditions  existing  in  my  experiments, 
I  was  satisfied  in  most  cases  to  obtain  the  evidence  of  the  formation  of 

nitrites  by  the  employment  of  the  test  to  which  I  have  just  re- 
ferred. 

The  experiments  of  Warrington-  have  led  him  to  conclude  that 
darkness  is  an  essential  condition  to  the  development  of  those  low 
forms  of  vegetable  life,  which  are  supposed  in  many  instances  to  give 
rise  to  nitrification. 

This  is  a  question  which  it  is  difficult  to  determine  decisively 
one  way  or  the  other,  owing  to  the  impossibility  of  having  with  us 
continuous  daylight  to  operate  with.  Still  I  think  we  may  arrive  at 
an  approximative  conclusion  on  this  point,  by  making  comparative 
experiments  on  similar  mixtures,  kept  altogether  excluded  from  the 
light,  and  on  those  exposed  to  its  full  influence,  and  then  determin- 

'  ing  the  amount  of  nitrification  which  had  taken  place  in  each,  after  a 
given  time  ;  and  if  darkness  be  so  essential  to  that  process,  we  should 
naturally  expect  that  in  the  mixtures  exposed  to  its  continuous  influ- 

ence there  would  be  an  earlier  and  a  greater  development  of  nitrifica- 
tion, than  in  those  which  had  been  placed  under  it  for  about  one-third 

or  one-half  the  time,  each  day  of  twenty-four  hours. 
From  the  results  of  several  comparative  experiments  made  in  this 

way,  I  have  come  to  the  conclusion  that  the  conditions  of  light  or 
darkness  exercise  but  little  influence  one  way  or  the  other  in  this 
process,  at  least  under  the  circumstances  existing  in  my  experiments, 

-  "Journal  of  the  Chemical  Society,"  Janiiary  1878. 
K.I.  A.  pace,  SEE.  II.,  VOL.  III. — SCIENCE. 
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whicii  consisted  in  placing  different  portions  of  the  same  mixtures  in 
similar  bottles,  some  of  which,  were  surrounded  with  black  cloth  or 
velvet  to  exclude  light,  whilst  others  were  left  uncovered,  and  all  of 
them  were  suffered  to  remain  open  or  uncorked.  On  examination 

after  a  few  days  there  was  but  little  difference  as  to  the  amount  ̂   of 
nitrification  that  had  taken  place  in  each —  indeed  in  some  of  my  ex- 

periments it  had  progressed  to  a  greater  extent  in  the  uncovered  than 
in  the  covered  bottles ;  and  in  all  made  on  this  subject  (except  those 
to  determine  this  point  as  to  the  necessity  or  not  of  darkness), 
the  mixtures  were  left  exposed  to  the  light,  and  some  to  the  full 

influence  of  strong  sunshine,  yet  still  a  considerable  amount  of  nitrifi- 
cation took  place  in  each.  Besides,  in  nature  much  of  the  nitrates 

Avhich.  occur  in  the  surface  soils  of  different  localities  must  have  been 

formed  under  the  influence  of  more  or  less  daylight;  all  of  which 
facts,  I  conceive,  are  more  or  less  opposed  to  the  necessity  of  darkness 
in  this  process. 

Another  point  which  has  not,  I  believe,  been  clearly  established, 
at  least  as  regards  nitriflcation  occurring  in  water  containing  organic 
matters,  is  the  necessity  of  having  a  certain  amount  of  air  or  free 
oxygen  to  carry  on  the  process  ;  this  I  have  proved  in  the  following 
very  simple  manner: — To  water  which  had  been  kept  boiling  for  some 
time  to  expel  its  contained  air,  I  added  a  small  quantity  of  freshly 
voided  urine  (the  proportion  employed  being  about  one  part  of  urine 
to  sixteen  parts  of  water,  such  a  mixture  having  been  proved  to  be 
very  suitable  for  nitrification),  and  then  repeated  the  boiling  to  ensure 
the  removal,  as  far  as  possible,  of  any  dissolved  air.  Several  bottles 
which  had  been  kept  immersed  in  the  boiling  mixture  were  then 

filled  completely  with  it,  corked,  and  sealed  with  sealing-wax,  to 
prevent  the  access  of  air.  Some,  however,  of  them  containing  this 
mixture  were  left  open  for  comparison.  After  leaving  the  bottles  for 
a  day  or  two  in  the  same  place,  I  first  examined  the  open  ones  for 
nitrites,  and  when  the  test  indicated  the  abundant  formation  of  those 
salts,  I  opened  one  of  those  sealed,  when  not  a  trace  of  nitrites  was 
discoverable  in  its  contents;  the  remaining  sealed  ones  were  opened  at 

different  periods  subsequently,  with  the  same  results.  Other  compa- 
rative experiments  were  made,  where  the  temperature  of  the  mixtures 

was  artificially  kept  at  a  heat  very  favourable  to  nitrification,  but,  in 
every  instance  whore  the  access  of  air  had  been  excluded,  no  trace  of 

nitrites  could  be  detected — clearly  proving  the  necessity  of  more  or 
less  air  or  free  oxygen  for  their  formation.  But  the  amount  neces- 

sary to  commence,  at  least,  the  process  is  small,  for  I  found  where 

^  In  ascertaining  the  amount  of  nitrification,  the  indigo  process  as  described  by 
Sutton  in  his  "  Volumetric  Analysis  "  was  employed,  wMch  served  for  the  deter- 

mination of  the  nitrites  and  nitrates  collectively ;  and  though  it  may  not  be  quite  so 
accurate  as  some  other  methods,  Avas  sufficiently  so  for  this  pui-pose,  as  it  Avas  only 
the  comparative  amounts  of  nitrites  and  nitrates  formed  under  the  different  circiyii- 
stances  of  the  experiments  that  I  wanted  to  determine. 
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the  mixture  had  not  been  boiled  previously  to  the  complete  filling, 
corking,  and  sealing  of  the  bottles,  that  the  air  dissolved  in  the 
liquid  was  sufficient  to  cause  the  production  of  nitrites  to  some 
extent. 

The  quantity  of  animal  matter  which  is  held  in  solution  in  the 
water,  I  find  exercises  a  considerable  influence  over  nitrification ;  for 
where  it  occurs  in  very  large  proportion,  there  the  process  either  does 
not  take  place  at  all,  or  is  carried  on  much  slower  than  in  the  more 
dilute  solutions.  This  I  have  proved  by  comparative  experiments 
with  water  mixed  with  different  proportions  of  the  same  sample  of 
urine,  or  of  solution  of  excrementitious  matter,  where  I  found  that 
nitrification  occurred  first  in  the  more  dilute  mixtures  ;  and  that  where 
there  was  much  organic  matter  present,  that  the  nitrites  which  might 
ultimately  be  formed  soon  afterwards  disappeared  again  by  their 
subsequent  change  or  decomposition,  whereas  those  that  had  been 
produced  in  more  dilute  solutions  have  remained  unchanged  for  a 
considerable  time. 

But  the  circumstance  which  I  have  found  to  exercise  the  greatest 
influence  over  nitrification  is  that  of  temperature ;  for  I  have  observed 
that  in  cold  weather  it  is  very  slow  in  taking  place,  whilst  in  warm 
it  is  much  quicker,  and  that  by  the  application  of  artificial  heat  the 
process  can  be  greatly  accelerated.  The  correctness  of  this  observa- 

tion is  borne  out  by  the  well-known  fact,  that  it  is  from  the  soils  of 
different  hot  climates  that  we  obtain  our  chief  supply  of  nitrates. 

As  to  what  may  be  the  most  favourable  temperature  for  this  pro- 
cess, I  have  not  yet  been  able  to  determine,  owing  to  the  difficulty,  as 

I  am  circumstanced,  in  maintaining  continuously  the  same  degree  of 
artificial  heat ;  but  I  have  found  that  where  the  mixtures  were  placed 

where  they  were  kept  at  a  temperature  which  varied  from  about  70° 
to  80°  F.,  that  there,  the  process  was  carried  on  very  quickly,  and 
that  nitrites  were  soon  abundantly  formed,  whereas  in  similar  mix- 

tures maintained  at  lower  degrees  of  heat,  or  at  the  ordinary  tempera- 
ture, not  a  trace  of  those  salts  could  be  detected  in  the  same  time, 

and  that  their  presence  was  not  discoverable  till  after  a  much  longer 
period. 

The  foregoing  observations  have,  I  conceive,  some  important  bear- 
ings as  regards  the  contamination  of  water  with  sewage,  and  the  evi- 

dence of  such,  derivable  from  the.  occurrence  in  it  of  nitrites  and 
nitrates.  For  though  the  presence  of  those  salts  is  undoubtedly  in 
many  instances  an  indication  of  previous  sewage  pollution,  still  their 
absence,  taken  by  itself,  cannot  be  relied  on  as  a  sure  indication  of  the 
freedom  of  the  water  from  such  contamination.  For  the  circum- 

stances present  may  have  either  been  unfavourable  to  the  formation, 
of  nitrites  and  nitrates,  or  have  produced  their  subsequent  rapid  dis- 

appearance— thus,  for  instance,  the  lowness  of  the  temperature  of  the 
water  may  have  prevented  their  formation,  or  the  quantity  of  organic 
matter  present  may  have  interfered  with  their  development,  or  have 
led  to  their  subsequent  change  and  disappearance.      Such,  amongst 
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other  circumstances  influencing  the  presence  of  those  salts  in  ■\7ater 
containing  animal  matters,  will  at  once  be  evident ;  and  their  absence, 
unless  accompanied  by  other  indications  of  purity,  cannot  be  relied  on 
as  a  proof  of  the  freeclom  from  such  contamination. 

Before  I  conclude,  I  wish  to  call  attention  to  another  fact,  which 
I  have  noticed  in  connexion  with  this  subject,  viz.,  the  rapidity  with 
which  nitrites  are  sometimes  formed  in  waters  contaminated  with 

sewage  impurities.  This  is  a  subject  of  considerable  importance  in 
an  analytical  point  of  view,  as  I  shall  endeavour  briefly  to  explain. 

It  is  well  known  by  those  who  have  analysed  potable  waters,  that 
the  method  which  chemists  now  principally  employ  to  ascertain  their 
purity  or  otherwise  is  to  determine  the  C[uantity  of  ammonia  a  given 
amount  of  the  water  will  yield  on  distillation,  both  before  and  after 
the  addition  of  a  strongly  alkaline  solution  of  permanganate  of  potash. 
The  first  obtained  is  termed  the  free,  and  the  second  the  albuminoid 
ammonia.  The  fonner  is  regarded  as  the  representative  of  the  nitro- 

genous organic  matters  previously  existing  in  the  water,  which  have 
undergone  more  or  less  decomposition,  whilst  the  latter  is  produced 
by  the  action  of  the  alkaline  permanganate  on  those  substances  still 
present  in  the  water.  Consequently,  the  less  of  each  that  is  furnished 
by  a  sample  of  water  when  so  treated,  the  purer  organically  is  it  re- 

garded, and  the  safer,  other  circumstances  being  similar,  would  it  be 

for  potable  pui'poses.  When  lately  analysing  a  sample  of  water  that 
had  been  contaminated  with  sewage,  to  ascertain  the  amount  of  such 

pollution,  which  was  afterwards  the  subject  of  an  important  legal  in- 
quiry, in  my  fir'st  trial  I  found  that  the  water  yielded  a  quantity  of 

free  ammonia  which  was  ec[uivalent  to  0.970  parts  of  a  grain  per 
gallon,  but,  on  repeating  the  detennination  a  few  days  afterwards, 
it  was  discovered  that  it  had  fallen  to  0.186  parts  of  a  grain 
for  the  same  quantity  of  water,  or  to  less  than  one-fiith  of  the 
former  amount  ;  whereas  the  quantity  of  albuminoid  ammonia 
yielded  had  slightly  increased.  This  result  as  to  the  great  de- 

crease of  free  ammonia,  which  at  first  rather  surprised  me,  I 
ascertained  was  due  to  the  formation  of  nitrites,  which  had  been 
developed  to  a  large  extent,  in  so  short  a  time,  at  the  expense  of 
the  free  ammonia.  Such  being  the  case,  if  the  water  had  not  been 

examined  till  the  date  of  the  second  analysis,  and  if  the  niti'ites  had 
not  been  taken  into  account,  this  water  would  have  been  regarded  as 

containing  much  less  fi'ee  ammonia  than  it  did,  and  consequently 
that  the  previous  sewage  contamination  was  less  than  it  really  was ; 
this  point  is  therefore  one  of  some  analytical  importance. 

It  is  right  for  me  to  observe,  in  connexion  with  this  latter  fact,  of 

the  decrease  of  fi-ee  ammonia  in  waters  by  keeping,  that  long  after  I 
had  made  that  observation  I  met  with,  in  the  Chemical  News  for 
March  2nd,  1877,  a  letter  wiitten  by  Professor  Pattison  Muir  of 

Owen's  College,  in  which  he  calls  the  attention  of  chemists  to  some 
observations  his  brother  had  just  made  in  the  laboratory  of  the  Uni- 

versity at  Sydney,  in  which  he  had  noticed  that  the  amount  of  fi-ee 
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and  of  albuminoid  ammonia,  as  determined  by  "Wanklyn's  process, varied  very  considerably  with  the  time  the  sample  of  water  had  been 
kept ;  but  neither  of  those  gentlemen  has  offered  (in  the  letter  re- 

ferred to)  any  explanation  of  the  fact,  further  than  that  Professor 
P.  Muir  throws  out  the  suggestion,  in  the  case  of  the  increase  by  keep- 

ing of  the  albuminoid  ammonia,  that  possibly  it  might  have  been 
owing  to  the  germs  which  have  escaped  decomposition  by  the  per- 

manganate, undergoing  a  gradual  decomposition  in  the  water,  and  that 
ammonia  is  one  of  the  products  of  this  process.  Be  this  as  it  may,  I 
have  satisfied  myself  that  the  loss  of  free  ammonia  is  often  due  to  the 
formation  of  nitrites  or  nitrates,  which  are  very  rapidly  formed  under 
different  circumstances.  And  as  regards  albuminoid  ammonia,  the 
very  slight  increase  which  I  observed  in  my  experiment  was,  I 
thought,  very  easily  accounted  for  by  my  having  in  the  second  deter- 

mination carried  on  the  process  of  distillation  somewhat  further  than 
in  the  first  trial,  and  in  this  way  the  amount  might  be  very  naturally 
increased. 

Finally,  my  observations  that  nitrification  is  greatly  promoted  by 
warmth  might,  I  conceive,  admit  of  some  practical  application  in  the 
manufacture  of  the  nitrate  of  potash  in  the  artificial  nitre  beds, 
especially  in  those  of  cold  countries ;  and  I  am  not  aware  that  heat 
has  hitherto  been  anywhere  artificially  applied  to  hasten  or  promote 
that  important  manufacture. 
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XLI, — Ox  Eecext  Eeseaeches  eespecxdj-g  the  Mixmuir  Visible  ix 
THE  lIlCEOSCOPE.  By  C.  E.  BUEIOX. 

[Eead,  May  26,  1879.] 
IxvESTiGATioxs  for  the  cleterraination  of  the  magnitude  referred  to  in 
the  title  of  this  paper  have  been  recently  made  by  Dr.  Eoyston  Pigott, 
and  by  Professor  Abbe  of  Jena.  Dr.  Pigott  has  accumulated  a  num- 

ber of  data  relating  to  the  separability  of  details  in  the  images  of 
distant  objects  formed  by  any  combination  of  lenses  which  is  both 

aplanatic  and  achi'omatic  for  the  conjugate  focal  distances  employed, 
and  also  of  short  focus,  when  those  images  are  viewed  by  a  similarly 
corrected  compound  microscope,  the  optic  axes  of  both  systems  being 
carefully  adju.5tcd  to  coincidence. 

It  is  plain  that  if  we  assume  that  the  light  proceeding  fi'om  the 
distant  object  to  the  focus  of  the  image  forming  combination,  which 
combination  we  will  designate  as  A,  pursues  its  course  in  strict 
accordance  with  the  law  of  refraction,  and  with  it  alone,  that  we  can 
very  readily  detemiine  the  linear  magnitude  of  any  detail  in  the  image 

found  by  A,  fi'om  the  magnitude  of  the  corresponding  detail  in  the 
object  used  (meshes  of  gauze,  window  bars,  &c.),  the  rate  of  object  to 
image  being  equal  to  the  ratio  of  the  corresponding  conjugate  focal 
distances  respectively.  Dr.  Pigott  has  published  measurements  which, 
upon  the  assumption  just  stated,  would  prove  that  linear  magnitudes 
of  less  than  totjto-o  o-th  of  an  inch  could  be  distinctly  discerned,  and 
yet  further,  that  lines  could  be  separately  distinguished  when  their 
reduced  interval  was  approximately  equal  to  i.uo\),oooth  of  an  inch. 

I  have  repeated  Dr.  Pigott's  experiments  with  some  slight  modi- 
fications, and  have  found  that  with  two  opposed  objectives  the  equi- 

valent foci  of  which  were  respectively  ith  and  ̂ th  of  an  inch,  that 
the  image  of  a  fine  line  at  a  considerable  distance  was  still  visible 
when  reduced  to  a  magnitude  equal,  on  the  above  supposition  of  a 
strictly  geometrical  reduction,  to  over  a  hundred  and  forty  thousandth 
of  an  inch.  Using  a  iVth  by  Eoss,  and  TVth  by  Hartnack,  as  the 
image  forming  and  examining  objectives,  the  fine  Hne  used  as  object 

was  visible  as  a  geometrical  magnitude  =  a  two  hundi'ed  and  eighty 
thousandth  of  an  inch,  and  appeared  sensibly  as  distinct  as  when  viewed 
under  the  same  visual  angle  by  the  naked  eye. 

The  deductions  just  made  as  to  the  linear  magnitude  of  the  images 
of  the  distant  fine  line  are,  however,  shown  to  be  untenable  when  we 
consider  that  we  have  no  means,  as  far  as  is  known  at  present,  of  ascer- 

taining the  form  and  dimensions  of  the  details  of  an  image  produced 
in  the  manner  above  described,  other  than  the  optical  examination  of 
it  with  the  aid  of  a  system  of  lenses  which  would  produce  a  precisely 
similar  effect  on  the  rays  from  the  object  if  placed  in  a  similar  posi- 

tion to  that  occupied  by  the  image  forming  system  A.  Let  the 
examining  system  be  designated  B.  Then  the  rays  which  have  been 
converged  by  A  to  any  area  in  the  common  focal  plane  of  the  two  ob- 

jectives Avill  diverge  again  symmetrically  from  that  area  to  B,  and 
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supposing  both  combinations  to  be  perfectly  corrected,  would  form  an 
image  of  the  object  precisely  similar  to  it  in  the  rear  of  B. 

The  effect  of  any  interference  or  of  diifraction  in  the  convergent 
cone  fi'om  A  will  be  undone  in  the  divergent  cone  whose  base  is  the 
front  lens  surface  of  B. 

Therefore,  whatever  be  the  actual  distribution  of  light  and  shade 
in  the  common  focal  plane  of  A  and  B,  the  resultant  after  passing  B 
will  be  identical  with  the  originant,  i.  e.  the  object  of  A.  In  other 
words,  B  merely  restores  the  rays  to  the  identical  mutual  relation 
which  they  possessed  before  entering  A. 

The  existence  of  any  aberration  in  either  or  in  both  of  the  ob- 
jectives or  combinations  of  lenses  used,  A  or  B,  disturbs  the  relation 

of  symmetry  between  the  convergent  and  divergent  luminous  cones, 

and  consec[uently  renders  the  restoration  of  theii'  components  to  their 
primary  condition  more  or  less  incomplete.  The  final  image  thus  be- 

comes indistinct  to  a  corresponding  extent,  so  much  so  indeed  that 
the  method  of  Dr.  Pigott  approves  itself  as  an  extremely  sensitive 
detector  of  aberrations  outstanding  in  the  opposed  systems. 

But  it  is  evident  that  no  information  as  to  the  separability  of  ma- 
terial lines  as  distinguished  from  focal  images  can  be  obtained  by  the 

method  just  described.  In  the  case  of  material  objects,  the  light 
which  renders  them  visible  has  undergone  very  different  treatment 
from  that  adverted  to  above.  Every  system  of  material  points,  the 
intervals  of  which  are  comparable  in  dimensions  to  the  length  of  a 
wave  of  light,  acts  as  a  more  or  less  regular  difitraction  grating  when 
a  pencil  of  rays  is  transmitted  through  it,  and  the  pencil  is  redistri- 

buted in  the  process  of  transmission  into  a  direct  pencil,  and  a  varying 
number  of  diffracted  pencils  dependent  upon  the  number  of  regular 
diffracting  systems,  of  which  we  may  conceive  the  assemblage  of  ma- 

terial points  to  be  composed,  and  divergent  from  the  axis  of  the  un- 
diffracted  pencil  at  angles  which  are  determined  by  the  degree  of 
closeness  of  the  several  imaginary  component  gratings.  The  angles 
of  divergence  of  diffracted  pencils  increase  with  the  fineness  of  the 
details  producing  diffraction  until  they  approach  equality  (for  direct 
light)  to  a  wave  length  of  that  light  when  the  divergence  becomes 

equal  to  90°,  or,  in  other  words,  diifraction  ceases. 
If  the  angular  aperture  of  the  observing  objective  be  sufficiently 

wide,  it  will  receive  one  or  more  of  these  diffracted  pencils  besides  the 
direct  pencil. 

Professor  Abbe's  researches  have  resulted  in  showing  that  the 
representation  of  minute  detail  of  any  kiad  is  dependent  on  the  ad- 

mission of  rays  from  these  spectra  to  the  final  image  in  the  focus  of 
the  eye  lens  of  the  microscope,  and  that  if  these  diffracted  pencils 
be  entirely  excluded  from  the  final  image  no  detail  at  all  will  be 
shown,  but  merely  the  outline  of  the  object  viewed,  e.  g.,  the  edge 
and  midrib  of  a  diatom ;  its  markings,  so  called,  being  invisible.  Fur- 

thermore, Professor  Abbe  has  proved  that  the  fine  details  of  an  object 
will  be  shown  more  nearly  as  they  exist,  the  greater  the  number  of 
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the  diffracted  pencils  admitted  by  the  objective.  If  the  admission  of 
these  spectra  is  interfered  with  either  by  the  limitation  of  the  angular 
aperture  of  the  objective  used  from  its  original  construction,  or  by 
intentional  screening  off  of  any  of  the  diffracted  pencils  which  would 
otherwise  reach  the  final  image  of  the  object,  the  apparent  detail  will 
be  modified  in  a  corresponding  manner.  These  facts  may  be  very 
readily  and  simply  demonstrated,  when  a  microscope  furnished  with 
an  objective  of  one  quarter  of  an  inch  equivalent  focus  is  directed 
npon  a  valve  of  PJeurosigma  BaUicum,  for  example.  If  the  objec- 

tive has  an  aperture  of  90°  or  thereabouts,  there  will  be  seen,  after 
focusing  and  removing  the  eye-piece  in  order  to  look  down  the  tube  of 
the  instrument,  a  brilliant  image  of  the  mirror  or  source  of  illumina- 

tion, and  symmetrically  disposed  round  this  direct  image,  if  it  occu- 
pies the  centre  of  the  tube,  four  similar  but  much  fainter  images, 

coloured  red  at  their  outer  and  fringed  with  blue  at  their  inner  edges, 
if  wliite  light  be  used. 

These  faint  images  are  the  diffraction  images  of  the  source  of  light, 
each  being  composed  of  separate  monochromatic,  and  individually 
accurate,  representations  of  the  luminous  origin,  which  are  distributed 

along  a  radius,  commencing  at  the  dii-ect  image,  and  arranged  in  order 
of  increasing  wave  length.  The  composite  image  is  therefore  some- 

what distorted,  being  elongated  in  a  radial  direction,  and  fringed 
with  colour  as  above  described,  from  the  overlapping  of  the  extreme 
images. 

If  the  luminous  soui'ce  be  a  narrow  slit  allowing  a  sufficiently 
bright  pencil  to  pass  through  a  system  of  diffracting  lines  parallel  to 
itself,  some  of  the  Traunhofer  lines  may  be  seen,  if  solar  light  be 
employed,  especially  if  the  eye  be  assisted  by  a  magnifying  glass 
focused  on  the  diffraction  images. 

If  now  we  conceal  any  two  opposite  spectra  by  appropriate  screens, 
and  replace  the  eye-piece,  we  shall  find  that  one  of  the  systems  of  lines 
with  which  the  object  is  apparently  marked  has  disappeared,  namely, 
that  which  is  at  right  angles  to  the  line  joining  the  concealed  spectra. 
If  while  we  still  hide  the  same  two  spectra  we  also  block  out  the 
direct  beam,  the  system  of  lines  last  mentioned  will  be  replaced  by 

another,  the  components  of  which  ai'e  at  half  the  distance  of  those 
just  described,  and  twice  as  numerous. 

This  fact  points  the  way  to  the  explanation  of  the  varying  pheno- 
mena, which  attributes  the  visible  systems  of  lines  seen  in  the  image 

of  such  an  object  as  we  have  chosen  to  the  interference  of  the  rays 
from  the  images  of  the  source  of  light  formed  in  the  upper  focal  plane 
of  the  objective,  where  they  meet  within  the  eye-piece. 

The  process  of  production  of  these  interference  strise  is  as  follows  ; 
tracing  the  course  of  the  light  rays  from  the  origin  upwards,  and 
assuming  them  to  be  parallel. 

In  the  annexed  diagram  (1),  let  a,  b  be  the  incident  beam  falling 

1  Vide  Xote  added  in  Press. 
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perpendicularly  on  two  elements  of  a  grating  wLich  are  represented 

in  transverse  section  by  the  thick  short  lines  c  d.     The  lines  //'  re- 
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Diagram  (1). 

present  the  principal  focal  planes  of  the  objective  employed,  and  e  e' 
the  infinitely  thin  lenses  vrhich  would  produce  refractions  of  the 
transmitted  Hght  equivalent  to  those  actually  caused  by  the  objective 

itself ;  p  is  the  point  at  which  the  light  transmitted  directly  thi'ough 
the  grating  is  brought  to  a  focus.  A  bright  line  is  consequently 
produced  there  if  the  source  of  light  be  a  slit.  But  there  will  also  be 
lateral  diffracted  rays,  one  of  which  is  shown  pursuing  its  course  to 
a  focal  point  m  q.  li  a  i,  the  diiference  in  the  length  of  the  two 
sides  of  the  beam,  be  equal  to  a  whole  wave  length,  the  two  sides  will 
reach  q  in  the  same  phase,  and  the  result  at  q  will  be  a  bright  line. 
If  the  difference  in  length  of  path  be  equal  to  only  half  a  wave  length, 
the  result  at  q  will  be  a  dark  line.  In  general,  where  the  difference 
in  length  of  path  equals  an  even  multiple  of  a  half  wave  length,  a 
bright  line  will  be  found  in  the  plane  of  /;  when,  on  the  other  hand, 
the  difference  equals  an  uneven  multiple  of  the  wave  length,  the  result 
will  be  darkness. 

Let  a  be  the  angle  of  inclination  of  the  diffracted  ray,  A  its  length 
of  wave,  and  a  b  the  breadth  of  the  successive  intervals  of  the  grating, 
then  we  have  for  the  first  bright  line  sin  a  =  A  ̂  ff  3  ;  for  the  second 
bright  line,  &m  a  =  2\  ̂   a  l,  and  so  on.  If  Kght  of  a  higher  refran- 

gibility,  i.  e.,  of  shorter  wave  length,  be  used,  q  and  q'  will  be  fo.und 
nearer  to  p  than  before,  because  a  i  will  have  been  climinished,  and 

thus,  if  white  light  be  employed,  the  image  of  the  som^ce  formed  at  q 
and  (f  wiU  be  impure,  and  wiU  appear  fringed  with  colour,  blue  at 
the  inner,  and  red  at  the  outer  edges. 

If  also  the  source  of  light  be  of  sensible  magnitude,  the  rays  of 
each  colour  will  form  an  infinite  number  of  apposed  images  of  the 
elements  of  its  surface  in  and  near  q  and  q\  composing  thereby  per- 

fect images  which  will  overlay  one  another,  and  appear  at  each  side 
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of  the  visible  image  in  the  plane  /'  as  coloured  edges,  as  previously mentioned. 

"We  will  now  inves- 
tigate the  influence  of 

these  images,  direct  and 
diffracted,  formed  in  the 
upper  focal  plane  of  the 
objective,  upon  the  image 
of  the  olject  formed  in  the 
focus  of  the  eye  lens  of 
the  microscope,  by  the  aid 
of  diagram  (2),  in  which 
B  indicates  the  place  of 
the  real  image  of  the  ob- 

ject. Let  a  and  a'  be  the direct  and  one  of  the  first 

order  of  diffracted  images 
of  the  source  of  Kght. 
The  rays  emitted  from  a 
and  a'  will  interfere  at  B, 
and  if  the  distances  a  B 

and  a'  B  differ  by  a  whole 
wave  length  a  bright  line 
win  be  produced  ;  i£  the 
difference  be  half  a  wave 

length  darkness  will  re- 
sult. Prom  centre  a 

strike  two  arcs,  one 
through  B,  the  other 
through  a  point  distant 
from  ̂   by  a  wave  length. 
From  a'  describe  a  third 
arc  through  the  point 
within  B.  The  crossing 
point  P  of  the  two  arcs 
marks  where  the  undula- 

tions starting  from  a  and 

a'  are  found  to  differ  by 
a  whole  undulation,  and 
consequently  where  the 
first  bright  diffraction 
line    is    situated.      The 

03 

Diagram  (2). 

sides  of  the  small  triangle  whose  apex  is  ia  P,  though  arcs  of 
circles,  are  so  short  that  they  may  be  considered  straight  Unes,  and  as 

this  triangle  is  similar  to  the  triangle  a'  aB,  we  have  the  relation 

or 
BP:\  =  aB:  aa'; 

BP=Ba.X^aa'. 
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Now  £a  is  =  the  conjugate  focal  length  p'  less  the  principal  focal 
length/,  or  p' -  f.     Eef erring  to  diagram  (1),  we  see  that 

a  a'  ov  p  q  =  sin  a  .  /. 

Since  for  the  fii'st  diffracted  pencil  sin  a  =  \  ̂   d,  d  being  the  distance 
of  the  striae  in  the  object,  the  above  formula  becomes 

j,j.JP'-f)-Kl^.d; 

./  -^ 

d    '
' 

or,  since
 

p'  -  f^f=  the  magnifying  power  ni) 
.-.BP^m.d, 

i.  e.  the  distance  of  the  visible  striae  in  the  real  image  of  the  object 
is  equal  in  this  case  to  the  distance  of  the  actual  diffracting  elements 
of  the  object  multiplied  by  the  magnifying  power  of  the  objective. 

If  the  direct  ray  A  is  screened  off,  then  the  first  of  the  equations 
just  given  becomes 

that  is  to  say,  since  a'  a"  =  2  a  a',  JS  P  is  halved,  or  striae  will  be  seen, the  intervals  of  which  are  half  the  intervals  of  the  set  seen  in  the 

first  case.  The  reduction  of  the  intervals  of  the  visible  striae  may  be 
carried  further  by  screening  off  all  the  spectra  of  the  first,  second,  &c., 
orders. 

It  has  been  shown  in  treatises  on  Interference  Phenomena  that 

rows  of  dots,  individually  of  any  form  whatsoever,  will,  if  of  sufficient 
minuteness,  behave  as  if  they  were  actual  striae,  both  species  of  inter- 

cepting systems  producing  identically  the  same  phenomena.  It  mat- 
ters not  whether  the  dots  in  question  consist  of  actual  absorbing 

particles,  of  transparent  elevations  or  depressions  in  a  uniform  mem- 
brane or  shell,  or  of  mere  differences  of  refractive  powers  between 

adjoining  portions  of  the  same  substance,  the  effect  on  the  luminous 
undulations  is  the  same  in  all  cases  of  similar  arrangement.  All  the 
markings  seen  on  different  species  of  diatomaceae  for  instance  might 
have  been  previously  drawn  by  a  person  who  had  never  seen  a  diatom 
in  the  microscope,  had  the  grouping  and  distance  i?iter  se  of  the  spectra 
seen  at  the  upper  focal  plane  of  the  objective  been  communicated  to 
him.  The  diffracting  obstructions  originating  the  known  appearances 
may  belong  to  any  of  the  classes  just  enumerated,  but  we  do  not 
know,  and  we  never  shall  know  hi/  mere  microscopical  inspection,  what 
the  diffractive  structures  really  are. 

Lastly,  it  is  easily  seen  that,  as  the  visibility  of  minute  detail  de- 
pends on  the  diffraction  spectra  produced  thereby,  the  limit  of  visibility 

is  attained  when  diffraction  ceases,  or,  in  other  words,  when  the  angle 

a  becomes  equal  to  90°  for  spectra  of  the  first  order.  Referring  to 
diagram  (1),  we  see  that  this  occurs  when  al  -a  i  =  \  of  the  light 



254  Proceedings  of  the  Royal  Irish  Academy. 

employed,  if  homogeneous ;  always  supposing  that  the  aperture  of  the 

objective  used  equals  180°. 
It  is,  furthermore,   easy  to  show  that  if  the  incident  light  is  as 

oblique  as  possible,  the  Kmit  of  visibility  becomes  =  -,  or  about  0*0002 

millimeter,  approximately  =  one  one-hundred  and  twenty-five  thou- 
sandths of  an  inch.  Photography  enables  us  to  advance  a  little  further 

into  the  unknown  along  this  path,  but  the  advance  thus  made  is  com- 
paratively small. 

Finally,  I  have  to  apologise  for  presenting  to  the  Academy  so  rough 

a  paraphi^ase  of  the  work  done  in  reference  to  this  subject  by  Professor 

Abbe,  and  by  MM.  JX^ageli,  and  Schwendener  :  my  excuse  is,  that  per- haps that  work  may  thus  be  made  known  to  some  earlier  than  it 
otherwise  would  be. 

jS'otes  added  in  the  peess. 

I. — The  diagrams  (1)  and  (2)  in  the  text  are  copied  from  Figures 
125  and  128,  at  pages  222  and  226  of  the  2nd  German  edition  of 

Schwendener  and  K'ageli's  work  on  the  Theory  and  Use  of  the  Micro- scope.   Published  by  Engelman,  Leipzig,  1877. 
II. — It  has  been  pointed  out  to  me  that  the  incapacity  of  the 

direct  pencil  for  representing  minute  detail  should  be  explained  in 
few  words,  as  the  explanation  has  been  omitted  by  the  writers  men- 

tioned above.  An  object  can  give  rise  to  a  visible  shadow  only  when 
the  portions  of  the  luminous  wave  which  spread  into  the  geometrical 
shadow  destroy  each  other  wholly  or  in  part  by  interference,  in  conse- 

quence of  the  length  of  their  paths  differing  by  an  uneven  multiple 
of  half  an  undulation.  As  the  light  which  passes  by  the  edges  of  a 

given  microscopic  object  proceeds  fi'om  the  luminous  source,  it  is  in 
the  same  phase  of  undulation  throughout  at  that  passage,  and  conse- 

quently the  secondary  waves  which  bend  into  the  geometrical  shadow 
cannot  interfere  to  produce  a  real  shadow,  unless  the  difference  of  the 
length  of  the  lines  imagined  to  be  drawn  from  the  edges  of  the  object 
to  any  point  of  its  geometric  image  be  at  least  half  an  undulation  of 
the  light  employed.  If  it  is  less  than  that  quantity,  the  whole  of 
the  geometric  shadow  will  be  filled  with  light,  and  the  object  will  be 
invisible.  This  applies  to  objects  of  any  form  or  magnitude  disposed 
in  any  manner  whatsoever,  and  to  orcdnary,  as  well  as  to  assisted 
vision. 
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XLII.   E'OTE    ON    THE    MeTEOES   CONNECTED  WITH  THE  FlEST  CoMET  OP 
1870.     By  J.  L,  E.  Dketee,  M.  A. 

[Read,  June  23,  1879.] 

In  IS'ovember,  1873,  I  published  in  the  Astronomische  NacTiricTiten, vol.  Ixxxii.  ISTo.  1963,  a  note  on  some  minor  radiant  points  of  shoot- 
ing stars  which  are  in  activity  during  the  beginning  of  August,  and 

"which  seemed  to  be  connected  with  the  first  comet  of  1870.  Por  this 
comet  I  had  the  year  before  computed  the  orbit,  based  on  a  discussion 

of  all  the  available  observations,^  and  from  this  orbit  I  found  the  ra- 
diant point  of  the  comet  to  be 

a -27°  51',     8  =  +  48°  24', 
while  the  comet  in  its  descending  node  (which  the  earth  passes  on 

August  14)  was  only  0'014  distant  from  the  ecliptic,  the  mean  dis- 
tance of  the  earth  fi'om  the  sun  being  unity. 

This  note  has  apparently  not  attracted  the  notice  of  the  committee 
on  luminous  meteors  of  the  British  Association,  as  the  radiant  of  the 

comet  I.  1870,  in  the  "Reports"  for  1874,  1875,  and  1878,  is  given 
as  a  =  43°-5,  S  =  H-  53°,  which  position,  as  well  as  the  date  (August 
12),  is  unquestionably  wrong. ^  The  conclusions  based  on  this  erro- 

neous radiant  point  are  therefore,  of  course,  also  wrong.  In  my  note 
in  the  Astron.  Nachr.  I  had  only  mentioned  the  following  three  actu- 

ally observed  radiants  of  meteors  as  being  in  pretty  good  accordance 
with  the  computed  radiant  of  comet  I.  1870  : — 

August    3       a  =  35°     8  =  +  44°     Zezioli,        1^0.132 
„         11  24  58  „  „    141 

3-12        31  55      J.  Schmidt,    „     46  (A.IS".  1756). 
Since  then,  however,  the  following  positions  of  radiant  points  have 

been  published  in  the  "  Eeports  "  of  the  British  Association : — 

Aug.  10         (1868)     a  =  33°,     5  =  +  59°     (Forbes,  "Eep.,"  1874,  p.  334). 
,,       9-12  (1872)  33  57      (Italian  obs.— see  The  Observatonj, vol.  ii.  p.  165). 

,,       8-11  25  59      (Lorenzoni,  "Eep.,"  1876,  p.  160). 
,,      10        (1876)  33  56      ("  Eeport,"  1876,  p.  154). 
„  (1876)  31  69      (Denning,  "Eep.,"  1877,  p.  176). 

The  cluster  x  Persei  (33°  +  56°)  is  often  mentioned  as  a  radiant  of 
meteors— e.  e.  by  Mr.  Clark  of  York  ("  Report  "  for  1877,  p.  158),  and 
by  Mr.  Denning,  who  finds  a  group  of  stationary  meteors  at  32°  +  57°.^ 

"Whether  tbe  above  radiants  are  all  identical  or  not,  we  have  here 
to  do  with  a  phenomenon  entirely  distinct  from,  though  similar  to,  the 
great  annual  star-showers  which  bear  the  name  of  the  Perseids,  and 

^  Astronomische  Nachrichten,  Vol.  Ixxx.  No.  1910. 
2  In  a  separate  copy  of  the  Eeport  of  tbe  committee  on  luminous  meteors  for 

1878  (placed  in  my  hands  by  Dr.  Ball),  Prof.  Herschel  has  corrected  the  position  to 

25°'5  +  45°,  which  comes  nearer  to  the  true  position. 
3  "Monthly  Notices,"  E.  A.  S.,  xxxix.  p.  407. 
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move  in  the  same  orbit  as  the  great  comet  III.  1862.  The  orbit  of  the 

comet  I.  1870,  appeared  at  first  very  like  that  of  the  last-named  comet ; 
but  my  final  determination  of  the  orbit  gave  elements  less  like  those  of 
the  Perseid  comet.  All  the  same,  it  is  very  interesting  that  the  two 
comets  sho^v  their  meteors  almost  on  the  same  days,  and  the  aphelia 
being  pretty  near  each  other,  the  whole  system  of  comets  and  meteors 

form  one  of  those  "  comet  families,"  of  which  the  researches  of 
IT.  Hoek  have  found  so  many  instances.* 

Subordinate  radiants  do  not  only  appear  in  the  case  of  the  Perseids: 
there  are  a  good  many  such  groups  of  radiants  known.  There  are  two 
ways  in  which  such  neighbouiing  radiants  may  have  originated : 
either  a  great  accumulation  of  meteors  moving  in  the  track  of  a  comet 

may  have  been  disturbed  by  the  earth  at  some  distance  from  it — great 
enough  to  prevent  the  swarm  from  being  scattered,  and  yet  small 
enough  to  make  it  move  in  a  new  orbit; — or  the  attraction  of  the  earth, 
on  the  single  meteors,  which  pass  us  closely,  may  make  the  orbit  have  a 
number  of  radiants  instead  of  a  single  one.  The  curve,  which  a  meteor 
will  describe  round  the  earth,  is  a  hyperbola,  the  asymptotes  of  which 
are  two  Knes  in  the  directions  in  which  the  meteor  approaches  and 
leaves  the  sphere  of  attraction  of  the  earth.  When  we  pass  through  a 
swarm  of  meteors,  the  earth  is  therefore  perfectly  enveloped  by  such 

hyperbolas,  along  which  the  meteors  will  move  in  all  dii'ections, 
instead  of  going  in  parallel  orbits,  as  they  did  before  meeting  the 
earth.  Once,  therefore,  a  certain  meteor  has  passed  close  by  the  earth, 
it  cannot,  if  the  orbit  is  a  closed  curve,  and  we  meet  it  a  second  time, 

appear  to  come  from  exactly  the  same  point  in  the  heavens — in  other 
words,  the  radiant  will  be  slightly  difierent.  According  to  Oppolzer, 
the  time  of  revolution  of  the  great  comet  of  1862  is  121  years.  If, 
then,  the  Perseus-meteors  are  particles  which  gradually  have  been 
separated  fi'om  the  main  body  or  nucleus  of  the  comet  by  evaporation  of 
the  parts  nearest  to  the  sun,  and  by  the  subsequent  condensation  of  these 
vapours  into  a  number  of  small  bodies,  the  main  stream  of  these 
would  be  surrounded  by  a  number  of  scattered  bodies,  moving  in  orbits 

more  or  less  different  fi'om  that  of  the  main  stream,  and  these  straying 
meteors  would,  it  appears,  produce  the  phenomena  of  secondary  radi- 
ants. 

It  does  not,  however,  seem  likely  that  the  meteors,  which  radiate 
from  a  point  near  ^  Persei,  have  originated  in  this  way.  As  the  radi- 

ant is  so  near  that  of  the  comet  I.  1870,  the  elements  of  which 
are  not  a  little  different  from  those  of  the  comet  of  1862,  it  seems 

probable  that  the  two  meteor-showers  are  independent  of  one  anotehr, 
each  being  composed  of  matter  left  behind  by  its  mother-comet.  But, 
besides  the  meteors  from  near  \  Persei,  there  are  many  other  Circum- 
Perseid  meteor-showers,  as  amply  shown  by  Mr.  Denning  (Brit.  Ass. 

"Report,"  1878,  p.  344);  and  it  appears  likely  that  at  least  some 
of  these  have  arisen  from  the  perturbations  caused  by  the  earth,  as 
described  above. 

^  "  MontUy  Xotices,"  E.  A.  S.,  sxy.,  xx-^-i. 
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XLIII.   CoNTErBTJTIO^rS   TO  THE  StUDT  OP  l^EUVE- ACTION  IN"  CO>'NEXION- 

WITH  THE  Sense  of  Taste.    I. — FtrNCTioN  of  the  Tbigemtntjs.    By 
Geokge  SiGfEESour,  M.  D.,  Ch.  M.,  P.  L.  S. 

[Read,  June  23,  1879.] 

It  is  a  remarkable  fact  that,  whilst  the  study  of  some  of  the  special 
senses,  such  as  those  of  sight  and  hearing,  has  made  great  progress, 
that  of  the  sense  of  taste  remains  still  in  a  very  imperfect  condition. 
The  difficulties  in  the  way  of  its  elucidation  are  eyidently  consider- 

able, for  we  find  that  contradictory  results  have  been  arrived  at  by 
various  observers  of  repute.  Unquestionably  much  advance  has  been 
made  since  the  physiological  doctrine,  as  stated  by  Boerhaave  and 
Duverney,  was  in  unison  with  popular  opinion,  in  regarding  the 
tongue  as  the  only  seat  of  taste.  De  Jussieu,  disturbing  that  con- 

cordance, placed  physiology  on  the  true  path  of  research  when  he 
pointed  out  that  taste  was  still  preserved  after  the  excision  of  the 
tongue,  and  that  it  was  present  in  those  from  whom  the  tongue  was 
congenitally  absent.  These  pathological  facts  proved,  not  of  course 
that  the  tongue  was  devoid  of  this  special  sense,  but  that  other  parts 
within  the  buccal  cavity  possessed  the  power  of  distinguishing  sapid 

impressions.  "When,  however,  it  became  a  question  of  differentiating 
and  localising  the  taste-power,  the  difficulties  increased  with  the 
accumulation  of  facts.  Hence,  even  at  the  present  day,  most  points 
of  importance  in  connexion  with  this  subject  should  be  looked  upon 
as  still  in  dispute,  if  we  are  to  accept  the  statement  embodied  in  the 
most  recent  edition  of  a  standard  physiological  work.  Professor 

Hermann^  of  Zurich,  having  mentioned  that  it  is  difficult  to  separate 
the  taste-sense  from  simultaneously  evoked  odorous  and  tactual  sen- 

sations, and  to  strictly  localise  the  test-fluid,  makes  the  following 
statement : — "  The  special  seat  of  the  gustatory  sensibiKty  has  there- 

fore been  very  differently  stated.  Undoubtedly,  the  root  of  the 
tongue  plays  an  important  part,  but  it  is  doubtful  whether  it  alone 
(Bidder,  Wagner),  or  also  the  tip  and  the  borders  of  the  tongue 

'  (Schirmer,  Klaatsch,  Stich,  and  Camerer),  the  soft  palate  (J.  Mtiller, Drielsma),  or  at  least  a  part  of  it  (Schirmer,  Klaatsch,  and  Stich), 

or  even  the  hard  palate  (Drielsma),  are  seats  of  gustatory  sensa- 
tion." 

The  method  of  research  by  means  of  physiological  experimentation 
on  animals  affords  us  only  a  limited  assistance  ;  for,  as  animals  cannot 
give  us  an  intelligible  expression  of  their  sensations  in  this  matter, 
the  results  obtained  are  often  unsatisfactory,  and  have  sometimes 
proved  misleading.  Undoubtedly  many  valuable  facts  have  thus  been 

acquired,  but  it  seems  almost  impossible,  by  this  method,  to  distin- 

^  Hermann,  Elements  of  Human  Fhysiology,  p.  458,  London,  1878- 

U2 
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gxiisL.  properly,  for  instance,  between  degrees  of  impairment  in  the 
taste- sensations  of  diiierent  sapid  substances. 

Disease  is  tbe  most  skilful  vivisector.  It  can  stimulate  to  excess 

a  given  nerve,  and  enable  us  to  observe  the  result;  or,  by  paralysing  it, 
disease  can  render  the  nerve  wholly  inactive,  and  thus  withdraw  a  fac- 

tor, leaving  us  to  determine  its  function  by  observing  the  consequences 
of  its  absence.  In  presence  of  so  complex  a  problem  as  that  before  us, 
it  is  obvious  that  the  sources  of  possible  error  of  observation  are  many. 
Hence,  unless  where  the  attention  of  the  observer  has  been  specially 
directed  to  determining  the  topography  of  taste,  it  is  impossible  to 
accept  the  recorded  results  as  satisfactory.  Thus,  frequently,  if  not 
generally,  in  ordinary  practice  the  patient  is  allowed  to  withdraw  the 
tongue  before  signifying  whether  or  not  he  perceives  a  taste.  In  such 
cases,  we  can  come  to  no  conclusion  against  a  localised  abolition  of 
the  sense,  inasmuch  as  the  withdrawal  of  the  tongue,  and  its  subse- 

quent motion  within  the  buccal  cavity,  will  bring  the  sapid  substance 
in  contact  with  regions  where  the  taste  sensation  is  still  preserved. 

"Where  precautions  have  not  been  taken,  with  special  reference  to such  dangers,  the  statement  of  a  positive  result  cannot  be  taken  as 
really  excluding  the  presence  of  a  localised  paralysis  of  taste — say, 
for  instance,  in  the  anterior  border  of  the  tongue.  Or,  if  the  sub- 

stance be  aromatic,  its  presence  may  be  recognised  (ex  hypothesi)  by 

the  olfactory  sense  alone,  and  yet  the  patient's  declaration  that  he 
tastes  it  may  be  recorded  as  an  instance  of  the  conservation  of  the 
gustatory  sense.  jSTon-attention  to  these  sources  of  error  has  been  the 
cause  of  the  reception  of  many  of  the  contradictory  results  which  help 
to  obscirre  the  study  of  this  subject. 

Hence,  a  simple  enumeration  of  recorded  results  does  not,  of 
necessity,  increase  the  weight  of  evidence,  with  reference  to  disputed 
points,  unless  it  be  manifest  that  the  observers  who  recorded  them 
had  their  attention  particularly  directed  to  the  elements  of  the  prob- 

lem. Such  examples  have  an  exceptional  interest,  and  are  of  great 
utility,  when  employed  to  control  and  verify  the  results  of  a  physio- 

logical experimentation  on  animals. 

"With  the  desire  of  adding  something  to  the  exact  study  of  this 
important  question,  I  venture  to  submit  the  following  observations 
which  have  a  direct  bearing  upon  the  action  of  some  nerves,  and 
indirectly  serve  to  elucidate  the  function  of  others. 

I. 

1.  Function  of  Palatine  Nerves. — The  facts  which  I  have  observed 
relate  to  the  soft  palate.  The  innervation  of  this  region  is  somewhat 
complex.  The  anatomical  investigations  of  M.  Debrou,  and  the  phy- 

siological experiments  of  Dr.  Yolkmann,  go  to  prove  that  it  receives 
branches  from  the  glosso-pharyngeus,  which  supplies  the  levatores 
palati  and  the  azygos  uvulae.  This  is  a  mixed  nerve,  and  its  galvani- 

zation demonstrated,  by  inducing  contraction  of  these  muscles,  that 
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it  furnished  them  with  motor  twigs.  It  is  presumed  that  sentient 
fibres  are  sent  to  the  mucous  membrane.  The  circumflexus  or  tensores 

palati  receive  motor  twigs  from  the  inferior  branch  of  the  trigeminus, 
contracting  when  it  is  stimulated.  Again,  stimulation  of  the  pneu- 
mogastric,  a  mixed  nerve,  induces  contraction  in  some  of  the  pala- 

tine muscles  (Bischoii  and  Eeid).  From  Meckel's  ganglion,  the 
spheno-palatine  (which  receives  its  sensory  supply  from  the  superior 
maxillary,  or  second  division  of  the  trigeminus),  some  branches  proceed 
to  supply  the  hard  and  soft  palate,  tonsils,  and  uvula.  Of  these  the 
anterior  palatine  branches  are  described  as  sensory  (Eobiu),  whilst  the 

posterior  ai'e  mentioned  as  destined  for  the  levatores  palati  and  azygos 
uvulae.  A  pterygo-palatine  branch  supplies  the  mucous  membrane 
of  the  Eustachian  tube,  and  that  of  the  adjacent  nasal  and  phalangeal 

region.  The  otic  gangKon  (Arnold's)  receiving  a  root  from  the 
inferior  maxillary  (said  to  be  its  motor  supply),  receives  also  in  its 

long  slender  root  (Arnold's  minor  superficial  petrosal  nerve)  a  supply 
from  Jacobson's  nerve  which  brings  the  glosso-pharyngeus  into  com- 

munication with  the  trigeminus.  It  is  asserted,  however,  that  the 
branches  given  off  from  this  ganglion  (which  they  merely  pass 
through)  come  from  the  motor  portion  of  the  trigeminus ;  they  supply, 
according  to  Eobin,  the  levator  palati,  the  internal  pterygoid,  and 
tensor  tympani.  It  does  not  appear  to  me  to  be  demonstrated  that 
only  motor  branches  are  given  off  to  the  palatine  region.  Professor 
Hermann,  having  stated  that  the  otic  ganglion  gives  off  two  branches, 
one  to  the  tensor  tympani,  and  another  to  the  tensor  palati,  remarks  : 

"  The  physiological  importance  of  this  little  centre  is,  however,  in  all 
probability,  much  greater  than  one  would  conclude  from  the  fact  of 
its  merely  giving  off  these  two  small  muscular  branches,  as  it  is  pro- 

bably through  it  that  the  fibres  of  the  facial,  contained  in  the  small 
superficial  petrosal  nerve,  make  their  way  to  the  auriculo-temporal 
nerve  (5th),  and  thence  to  the  parotid  gland,  for  which  they  are  most 
probably  secretory.  Further,  it  is  probable  that,  through  the  otic 

ganglion,  fibres  of  the  glosso-pharyngeal,  derived  from  its  tympanic 
branch,  make  their  way  to  the  facial  nerve." 

Incidentally,  the  importance  of  this  ganglion,  as  a  connecting  junc- 
tion, will  be  illustrated  by  the  facts  of  the  cases  which  follow.  In  the 

first  case,  a  patient  affected  by  a  pontine  lesion  had  complete  facialis 
paralysis  on  the  left  side  of  the  face.  On  that  side,  however,  the 
sense  of  hearing  remained  perfect,  and  the  sense  of  taste  was  left  intact 
which  would  not  be  the  case  if,  as  some  have  asserted,  the  facial 
nerve  shared  in  it.  On  the  right  side  there  was  paralysis  of  the 
inferior  maxillary  branch  of  the  trigeminus.  There  was,  consequently, 
absence  of  sensation  in  the  external  ear  and  integuments  of  the  lower 
jaw.  Thus,  owing  to  the  anaesthesia  and  analgesia,  the  patient  did 
not  feel  the  razor  whilst  shaving,  and  sometimes  cut  his  cheek  with- 

out his  attention  being  aroused  by  pain.  There  was  a  certain 
degree  of  diminution  of  the  senses  of  taste  and  touch  observed  on  the 
right  anterior  portion  of  the  tongue,  the  cause  of  which  I  shall  discuss 
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further  on.  Besides  the  unpleasant  sensation  of  "  dead  numbness,"  as 
the  patient  called  it,  which  affected  the  external  ear,  down  through 
the  meatus,  there  was  marked  loss  of  auditory  power.  In  order  that 
he  should  hear  the  tick  of  a  watch  it  was  necessary  that  it  should 
be  applied  close  to  the  ear.  This  defect  came  on  simultaneously  with 
the  angesthesia  of  the  inferior  maxillary  nerve,  and  passed  away  as  the 
latter  began  to  improve.  The  progress  was  different  from  that  I  ob- 

tained where  the  auditory  nerve  was  itself  affected.  It  seems  impos- 
sible, therefore,  not  to  connect  these  two  facts  in  relation  as  cause 

and  effect ;  the  paralysis  of  the  inferior  division  of  the  trigeminal  nerve 
inducing  a  degree  of  deafness  corroborates  the  opinion  of  M.  Robin, 
who  states  that  the  motor  branch,  derived  from  it,  simply  passes 
through  the  otic  ganglion  to  supply  the  internal  muscle  of  the 
malleus. 

This  connexion  being  made  clear,  I  pass  to  the  second  case.  In 
this  instance,  a  young  patient  came  to  me,  complaining  in  almost 
the  same  terms,  of  deafness  and  unpleasant  numbness  in  the  right  ear. 
It  was  necessary  that  the  watch  should  be  quite  close  to  his  ear  to 
enable  him  to  hear  it  ticking.  Sensation  was,  however,  intact  over 
the  face.  On  examining  the  throat  I  at  once  perceived  a  relaxation 
of  the  palatine  muscles  on  the  same  side ;  and  further  tests  showed 
that  I  had  before  me  a  strictly  localised  paralysis,  affecting  the  nerve- 
branches  which  proceeded  from  the  otic  ganglion  to  the  tympanum, 
on  the  one  hand,  and  to  the  palate  on  the  other.  The  spheno-palatine 
nerves  could  be  excluded,  for  the  region  supplied  by  their  anterior 
branches  (described  as  sensory)  was  not  affected  by  the  paralysis,  and 
there  seems  no  probability  (nor  does  it,  indeed,  matter  to  the  question) 
that  the  posterior  muscular  branches  were  affected. 

This  localised  paralysis  afforded  an  opportunity  of  studying  what 
changes,  if  any,  resulted  in  the  palatine  region  supplied  by  the 
nerves  affected.  As  one-half  only  of  the  soft  palate  was  involved, 
an  immediate  comparison  could  be  made,  in  the  same  individual, 
between  the  results  of  tests  applied  on  both  sides. 

It  was  obvious,  in  the  first  place,  that  motor  filaments  had  been 
supplied,  and  were  paralysed  :  but  is  the  statement  accurate  that  the 
nerve-supply  is  purely  motor  ?  That,  I  may  say,  seems  at  the  outset 
a  somewhat  gratuitous  assertion,  considering  the  character  of  the  otic 
ganglion.  The  pathological  facts  observed  in  the  palatine  region  in 
consequence  of  this  localised  paralysis  were  the  following  : — 

1°.  Motor  paralysis  of  certain  muscles  supervened ; 
2°.  There  was  loss  of  heat-sense — the  patient  not  being  able  to 

detect  the  heat  of  a  warm  gargle  on  the  affected  side ; 

3°.  There  was  marked  loss  of  the  sense  of  touch ; 
4°.  Sense  of  pain  was  very  greatly  diminished ; 
5°.  Finally,  as  regards  the  sense  of  taste,  the  existence  of  which 

in  the  soft  palate  some  have  contested,  I  found  that  it  unquestionably 
was  present  on  the  healthy  side,  and  that  it  was  almost,  if  not  quite, 
abolished  in   the  paralysed  half   of  the   palate.     AVhen  test-fluids, 
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which  were  not  perceived  on  this  side,  were  drawn  across  the  mesial 
line,  there  was  an  immediate  contortion  of  the  face. 

It  follows,  from  the  foregoing  facts,  that  the  nerve-supply  pro- 
ceeding from  the  otic  ganglion  is  sensory  as  well  as  motor ;  sentient 

filaments  of  the  fifth,  and  possibly  loan-fibres  of  the  glosso-pharyngens 
accompany  the  motor  nerves  to  the  palatine  region. 

II. 

Function  of  the  Lingual  Nerve — The  function  of  the  lingual  branch 
of  the  trigeminus  has  been  a  subject  of  dispute,  especially  since  Pan- 
nizza  of  Pavia  denied,  in  1834,  its  connexion  with  the  sense  of  taste, 
which  he  considered  to  be  under  the  exclusive  sovereignty  of  the 
glosso-pharyngeus.  According  to  his  view,  the  lingual  was  solely 
concerned  with  the  tactual  sensibility  of  the  tongue.  Magendie,  five 
years  later,  propounded  a  doctrine  which  was  the  exact  contradictory 
of  this  opinion;  for  he  maintained  that  the  lingual  is,  and  is  ex- 

clusively, a  nerve  of  taste.  Against  this  it  is  asserted  that  he  must,  in 
operating,  have  mistaken  a  pharyngeal  branch  of  the  pneumogastric 
for  the  glosso-pharyngeus,  and  that  he,  consequently,  drew  his  con- 

clusions from  faulty  premisses.  More  trustworthy  testimony  against 
the  contention  of  Pannizza  is  to  be  found  in  the  experiments  of 
J.  Miiller,  and  especially  in  the  later  experiments  of  my  friend  Pro- 

fessor Schiff,  of  Geneva.  The  result  of  their  researches  goes  to  prove 
that  taste  is  not  quite  abolished  when  the  glosso-pharyngeus  is 
divided,  though  it  is  greatly  diminished.  It  is  true  that  the  animals 
operated  on  (dogs  and  cats)  did  not  refuse  to  lap  milk  with  which 
colocynth  had  been  mingled  ;  but,  on  the  other  hand,  when  pure  milk 
was  placed  alongside  of  milk  so  prepared  with  a  bitter,  they  displayed 
a  distinct  preference  for  the  former.  This  would  appear  to  demon- 

strate that  the  trigeminal  nerve-supply  is  capable  of  conveying 
gustatory  sensations  of  some  kind.  Hirschfeld  and  Valentin,  how- 

ever, have  supported  the  opinions  of  Pannizza  on  anatomical  grounds. 
Yarious  experiments  have  shown  that,  of  the  anterior  part  of  the 
tongue,  the  dorsum  is  scarcely,  if  at  all,  susceptible  of  receiving  taste- 
impressions,  whilst  the  edges  and  point  are  sensitive  to  them. 
Hirschfeld  and  Valentin  maintain  that  the  difi'erence  is  due  to  the 
anatomical  fact  discovered  by  them,  namely,  that  an  external  branch 
of  the  glosso-pharyngeus  proceeds  along  each  margin  of  the  tongue  to 
the  tip.  Hence,  they  hold  that  Pannizza's  view  still  remains  the 
correct  one,  asserting  that  the  glosso-pharyngeus  is  the  sole  nerve  of 
taste.  Their  adversaries,  however,  declare,  on  the  other  hand,  that 
as  the  lingual  nerve  sends  a  recurrent  branch  to  the  base  of  the 
tongue,  the  sensibility  to  sapid  impressions  existing  there,  which  has 
been  referred  altogether  to  the  distribution  of  the  glosso-pharyngeus, 
must  be  claimed  for  the  lingual  nerve. 

I  may  here  point  out  that,  if  either  of  these  doctrines  be  accepted, 
and  it  be  granted  that  the  sense  of  taste  is  the  exclusive  appanage 
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of  one  or  other  of  the  nerves  named,  a  new  and  considerable  difficulty 
would  arise.  Several  physiologists,  amongst  them  being  Yemiere, 
Admyrauld,  Longet,  Neumann,  and  Eosenthal,  have  made  experi- 

ments with  a  view  to  localise  the  different  kinds  of  sapid  impressions. 
The  general  result,  so  far  as  the  tongue  itself  is  concerned,  seems  to 
be  that  the  base  is  sensitive  to  bitter  impressions,  and  the  edges  and 

point  to  saline,  sweet,  and  acid  savours  especially.^  Now,  if  the  same 
nerve  supply  both  regions,  it  is  obvious  that  this  remarkable  dif- 

ference stands  in  need  of  an  explanation.  Of  course,  such  a  difficulty 
as  this  could  not  exist  if  we  accept  the  opinion  of  HH.  Bidder  and 
Wagner  that  the  root  of  the  tongue  alone,  and  not  the  edge  and 
point  also,  is  sensitive  to  taste-impressions.  But  whilst  this  view 
is  in  contradiction  to  that  of  most  experimenters,  and  indeed  to  general 
experience,  it  would  only  displace  one  difficulty  in  order  to  substitute 
another  ;  for  if  it  be  hard  to  conceive  that  the  same  nerve  should  not 
receive  a  bitter  savour  in  the  anterior  part  of  the  tongue  whilst  it 
does  perceive  it  at  the  base,  it  is  still  harder  to  understand  how  it 

should  receive  all  taste-impressions  at  the  base,  and  reject  them  all 
in  front. 

Such  being  the  state  of  the  question,  in  which  almost  eveiything 
is  yet  under  litigation,  I  venture  to  offer  for  consideration  the  follow- 

ing facts,  which,  I  hope,  will  help  to  elucidate  the  action  of  the 
lingual  nerve.  Pathology,  in  this  instance  as  in  others,  may  lend  its 
assistance  to  experimental  physiology,  and,  by  removing  a  factor, 
enable  us  to  understand,  by  the  consequences  of  its  absence,  the  func- 

tion which  it  fulfilled  when  in  activity. 
The  pathological  facts  were  observed  in  a  case  which,  owing  to 

the  peculiar  nature  of  the  lesion,  was  exceptionally  well  adapted  to 
present  them  with  clearness,  and  to  permit  of  comparison  and  verifi- 

cation. The  lesion  occupying  a  position  in  the  bulbar  region  of  the 
pons  varolii,  complete  paralysis  of  the  facialis  nerve  had  supervened 
on  the  left  side  of  the  face,  whilst  on  the  other  this  nerve  was  un- 

harmed. Here,  however,  on  the  right  side,  the  third  or  inferior 
maxillary  branch  of  the  trigeminus  was  paralysed,  with  result  of 
depriving  the  cutaneous  surface  of  the  corresponding  region  of  its 
normal  sensibility  to  touch  and  pain. 

"When  the  condition  of  things  in  the  interior  of  the  buccal  cavity 
is  considered,  it  will  be  remarked  that  a  rare  opportunity  was  pre- 

sented of  ascertaining  the  functions  of  the  nerve-supply  derived  from 
the  facialis,  and  the  trigeminus,  inasmuch  as  the  former  was  elimi- 

nated as  a  factor  from  the  left,  and  the  latter  from  the  right  side  of 

-  Pathology  supplies  facts  •vrhicli  tend  to  accentuate  this  difference.  Thus,  in 
the  case  of  a  patient  affected  with  aphonia,  sweet  mixtures  were  rejected  and 

"could  not  be  taken,"  whilst  hitters  were  readily  accepted.  This  would  appear 
to  indicate  that  there  are  special  fibrils  for  the  conveyance  of  different  sapid  im- 

pressions, and  that  they  may  become  subject  to  hyperaesthesia.  Numerous 
instances  could  be  given  in  which  intolerance  of  certain  flavours  is  found  to  exist. 
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the  tongue.  Such,  an  opportunity  was  desirable,  because  of  certain 
inferences  drawn  from  disturbances  of  taste  observed  occasionally 
in  cases  of  hemi-facial  paralysis,  which  would  attribute  gustatory 
power  to  the  facialis.  It  was  of  considerable  interest,  likewise,  in 
connexion  with  the  much-debated  question  of  the  physiological  func- 

tion of  the  chorda  tympani ;  which  I  reserve  for  discussion  to  another 
occasion. 

Now,  the  result  of  the  paralysis  of  the  inferior  maxillary  nerve, 
and  consequently  of  its  lingual  branch,  was  that  the  right  anterior 
two-thirds  of  the  tongue  were  distinctly  less  sensitive  to  touch  and 
taste  than  the  left.  Tet  as  there  was  complete  facialis  paralysis  on 
the  left  side,  and  as  the  lesion  was  not  only  intra-cranial  but  intra- 
pontine,  there  is  every  probability  that  whatever  fibres  the  facialis 
gives  to  the  chorda  tympani  were  paralysed.  It  appears  to  follow 
from  this,  that  whatever  connexion  the  latter  nerve  may  have  with 
the  sense  of  taste  is  not  attributable  to  any  filaments  it  may 
receive  from  the  facialis.  This  goes  to  support  the  conclusion  of 
Professor  Schiff,  who  holds  that  the  chorda  tympani  represents  loan- 
fibres  which  had  been  previously  borrowed  by  the  facialis  from  the 
trigeminus. 

Another  question  is  suggested  here,  namely,  the  relationships  of 
the  lingual  and  chorda  tympani,  respectively,  to  the  senses  of  touch, 
pain,  and  taste.  Lussana  and  Inzani,  in  1869,  report  a  case  where, 
after  section  of  the  chorda  tympani,  in  the  middle  ear,  the  anterior 
two-thirds  of  the  tongue  lost  their  sensibility  to  sapid  impressions, 
whilst  still  sensitive  to  touch  and  pain.  A  complementary  fact  is 
found  in  the  result  of  an  experiment  by  Professor  Schiff,  who,  on 
dividing  the  lingual  nerve  above  its  junction  with  the  chorda  tympani, 
observed  that  the  anterior  two-thirds  of  the  corresponding  side  of  the 
tongue  became  insensible  to  touch  and  pain,  whilst  some  sensibility  to 
taste-impressions  were  preserved. 

In  the  case  to  which  I  have  referred,  there  was  impairment  alike 
of  sensibility  to  touch  and  to  taste.  An  incident  occurred  which  served 
to  explain  the  reason  of  this  double  impairment,  and  to  furnish  a 
revelation  of  physiological  mechanism  of  great  interest.  Owing  to  a 
certain  want  of  care  on  his  part,  the  patient  got  an  attack  of  tonsil- 

litis; and  as  a  consequence  his  tongue  became  "loaded,"  covered  with 
white  fur.  In  due  time,  the  disorder  gave  way  to  treatment,  and  then 
a  phenomenon  was  remarked  which  I  will  state  in  the  words  of  a  note 
made  at  the  period  : — 

"  Nov.  24.     Tongue  completely  loaded,  white  all  over. 
"  Nov.  25.  This  morning,  tongue  presented  nearly  the  same  ap- 

pearance. During  the  course  of  the  day,  the  left  half  became  clean 
and  red,  whilst  the  right  (trigeminal-paralysed)  half  remained  loaded. 
The  right  half  was  quite  loaded  from  tip  to  back,  when  I  saw  him  in 
the  evening,  whilst  the  left  half  was  quite  clean. 

"  Nov.  26.  Tongue  has  cleaned  still  more,  but  the  cleaning  has 
gone  on,  from  left  to  right, — about  a  quarter  of  an  inch  has  now 
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cleaned  off  to  right  of  mesial  line.  This  may  be  due  to  some  inter- 
mingling of  twigs  of  left  trigeminus  with  twigs  of  right.  Both  being 

present,  there  would  not  be  so  much  recuperative  power  there  as  on 
the  left  side,  where  only  (the  healthy)  one  present ;  yet  more  than 

on  the  right  side,  where  the  only  one  present  was  paralysed." 
The  whiteness  of  the  right  half,  comparing  so  strangely  with  the 

redness  of  the  left,  continued  for  two  or  three  days  longer  before  the 
tongue  became  completely  clean. 

From  these  facts,  it  is  imperative  to  conclude  that  the  cleaning  of 
the  tongue  depends  directly  on  the  activity  of  the  lingual  branch  of 
the  trigeminus.  Where  this  activity  was  diminished,  the  region  sup- 

plied by  the  nerve  remained  loaded  for  a  considerable  time  beyond  the 
period  of  the  removal  of  the  fur  from  the  adjoining  region,  in  which  the 
action  of  the  nerve  continued.  This  is  a  distinct  revelation  of  the 

trophic  influence  possessed  by  this  trigeminal  branch  over  the  mucous 
membrane,  and  papillae,  to  which  its  filaments  are  distributed.  We 
may  infer  from  what  precedes,  that  the  pathological  phenomenon  of 
furred  tongue  is  due,  at  least  in  a  great  measure,  to  temporary  paresis 
of  the  lingual  nerve.  The  fact  that,  in  some  cases,  the  fungiform 
papillae  stand  out  as  red  points  over  the  white  surface  does  not  con- 

tradict this  opinion,  but  rather  yields  it  support,  inasmuch  as  their 
nerve  supply  being  greater  than  that  given  to  the  filiform  papillae, 
they  would  thus  give  way  later.  Conversely,  it  may  be  deduced  from 
the  preceding  facts,  that  where  the  tongue  is  abnormally  red  there  is 
unusual  excitation  of  the  nerve  in  question. 

Obviously,  impairment  of  taste  and  touch  is  a  necessary  result  of 
the  arrest  of  normal  trophic  change  over  the  surface  of  the  tongue. 
When  desquamation  does  not  take  place,  or  takes  place  but  slowly, 
the  epithelial  scales  which  remain  interpose  an  obstacle  to  the  due 
conveyance  of  impressions  ;  and,  whilst  remaining,  they  may  undergo 
morbid  change.  The  loaded  tongue  cannot  perceive  sapid  impressions 
well,  and  we  have  reason  to  presume  a  certain  amount,  or  as  it  were 
a  film,  of  effete  matter  unremoved  on  the  surface  of  the  tongue,  when- 

ever there  is  paresis  of  the  lingual  nerve.  Hence,  we  should  be  on 
our  guard  against  considering  (as  some  have  done)  that  the  impair- 

ment of  taste  which  follows  paralysis  of  this  nerve  is  an  absolute 
demonstration  of  its  gustatory  power. 

An  objection  to  my  statement  concerning  nerve-influence  in  con- 
nexion with  the  production  of  fur  may,  perhaps,  be  supposed  to  exist 

in  the  opinion  that  the  fur  which  appears  on  the  tongue  is  formed  by 
external  parasites.  Some  words  on  this  subject  are  consequently 
necessary.  Whilst  regarding  this  morbid  phenomenon  as  due  mainly 
to  the  presence  of  altered  or  moulting  epithelial  cells,  it  is  not,  of 
course,  denied  that  minute  plants  may  be  found  within  the  buccal 
cavity.  This  has  long  been  known ;  and  it  may  be  added  that  they 
appear  not  only  on  the  tongue,  but  on  the  gums,  and  elsewhere,  and 
have  not  been  regarded  as  essential  to  the  formation  of  the  fur,  of 

which  Rindfleish,  the  distinguished  histologist,  remarks  : — "  What  is 
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called  '  fur  on  the  tongue '  is  merely  the  result  of  a  considerable  de- 
squamation of  the  epithelial  pavement  cells  which  characterise  the 

mucous  membrane  of  that  region." 
A  different  view,  however,  has  been  proposed  by  Mr.  Bultin, 

P.  R.  C.  S.,  in  a  paper  recently  read  before  the  Royal  Society  of  Lon- 
don,^— the  object  of  his  essay  being,  as  he  states  it,  "to  show  that 

schizomycetes  form  the  essential  constituent  of  the  fur,  and  to  show 
as  far  as  possible  some  of  the  laws  which  govern  the  formation  of  the 

fur."  His  theory  may  be  thus  summarised  :  "  The  tongue,"  he  says, 
"  is  kept  clean  by  free  movement,  and  by  being  rubbed  against  the 
interior  of  the  mouth,  gums,  and  teeth ;  but  fur  almost  always  exists 
on  the  surface  both  in  health  and  in  disease.  The  fur  is  generally 
thickest  in  the  morning  before  food  is  taken,  and  during  illness,  when 

the  necessary  cleansing  is  not  properly  performed."  Observed  under 
a  microscope  the  scrapings  of  a  furred  tongue  show  :  "  1°.  debris  of 
food,  and  bubbles  of  mucus,  and  saliva ;  2°.  epithelium ;  3°.  masses 
which  appear  at  iirst  to  consist  of  granular  matter,  but  which  are  the 

gloea  of  certain  forms  of  schizomycetes."  These  gloea,  he  observes, 
are  so  closely  attached  to  the  hair-like  processes  that  these  come  away 
with  them,  and  where  they  are  found  "  the  filiform  papillae,  instead 
of  exhibiting  fine,  clear,  tapering  processes,  terminate  in  processes 

which  are  uneven,  tuberculated  or  beaded,  and  blunted  at  the  ends." 
This  alteration  in  appearance  he  considers  to  be  "owing  to  the  pre- 

sence of  these  bodies." 

With  reference  to  these  statements,  it  may  be  replied  :  1°.  that  it 
has  not  been  demonstrated  that  the  deformation  of  the  epithelial  pro- 

cesses is  not  due  to  pathological  alteration,  rather  than  to  parasitic 
growth.  Such  an  alteration  would  be  represented  by  what  my  dis- 

tinguished master.  Professor  Ranvier,  has  termed  ' '  la  tumefaction 
trouble  des  cellules."  This  turbid  cell-tumefaction  takes  place  under 
like  conditions.  Whenever  a  slight  irritation  exists,  or  an  abnormal 

variation  of  the  nutritive  fluid  occurs  in  the  epithelial  tissues,  "the 
epithelial  cells  swell  and  become  filled  with  an  albuminous  fluid,  con- 

taining flne  granulations."  This,  in  my  opinion,  would  be  the  imme- 
diate cause  of  the  alterations  of  the  epithelial  cells  in  case  of  furred 

tongue.  On  a  mucous  surface,  so  altered,  it  is  quite  conceivable  that 

parasitic  growth  should  soon  form,  because  the  "vital"  resistant 
power  of  the  tissue  must  be  considerably  lessened.  It  may  be  added, 
that  if  the  formation  of  fur  were  due,  essentially,  to  the  proliferation 
of  parasites,  it  would  be  very  difficult  to  understand  its  occasionally 
rapid  disappearance,  either  without  remedies,  or  on  the  exhibition  of 
medicines  which  are  not  known  to  be  parasiticidal,  and  are  not  applied 
to  the  tongue.  It  would  be  impossible  to  account  for  the  cleaning  of 
one  haK  the  tongue,  whilst  the  other  half  remained  loaded,  in  the 
case  quoted,  if  we  take  the  view  of  Mr.  Bultin  as  correct. 

'^  "  On  the  Nature  of  Fur  on  the  Tongue,"  by  Henry  Tventham  Bultin, 
F.E.C.S. — Froceediiigs  of  the  Royal  Society,  Iso.  195,  1879. 
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In  the  second  place,  I  do  not  believe  we  can  accept  the  purely 
mechanical  view  of  the  cleaning  of  the  tongue  which  Mr.  Bultin  has 

embodied  in  these  words  :  "  The  tongue  is  kept  clean  by  free  move- 
ment, and  by  being  rubbed  against  the  interior  of  the  mouth,  gums, 

and  teeth  .  .  .  the  fur  is  generally  thickest  in  the  morning,  and  dur- 

ing illness,  when  the  necessary  cleansing  is  not  properly  performed." 
It  is  scarcely  necessary  to  remark  that  the  state  of  the  tongue  varies 
much  in  disease,  and  that  even  in  the  course  of  one  affection,  e.  g., 
typhoid  fever,  it  may  alter  considerably  in  appearance.  Again,  in 
some  disorders,  when  there  is  no  reason  to  suppose  the  tongue  unduly 
active,  it  becomes,  so  to  speak,  abnormally  clean  and  red. 

If  the  proposition  laid  down  were  correct,  then  we  should  expect 
to  see  the  tongue  furred  in  proportion  to  its  inactivity.  This,  how- 

ever, is  not  so.     In  the  case  of  Mr.  L   ,  that  side  of  the  tongue 
from  which  the  fur  first  cleaned  off  was  precisely  the  side  which  was 
paralysed  as  regards  movement,  and  owing  to  the  facialis  paralysis, 
the  cheek  had  fallen  away,  flaccid,  and  did  not  press  the  food  into  the 
cavity  of  the  mouth,  and  towards  the  tongue,  as  was  normally  done  on 

the  right  side,  where  the  fur,  in  spite  of  all  friction,  remained  per- 
sistently. Again,  in  cases  where  the  tongue  is  more  or  less  com- 

pletely deprived  of  the  power  of  motion,  by  paralysis  or  atrophy,  it 
should,  if  this  theory  held  good,  be  thickly  coated  with  fur.  But  the 
fact  is  that  the  active  tongue  of  (say)  a  scarlatina  patient  will  be  heavily 
loaded,  whilst  the  motionless  tongue  of  a  paralytic  may  be  free,  or 
at  least  present  no  abnormal  appearance.  In  labio-glosso-laryngeal 
paralysis  the  tongue  remains,  at  a  certain  stage,  motionless,  and  yet, 
as  I  can  testify,  it  is  not  necessarily  loaded.  In  this  disease,  first 
described  by  my  regretted  master.  Dr.  Duchenne  (de  Boulogne)  the 
debility  of  the  tongue  is  accompanied  by  an  accumulation  of  viscous 

saliva,  as  he  observes,  but  he  distinctly  points  out  that,  "neverthe- 
less, neither  redness  nor  any  alteration  whatever  of  the  buccal  or 

pharyngeal  mucous  membrane  is  to  be  remarked."  *  Professor  Char- 

cot, in  his  great  work  on  Diseases  of  the  !N^ervous  System,  describing  a 
case  of  glosso-laryngeal  paralysis,^  mentions  that  the  patient  could  no 
longer  make  herself  understood,  the  only  sound  she  could  produce 
being  a  nasal  grunt :  she  could,  indeed,  protrude  her  tongue,  and 
move  it  from  side  to  side,  but  she  could  neither  turn  up  the  tip,  nor 

apply  its  dorsal  surface  to  the  palate, — thus  she  could  not  rub  it. 
Nevertheless,  the  tongue  appeared  quite  normal.  It  is  useless  to 
multiply  instances :  enough  has  been  said  to  prove  that  the  production  or 
removal  of  fur  does  not  depend,  to  any  marked  extent,  on  the  less  or 
greater  power  of  motion  possessed  by  the  tongue. 

I  have  already  indicated  that,  when  the  nerve-action  is  enfeebled 
or  paralysed,  the  vitality  (so  to  speak)  of  the  corresponding  region  is 
lowered,  and  the  tissue  then  becomes  less  able  to  resist  the  activity  of 

*  Duchenne  de  Boulogne,  Be  V Electrisation  localisee,  p.  568:  Paris,  1872. 
*  Charcot,  Lemons  sur  les  Maladies  du  Si/steme  Nerveux,  p.  426  :  Paris,  1877- 
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external  agents,  amongst  which  we  may  enumerate  parasites.  This 
statement  may  be  illustrated  by  the  facts  of  another  case,  which  was 
noted  down  in  1864,  and  was  made  the  subject  of  a  Paper  by  the  late 
Professor  Gubler.  In  this  case,  the  symptoms  of  which,  unfortu- 

nately, were  not  given  with  much  minuteness,  we  find  the  existence 
of  anaesthesia  of  the  trigeminus  mentioned,  as  supervening  upon 
another  disorder.  Sensibility,  consequently,  was  impaired  over  the 
left  side  of  the  face.  The  patient  having  complained  of  dryness  of 
the  mouth,  and  disagreeable  sensations  there,  attention  was  directed 
to  the  state  of  the  buccal  cavity.  On  examination  it  was  ascertained 
that  the  gums  and  inner  side  of  the  cheek  on  the  left  side  were  dis- 

tinctly drier  than  the  corresponding  parts  on  the  right.  In  addition, 
a  very  striking  phenomenon  was  observed.  On  the  left,  that  is,  the 
anaesthetic  side,  white  granular  patches  were  found  disseminated  over 
the  posterior  gums,  the  genial  mucous  membrane,  and  the  angle  of 
the  upper  and  lower  maxillee.  Nothing  of  the  kind  was  to  be  dis- 

covered on  the  right  side.  On  microscopic  examination  of  scrapings 
of  the  white  patches,  epithelial  cells,  spores,  and  numerous  long  fila- 

ments of  O'idium  albicans  were  found.® 
This  case  supplies  an  interesting  and  instructive  corroboration 

of  certain  conclusions  drawn  from  the  facts  which  came  under  my 
personal  observation,  and  gives  us  some  additional  data  for  judging 
the  mechanical  cleansing  theory.  Here  were  two  regions  perfectly 
identical  as  regards  their  motor  conditions,  as  well  as  with  respect 
to  whatever  friction  they  might  experience.  From  one  region,  how- 

ever, the  influence  of  the  trigeminus  was  more  or  less  completely 
withdrawn,  owing  to  its  paralysis,  and,  in  this  region,  parasitical 
growths  were  found  to  develop  on  the  surface  membrane,  whilst  no 
such  phenomena  were  discoverable  in  the  region  where  trigeminal 
action  remained  intact. 

Prom  what  precedes,  it  is  necessary  to  conclude : — 
1°.  That  the  action  of  the  trigeminus  influences,  in  a  marked 

manner,  the  nutrition  of  the  epithelial  cells  of  the  tongue  and  other 
parts  to  which  its  filaments  are  distributed. 

2°.  That  diminution  of  its  action  is  followed  by  diminution  of  the 
'  desquamation  process. 

3°.  That,  owing  to  this  arrest  of  elimination  of  effete  cells,  the 
senses  of  Touch  and  Taste  become  impaired. 

4°.  Diminished  action  of  the  trigeminus  results  in  diminished 
power  of  resistance,  on  the  part  of  the  corresponding  surface  mem- 

brane, to  the  action  of  pathological  alteration  in  its  anatomical  elements 
and  to  the  invasion  of  external  agents,  such  as  parasitical  growths. 

®  Professor  Gubler' s  attention  having  been  confined  to  the  phenomenon  of  dry- 
ness, he  failed  to  discern  the  real  cause  at  work.  He,  in  fact,  candidly  records  his 

failure. 
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XLIY.   COXTEIBIJTIOK'S  TO  THE  StTJDT  OF  I^EEVE  AcTIOX  IN  COXIfEXIOH" 
WITH  THE  SeIs'SE  OE  TaSTE.     II.   FimCTIOXS  OF  THE  ChOEDA  TyIIPANT. 
By  Geoege  SiGEEsoif,  M.D.,  Ch.  M.,  F.L.S. 

[Eead,  Febniary  9,  1880.] 

In  the  preceding  Paper  certain  facts  have  been  demonstrated  with, 
respect  to  the  functions  of  nerves  supplying  the  tongue  and  buccal 
cavity.  From  these  facts  the  following  conclusions,  amongst  others, 

may  be  deduced  : — 
The  so-called  gustatory  nerve  is  not  exclusively,  if  at  all,  a  nerve 

of  taste.  It  exercises,  as  I  have  proved,  a  remarkable  influence  over 

the  epithelial  cells  of  the  tongue.  "When  its  action  is  annulled  by 
paralysis,  there  is  retardation  or  ari'est  in  the  elimination  of  these 
cells.  Hence  the  conditions  necessary  for  the  proper  performance  of 
the  function  of  taste  are  disturbed ;  a  film  of  effete  matter,  which,  in 
other  circumstances,  would  have  been  shed  off,  now  remains,  and 
interposes  between  the  sapid  substance  and  the  taste  organ.  In  this 
manner,  the  acuteness  of  the  sense  of  taste  might  become  dulled  or 

diminished  to  a  considerable  extent,  after  paralysis  of  the  "  gustatoiy" 
nerve,  without  that  diminution  going  to  prove  that  this  nerve  is  in 
truth  a  nerve  of  taste.  Even  if  we  supposed  it  to  be  merely  a  trophic 

nerve  (which  I  by  no  means  affii'm),  there  would  necessarily  be  some 
loss  of  taste,  if  paralysis  prevented  the  accomplishment  of  its  trophic 
work. 

The  continuance  of  the  power  of  tasting  in  the  anterior  portion  of 
the  tongue  after  paralysis,  and  even  after  section  of  the  gustatory  or 
lingual  nerve,  compels  us  to  regard  the  chorda  tympani  as  the 
principal  nerve  of  taste  in  this  region.  The  question  of  its  action  is 
involved  in  considerable  obscurity,  and  it  can  scarcely  be  said  that 
its  constitution  has  yet  been  definitely  demonstrated.  Berard  declared 
that  the  chorda  tympani  was  an  enigma  propounded  to  the  sagacity  of 

physiologists.  Eecently  Beclard  has  pointed  out  that,  "  whilst  many 
suppositions  have  been  made  concerning  the  role  of  this  singular 
nerve,  it  must  be  confessed  that  more  than  one  obscurity  remains  to 

be  cleared  up  in  connexion  with  it."  ̂  
Again,  whilst  some  physiologists  consider  that  it  obtains  its  taste- 

filaments  fi'om  the  facialis  (thus  making  the  latter  to  be  a  nerve  of 
taste),  others  maintain  that  the  fibres  so  obtained  were  previously 
borrowed  by  the  facialis  from  the  glosso-pharyngeus  or  the  trigemi- 

nus. Against  the  fijst-mentioned  opinion  I  adduced  the  fact  that,  in 
a  case  of  absolute  facialis-paralysis  of  one  side,  arising  from  pontine 

1  Beolard,  Tra.itc  de  Fhysiologie.     Paris,  6«  edition,  p.  1016. 
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lesion,  taste  \vas  not  abolished,  nor  noticeably  diminished  in  the  corre- 
sponding region  of  the  tongue,  as  would  have  necessarily  happened  if 

the  facialis  had  furnished  taste-filaments. 
Bellingeri  was,  it  would  seem,  the  first  to  attribute  an  active  role, 

in  the  function  of  taste,  to  the  chorda  tympani.  His  opinion  has  been 
confirmed  by  the  experiments  of  Moos,  who  has  pointed  out  that,  in 
cases  in  which  compression  of  the  chorda  tympani  was  caused  by 
certain  operations  in  the  ear,  transient  loss  of  taste  supervened.  In 
the  case  of  a  patient  from  whom  one  half  of  the  inferior  maxilla  had 
been  removed,  together  with  the  chorda  tympani  and  the  facialis  at 
its  exit  from  the  stylo-mastoid  foramen,  the  gustatory  nerve  being 
preserved,  the  sense  of  touch  persisted  on  the  corresponding  anterior 
region  of  the  tongue,  but  the  sense  of  taste  had  disappeared.  This 
experiment,  however,  did  not  differentiate  the  function  of  the  chorda 
tympani  from  that  of  the  facialis.  When  the  chorda  tympani  is 
divided,  in  animals,  it  is  found  that  the  sense  of  taste  is  obscured, 
whilst  the  sense  of  touch  remains. 

The  abstraction  of  a  factor,  though  it  may  suffice  to  solve  some 
problems,  is  not  capable  of  supplying  satisfactory  answers  to  the  com- 

plex questions  which  we  have  to  deal  with  in  this  instance.  In  order 
to  understand  the  properties  of  the  nerve  in  question  with  some 
degree  of  completeness,  it  is  not  enough  to  observe  what  takes  place 
when  its  action  is  annulled,  by  whatever  cause  ;  we  must  also  endea- 

vour to  distinguish  what  phenomena  happen  when  the  nerve  is 
stimulated  to  action.  Now,  this  experiment  may  be  performed  on 
animals  ;  but  as  animals  cannot  intelligibly  express  the  gradations  of 
perception  obtained  through  a  special  sense-organ,  tlie  result  must  of 
necessity  be  unsatisfactory — more  especially  as  it  yet  remains  to  be 
shown  that  their  perceptions  of  sapid  impressions  are  in  perfect  unison 
with  those  of  man.  Hence,  with  respect  to  the  case  in  point,  it  is 
requisite  to  experiment  on  man. 

The  agent  of  excitation  which  I  found  most  useful  was  volta- 
faradaic  electricity,  following,  in  this  respect,  the  example  of  my  late 
distinguished  master.  Dr.  Duchenne  (de  Boulogne).  Having,  there- 

fore, employed  faradisation  in  such  a  manner  as  to  stimulate  the 
chorda  tympani,  on  at  least  two  hundred  occasions,  I  may,  I  trust, 
consider  that  the  opportunities  of  observation  have  been  sufficiently 
frequent  to  reduce  the  risk  of  error  to  a  minimum.  One  of  the  rheo- 
phores  was  placed,  immersed  in  water,  in  the  external  meatus ;  the 
other  was  usually  appKed  in  the  immediate  vicinity.  The  time  occu- 

pied by  each  experiment  varied  from  five  to  twenty  minutes ;  the 
action  of  both  currents  was  tested  separately ;  the  number  of  inter- 

ruptions was  varied,  and  different  degrees  of  intensity,  from  the 
feeblest  to  the  strongest  that  could  be  borne,  were  employed. 

Finally,  in  order  to  clear  up  some  points,  and  to  determine  more 
accurately,  if  possible,  the  several  phenomena  produced,  I  considered 
it  necessary  to  personally  undergo  the  experimentation. 

The  results  of  these  various  experiments  may  be  summarised  as 
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follows :  Some  of  them,  I  may  mention,  are  confirmatory  of  those 
mentioned  by  Dr.  Duchenne  (de  Boulogne),  whilst  others  are  addi- 

tional, and  pertain  solely  to  my  own  obserration. 
The  functions  of  the  chorda  tympani,  then,  as  far  as  can  be 

determined  by  the  results  of  faradaic  stimulation  of  that  nerve  on  its 

passage  in  the  ear,  may  be  described  as  follows  : — 
1°.  The  sensation  of  a  peculiar  taste  is  produced,  which  can  only 

be  described  as  "  metallic,"  to  use  the  term  employed  by  Dr.  Duchenne. 
This  taste  is  not  always  perceived  immediately  on  excitation  of  the 
nerve  ;  occasionally,  repeated  stimulation  is  necessary  before  this  sen- 

sation is  experienced.  Some  persons,  on  the  contrary,  notice  it  early 
and  constantly,  even  with  a  moderate  intensity  of  excitation.  Thus 
different  degrees  of  stimulation  are  required  to  cause  its  production  in 
different  individuals. 

2°.  A  sensation  of  astringency  is  occasionally  experienced.  This 
has  been  perceived  several  times  by  persons  on  whom  I  have  experi- 

mented. When  experimenting  on  myself  I  observed  the  same  sensa- 
tion, and  recognised  that  it  was  due  to  a  pecidiar  thrill  caused  by  the 

stimulated  nerve. 
This  fact  has  not  hitherto  been  described. 

3°.  A  sensation  of  dryness  and  roughness  over  the  corresponding 
region  of  the  tongue  is  frequently  noticed.  Here  I  have  to  confirm 
the  observation  of  Dr.  Duchenne,  with  this  addition,  that  I  believe  we 
may  attribute  the  production  of  this  roughness  on  the  tongue  to  the 
same  mechanism  which,  on  similar  stimulation,  produce  roughness  on. 

the  cutaneous  surface  (commonly  known  as  "  goose-skin").  I  found 
that  the  power  of  setting  this  mechanism  at  work  was  lost  to  a 
surface-region  affected  by  paralysis  of  the  ulnar  nerve.  Here, 
especially  in  the  outer  portion  of  the  hand,  the  skin  was  smooth  and 
somewhat  parchment-like. 

4°.  A  sensation  of  prickling  and  numbness,  as  where  a  nerve  of 
general  sensibility  is  excited,  is  a  usual  consequence  of  the  stimula- 

tion. Dr.  Duchenne  has  remarked  it.  In  my  experience  I  have  ob- 
served that  this  sensation,  although  generally  affecting  the  anterior 

two-thirds  of  the  tongue  on  the  same  side  with  the  operation,  may, 
nevertheless,  vary  in  extent  and  position  within  certain  limits.  Some- 

times, for  instance,  but  a  small  area  may  be  first  affected,  and  a 
gradual  enlargement  of  area  may  go  on  untU  the  entire  of  the  corre- 

sponding region  be  included.  In  most  cases,  this  may  requii'e  only  a 
few  minutes ;  but,  in  some,  repeated  stimulations  may  be  necessary. 
In  one  -case  I  observed  that,  whilst  on  one  side  the  anterior  two-thirds 
were  affected  by  this  sensation,  on  the  other  only  a  circumscribed 

region  (say,  the  middle  thii'd  on  that  side)  was  affected :  the  area 
increased,  under  the  influence  of  repeated  stimulations,  but  never 
quite  advanced  to  the  tip  of  the  tongue.  Lastly,  in  another  instance, 
the  result  of  the  stimulation  was  invariably  to  produce,  amongst  other 
things,  a  tickling  irritation  in  the  throat,  which  was  followed  by  a 
short  dry  cough. 

Can  we  explain  the  diversities  of  effect  described  by  supposing  a 
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certain  diversity  in  the  distribution  of  the  terminal  nerve-fila- 
ments ? 

5°.  Stimulation  of  the  chorda  tympani,  when  sufficiently  strong, 
causes  a  flow  of  saliva  into  the  buccal  cavity  from  the  sub-maxillary 
glands.  This  phenomena  is  in  conformity  with  the  discovery  of 
Claude  Bernard,  that  section  of  the  chorda  determines  cessation  of 

secretion  in  this  gland — a  discovery  which  demonstrated  the  existence 
of  a  filament  of  communication  with  the  sub-maxillary  gland,  which 
Cruveilhier  had  disputed.  Dr.  Duchenne  (de  Boulogne)  has  stated 
that  he  did  not  notice  this  salivation  until  his  attention  had  been 

called  to  Claude  Bernard's  experiment,  and  even  then  but  rarely. 
For  myself,  I  have  frequently  observed  the  occurrence  of  this  phe- 

nomenon (which  is  not,  however,  constant).  This  was  due,  in  part,  I 
have  no  doubt,  to  the  fact  that  I  found  it  possible  to  use  more 
stimulant  power  than  he  was  in  the  habit  of  employing. 

6°.  Pinally,  I  have  ascertained  that  excitation  of  the  chorda 
tympani  is  occasionally  represented  by  motion  in  the  region  of  the 
tongue  supplied  by  the  nerve  operated  on.  Care  was,  of  course,  taken  to 
exclude  all  sources  of  error  from  involuntary  movements  of  the 
tongue.  This  phenomenon  was  not  discovered  by  Dr.  Duchenne  (de 
Boulogne),  owing,  doubtless,  to  the  slight  intensity  of  the  current  he 
employed  in  such  cases ;  nor  has  it  been  noticed  in  experiments  on 
animals.  However,  after  having  carefully  studied  the  production  of 
slight  tremulation  in  the  case  of  others  (and  sometimes  a  certain 
alteration  of  shape  in  the  tongue),  under  the  influence  of  strong 
stimulation  of  the  nerve  in  question,  I  controlled  and  verified  the 
results  by  experiments  on  myself.  Consequently,  I  believe,  it  may  be 
accepted  as  a  fact,  that  stimulation  of  the  chorda  tympani  causes  not 
only  sensations  of  taste,  astringency,  dryness,  roughness,  prickling, 
to  be  produced,  as  likewise  salivation,  but  that  it  also  causes  the 
production  of  a  certain  feeble  motion — in  other  words,  that  it  is 
not  only  a  nerve  of  special  and  general  sensibility,  and  of  secre- 

tion, but  also  that  it  possesses  some  few  feeble  motor  filaments,  which 
may,  in  fact,  be  derived  from  the  facialis,  from  which  it  obtains  no 
taste-filaments. 

B,  I.  A.  PROC,  SER.  II.,  VOL.  III. — SCIENCE. 
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XLY. — The  Application  of  Specthitm  Analysis  to  the  estimation- 
OF  Bile  in  the  Eenal  Seceetion  of  Patients  suffering  feom 

Jaundice.  Br  F.  J.  B.  Quinlan,  M.D.,  Univ.  Duel.,  Fellow  of 

THK  King  and  Queen's  College  of  Physicians,  and  Physician  to 

St.  Yincent's  Hospital. 

[Eead,  January  26,  1880.] 

Foe  some  time  past  efforts  have  been  made  by  physicians  and  physiolo- 
gists to  introduce  into  their  respective  branches  tests  and  measures  of 

precision,  in  lieu  of  the  vague  and  approximate  observations  of  the 
unaided  senses  ;  and  this  movement  has  led  to  excellent  results.  The 
action  of  the  heart  is  now  recorded  graphically  by  the  sphygmograph ; 

respiration  is  similarly  delineated ;  the  rapidity  of  the  circulation  is 

exactly  measured  ;  and  albumen  or  diabetic  sugar  (existing  as  ab- 
normal constituents  of  the  urine)  are  expeditiously  and  accurately 

estimated  by  the  Jellett  saceharimeter — which  is  by  far  the  best  of  this 
class  of  instruments.  I  am  permitted  by  the  kindness  of  your  Council 

to  submit  to  your  consideration  what  appears  to  me  to  be  a  contribu- 
tion to  this  movement  in  the  form  of  a  simple  and  effectual  test  for 

detecting  the  presence  of  bile  (or,  at  least,  its  colouring  matter)  in  the 

urine  of  patients  suffering  from  Jaundice ;  and  of  approximately  esti- 
mating its  increase  or  decrease  (according  as  the  patient  gets  better  or 

worse)  in  the  same  individual.  I  say  "  approximately  in  the  same 
individual,"  for  the  bile  is  not  a  secretion  of  definite  strength.  About 
two^  pounds  of  it  are  secreted  daily  in  an  ordinary  healthy  person ;  but 
its  quality  varies,  not  only  in  different  persons,  but  in  the  same  person 
at  different  times.  For  this  reason  we  cannot  establish  an  absolutely 

quantitative  formula ;  but  we  are  certainly  able  to  watch  the  increase 
or  decrease  of  the  colouring  matter  in  the  urine  of  the  same  jaundiced 

patient.  The  qualitative  tests  at  present  most  employed  in  medical 
practice  are  those  of  Gmelin  and  of  Pettenkoffer ;  but  neither  are 

perfectly  reliable.  In  Gmelin' s  test  a  drop  of  nitric  acid  is  let  fall 
on  a  thin  layer  of  the  suspected  urine,  which  has  been  allowed  to  flow 
upon  a  white  plate ;  and  if  bile  be  present  an  iridescence  is  produced, 
beginning  with  green,  and  running  into  blue,  violet,  red,  and  yellow ; 

but  this  will  also  occur  in  the  presence  of  the  indigo^  forming  matter 
occasionally  found  in  the  urine  as  a  concomitant  of  carcinomatous  disease 

and  diseases  of  mal-nutrition.  In  Pettenkoffer' s  method  a  peculiar 
violet  brown  colour  is  developed  by  the  action  of  sulphuric  acid  and 
cane  sugar  upon  urine  containing  bile  ;  but  even  here  there  are  sources 
of  error  in  connexion  with  the  presence  of  albumen,  turpentine,  or 

1  Burdon  Saunderson,  1879. 
2  This  used  to  be  supposed  to  be  identical  with  the  vegetable  indigo  principle 

Inclican;  but  Hoppe  Sevier  has  shown  that  it  is  rather  different.  It  is  derived 

from  Indol  [CsHvN],  and  its  formula  is  CsHeN  SO4  K.  The  defect  in  Gmelin's 
test  has  been  described  by  Carter,  and  more  recently  by  W.  G.  Smith. 
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certain  essential  oils.  It  will  thus  be  seen  that  a  simple  and  reliable 
test  of  the  colouring  matter  of  bile  is  a  desideratum ;  and  the  one  I 
propose  is  founded  on  the  fact  that  this  colouring  matter  possesses  a 
power  of  selective  absorption  of  the  solar  spectrum,  commencing  with 
the  violet,  and  extending  (according  to  the  quantity  present)  nearly 
as  far  as  Frauenhofer  line  D.  Further,  that  this  colouring  matter 
does  not  produce  any  absorptive  bands,  nor  interfere  with  the  red  end 
of  the  spectrum.  After  many  trials  I  found  that  this  test  is  best  em- 

ployed by  placing  in  front  of  the  slit  a  stratum  of  fluid  of  ̂ mm.  in  thick- 
ness ;  a  thinner  one  has  not  sufficient  absorptive  power,  and  a  thicker 

is  not  so  delicate — a  very  deep  stratum  (even  though  the  solution  be 
weak  as  regards  bile)  produces  a  coarse  obscuration  not  suitable  for  the 
test.  So  many  skilled  observers  are  now  employed  in  every  branch  of 
medical  research,  especially  in  Germany,  that  it  is  not  impossible  that 
this  test  may  have  been  already  described  by  somebody  else.  I  do  not, 
however,  see  any  mention  of  it  in  Neubauer  and  Vogel  on  the  Urine, 
or  in  Frerichs  on  the  Liver  ;  and  the  exhaustive  and  admirable  work 
on  Physical  Diagnosis  of  Guttmann  of  Berlin,  just  issued  by  the  Syden- 

ham Society,  is  equally  silent.  I  first  observed  it  some  years  ago 
when  examining  jaundiced  urine  with  a  small  spectroscope,  exhibiting 
two  conterminous  and  independent  spectra  lighted  from  different 
sources ;  and  I  found  the  test  so  useful  for  clinical  teaching  purposes, 
that  I  procured  a  larger  instrument  specially  adapted  for  its  develop- 

ment. In  fact,  with  a  Jellett  saccharimeter  and  this  instrument  a 
clinical  teacher  is  able  to  test  most  delicately  for  albumen,  diabetic 
sugar  or  bile,  and  to  estimate  the  two  former  exactly,  and  the  latter 
approximately — and  all  this  with  much  less  trouble  and  less  loss  of  time 
than  in  the  ordinary  coarse  clinical  procedures.  Returning  to  the 
bile  test,  I  wish  to  mention  that  it  is  not  my  intention  on  the  present 
occasion  to  discuss  its  medical  value — a  subject  more  congenial  to  a 
purely  medical  society.  For  the  present  I  will  assume  that  it  is  im- 

portant to  the  physician  to  be  able  to  detect  bile  in  the  urine  in  jaun- 
diced patients,  and  to  watch  its  increase  or  decrease  ;  and,  having 

made  this  assumption,  will  describe  the  details  of  the  test,  and  respect- 
fully invite  the  opinion  of  this  eminent  scientific  body  on  its  strictly 

scientific  aspect.  The  instrument  is  a  single  prism  one,  the  telescope 

of  which  is  furnished  with  a  fine  needle^  in  the  eye-piece,  and  revolves 
(with  a  coarse  and  fine  adjustment)  on  a  segment  of  the  ordinary 
<legree  circle — the  collimating  tube  having  before  the  slit  a  means  of 
liolding  a  thin,  flat  glass  test-tube  of  2nvm.  in  thickness.  Minutes  as 
well  as  degrees  can  be  read  off  by  the  aid  of  an  ordinary  vernier.  I 
place  this  instrument  on  my  laboratory  bench,  in  front  of  a  window, 
in  such  a  manner  that,  while  the  needle  is  resting  on  some  definite 
Frauenhofer  line,  as  far  back  in  the  violet  as  possible,  the  zero  of 
the  vernier  may  point  exactly  to  some  degree.    In  the  present  instance 

2  This  needle  was  first  suggested  by  Professor  O'Eeilly,  M.R.I.A..  of  the  College 
of  Science,  DubKn  ;  and  is,  in  my  opinion,  superior  to  any  of  the  usual  means  of 
spectrum  measurement. x2 
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the  degree  pitched  upon  was  51°,  and  the  Frauenhofer  a  well-known 
line  between  F  and  G,  which  I  designate  (little)  g.  Having  now 
either  fixed  the  instrument  permanently  to  the  bench,  or  else  very 
accurately  marked  out  its  position,  a  permanent  working  constant  is 
established ;  for  when  the  instrument  is  in  its  exact  place,  and  the 
zero  rests  on  the  selected  degree,  the  observer  may  be  sure  (even 
when  working  by  artificial  light)  that  the  needle  points  to  the 
position  corresponding  to  g.  Should  the  observer  be  working  in  a 
strange  place,  and  without  sunlight,  there  is  a  bright  potassum  line 
on  the  violet  side  of  g,  which  will  give  an  equally  good  constant,  and 
may  even  be  made  by  a  previous  observation  to  determine  g.  The 
total  range  of  the  spectrum  of  my  testing  instrument  from  g  in  the  violet 

to  B  in  the  red  is  3°  38' ;  of  which  average  human  bile  absorbs  2°  23', 
leaving  1°  15'  (or  a  small  fraction  more  than  one-third)  of  the  spectrum 
unaffected.  In  human  bile  the  golden  red  colouring  matter,  known 
as  Bilirubin  deHigNoOs  predominates ;  but  in  that  of  the  ox  and  sheep 
the  green  Biliverdin  [C16H20N2O5,  ox  according  to  Maly  0161118^204] 
is  in  the  ascendant,  sheep  bile  being  the  greener  of  the  two.  It  is 
therefore  interesting  to  find  that  the  absorptive  co-efficients  of  these 

biles  exhibit  corresponding  differences — that  of  the  ox  absorbing  2°  1 3', 
and  that  of  the  sheep  2°  7',  as  compared  with  the  2°  23'  of  human 
bile.  I  now  proceeded  to  examine  the  effect  of  aqueous  solutions  of 
bile  of  gradually  increasing  strength  ;  and  for  this  purpose,  on  account 
of  the  difficulty  of  obtaining  perfectly  fresh  human  bile  in  quantity, 
used  fresh  ox  bile.  The  weakest  solution  which  produced  any  per- 

fectly definitive  effect  on  my  instrument  was  5  per  cent. ;  which  was 

of  a  very  pale  straw-colour,  and  exhibited  an  absorption  of  6'.  Sub- 
mitting solutions  of  gradually  increasing  strength  and  colour,  I  found 

that  there  was  an  increase  of  about  8'  for  every  5  per  cent,  of  bile  up 
to  75  per  cent.,  when  the  solution  scarcely  differed  in  appearance  or 

opacity  from  pure  bile,  and  produced  an  absorption  of  only  20'  less 
than  that  of  the  pure  secretion  (2°  13').  The  shadow  thus  produced 
was  of  an  olive  greenish  black,  greener  than  that  of  blood  (which  I 
shall  presently  describe) ;  different  from  any  other  shadow  that  I  am 
acquainted  with;  and,  in  my  experience,  pathognomonic  of  the  colouring 
matter  of  bile.  And  I  may  add  that,  in  many  instances,  the  daily 
observations  of  the  increase  or  decrease  of  bile  colouring  matter,  so 
made,  has  been  most  useful  for  diagnostic  purposes.  The  cardinal 
point,  however,  connected  with  this  test  is,  that  bile,  from  its  weakest 
Bolution  up  to  absolute  purity,  does  not  exhibit  any  separate  absorp- 

tive bands  or  touch  the  red  end  of  the  spectrum ;  and  the  importance 
of  this  point  I  will  presently  explain. 

To  establish  the  value  of  the  test,  however,  it  is  essential  to  inquire 
whether  any  of  the  normal  or  abnormal  constituents  of  the  urine,  ex- 

cept bile,  possesses  this  special  absorptive  power.  I  have  searched 
long  and  carefully  into  this  question,  but  with  a  negative  result. 
Commencing  with  the  colloids,  albumen  has  no  effect  upon  the  spec- 

trum, nor  have  pus    or  mucus.      Blood  is  frequently  found,    as  a 
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haemorrhagic  product,  in  the  urine ;  and  its  spectrum  requires  atten- 
tion and  comparison.  Arterial  blood,  in  the  thin  layer  of  solution, 

absorbs  a  small  portion  of  the  violet  end,  and  venous  blood  still  more  ; 
but  in  arterial  blood  we  find  the  two  well-known  oxyhaemoglobin 
absorptive  lines  between  D  and  E,  and  in  venous  blood  the  equally 
well-known  single  dark  absorption  line  of  reduced  haemoglobin 
nearer  the  red.  Blood,  moreover,  has  a  very  slight  but  distinct  ab- 

sorptive power  in  the  red  end.  Bile,  as  I  have  mentioned  before,  only 
absorbs  the  violet  end,  has  no  separate  absorption  lines,  and  does  not 
in  the  least  affect  the  red.  The  microscopical  and  chemical  detection 
of  blood  is  easy ;  but,  even  with  the  spectroscope  alone,  there  is  no 
difficulty  in  this  differentiation  ;  and  I  have  again  and  again  detected 
the  blood  lines  (either  arterial  or  venous)  in  instances  where  blood 
became  accidentally  mixed  with  the  bile  in  the  process  of  removal. 
The  bile  absorption  (in  solutions  of  equal  strength)  overlaps  the  blood 
(violet)  absorption ;  and  there  is  no  difficulty  in  detecting  both  blood 
and  bile  in  the  same  specimen  ;  for  accuracy,  however,  pure  solutions  of 
either  are  preferable.  Diabetic  sugar  or  the  crystalloids  have  no  effect 
whatever  on  the  solar  spectrum. 

It  is  now  believed  by  physiologists  that  the  source  of  the  colouring 
matter  of  the  bile  is  the  disintegration  of  the  red  corpuscles  which 
takes  place  in  the  spleen.  This  belief  is  principally  founded  on  the 
fact  that  the  injection  of  haemoglobin  into  the  blood-vessels  of  a  living 
animal  causes  a  great  effusion  of  bile  colouring  matter  into  the  urine, 
and  increases  the  quantity  of  Bilirubin  in  the  bile.  It  appears  to  me 
that  the  fact  of  haemoglobin,  in  addition  to  its  characteristic  absorp- 

tive bands,  absorbing  the  violet  end  of  the  spectrum  like  bile,  is  confi.r- 
matory  of  the  present  physiological  view  as  to  the  nature  of  bile 
colouring  matter. 

Nothing  could  be  more  unlike  the  yolk  of  an  egg,  rich  in  proteids, 
than  the  bile,  which  contains  none ;  and  yet  it  has  always  appeared 
to  me  that  there  was  a  certain  similarity  between  the  golden-coloured 
bile  and  the  golden  yellow  colouring  matter  of  the  yolk ;  and  I  have 
long  thought  both  were  derived  from  disintegrated  haemoglobin. 
On  applying  my  test  to  the  yolk,  emulsified  with  three  times  its 
own  quantity  of  water,  I  find  it  has  an  absorption  nearly  identical 

with  that  of  bile.  The  yolk,  so  treated,  absorbs  2°  5'  of  the  violet 
end  of  the  spectrum,  and  without  absorption  bands.  Here  we  have 

an  interesting  chain  of  reasoning.  "We  cannot  synthetically  make Bilirubin,  but  we  can  do  so  indirectly  by  injecting  haemoglobin  into 
the  blood  of  a  living  animal,  and  thus  produce  a  haemoglobin  deriva- 

tive, which  will  absorb  the  violet.  Does  it  not  seem  possible  that  the 
colouring  matter  of  the  yolk  is  a  similar  haemoglobin  derivative  ? 

I  make  this  suggestion,  however,  in  a  purely  tentative  spirit,  and 

without  in  the  least  expressing  'an  opinion  as  to  its  accuracy  or  other- 
wise. In  this  communication  I  wish  to  confine  myself  strictly  to  my 

bile  test.  The  conclusions  which  appear  derivable  from  it  are  as 
follow  : — 
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1.  That  an  easy  and  reliable  qualitative  test  of  the  presence  of  the 
colouring  matter  of  bile  in  the  urine  is  afforded  by  placing  a  dmm. 
stratum  of  the  suspected  fluid  before  the  slit  of  the  spectroscope,  and 
observing  whether  the  special  absorption,  which  I  have  described, 
takes  place. 

2.  That  no  other  normal  or  abnormal  constituent  of  the  urine 

affords  this  special  absorption. 
3.  That  to  so  examine  such  suspected  urine,  by  the  bedside  of  the 

patient,  with  one  of  the  small  but  effectual  spectroscopes,  which  are 
now  so  constructed  as  to  be  easily  carried  in  the  waistcoat  pocket,  is  a 

procedure  as  quick  and  easy  as  Gmelin's  test,  and  quicker  and  easier 
than  Pettenkoffer's.     1  believe  it  to  be  more  reliable  than  either. 

4.  That  the  daily  increase  or  decrease  of  the  absorption  (in  the 
same  individual)  is  capable  of  approximately  indicating  the  increase 
or  decrease  of  the  biliary  colouring  matter  in  the  urine  ;  and,  pro  tanto, 
the  extent  of  the  excretion  of  bile  through  that  channel. 

5.  That  this  test  affords  an  additional  proof  of  the  present  physio- 
logical opinion,  that  biHary  colouring  matter  is  a  haemoglobin  disinte- 
gration derivative. 

Demonstrations  of  the  various  spectra  described  were  given. 

KOTE  ADDED  IjS^  THE  PRESS. 

Since  the  reading  of  this  Paper  Dr.  Charles  A.  MacMunn's  new 
work,  "The  Spectroscope  in  Medicine,"  has  come  to  hand.  This 
volume  abounds  in  original  research,  and  contains  information  of  the 
most  valuable  and  practical  kind  ;  it  does  not,  however,  describe  this 
particular  test  for  bile. 

At  the  suggestion  of  Dr.  G.  Sigerson,  M.R.I. A.,  the  author  has 
tried  whether  the  acidity  or  alkalinity  of  the  icteric  urine  altered  its 
peculiar  absorptive  power ;  and  he  finds  that  it  does  not. 
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XLVI. — Experiments  made  to  deteemine  the  "  Deag"^  of  Aie  upon" 
AiE  AND  OF  Watee  tTPON  Watee  AT  Low  VELOCITIES.  By  the  Rev. 
Samuel  Hattghton,  M.D.,  D.C.L.,  and  J.  Emeeson  Reynolds, 
M.D. 

[Read,  February  23,  1880.] 

A  SPHEEicAi,  ball  o£  granite,  unpolished,  was  suspended  by  a  pianoforte 
wire,  and  allowed  to  hang  freely  ;  from  the  brass  collar  by  which  the 
ball  was  suspended  an  index  projected  on  each  side,  the  pointed  ends 
of  the  indices  traversing  a  graduated  horizontal  circle,  whose  centre 
corresponded  with  the  line  of  suspension.  The  suspended  ball  was 
immersed  in  water  contained  in  an  iron  tub. 

The  weight  of  the  granite  ball  was  22452'85  grams,  and  its  mean 
diameter  was  25 1-46  millimeters.  The  length  of  the  wire  of  suspen- 

sion was  610-8  centimeters,  and  its  diameter  was  0889  millimeter. 
The  diameter  of  the  iron  tub  was  2  ft.  4  in.,  and  the  depth  of  water 
contained  in  it  was  1  ft.  9  in. 

The  method  of  observation  was  as  follows  :  the  indices  of  the  ball 

having  arrived  at  the  zero  of  rest,  the  ball  was  then  displaced  by  a 
torsional  movement  of  the  wire,  and  allowed  to  regain  its  position  of 
rest  by  a  succession  of  vibrations  of  diminishing  amplitudes. 

The  quantities  observed  were,  the  time  of  vibration  and  the  rate  of 
diminution  of  the  amplitude. 

The  equations  of  motion  of  the  apparatus  are  thus  found  : — 

where  x  -  the  varying  amplitude  of  any  point  of  the  surface  of  the 
ball  measured  from  the  zero  of  rest ; 

X=  the  tangential  forces  of  torsion  and  "  drag"  acting  at  the 
point  X. 

If  we  assume  that  for  low  velocities  the  friction  will  be  proportional 
to  the  velocity,  we  shall  have 

X=P.-/|;  (2) 

where  h  is  a  coefficient  depending  on  torsion,  and  /  is  a  coefficient 

depending  on  "  drag." 

^  By  the  term  "Drag,''   I  understand  tlie  combined  effects  of  Friction  and Tiscocity. 
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It  is  easy  to  see  that  tlie  complete  integral  of  the  equation  of 
motion, 

must  be  of  the  form 

X  =  «(?""  cos  nt  +  he""^  sin  nf,  (4) 

where  a  and  h  are  arbitrary  constants,  and  where  m  and  n  have  the 
values 

/. 

m  =  -^^, 

(5) 

-J'"-'t 
If  we  reckon  the  time  from  the  commencement  of  the  oscillation, 

equation  (4)  reduces  to 

X  =  ae'"*  cos  nf.  (6) 

If  T  denote  the  time  of  a  complete  double  oscillation,  we  find  from 
the  above 

fnT 
On^e^e''  (7) where 

On  -  amplitude  of  the  {n  +  1)**  vibration; 
Bo  -  amplitude  of  the  first  vibration. 

Prom  (7)  we  obtain  the  following  working  equation,   for  use  in 
the  calculations  to  determine  the  coefficient  of  friction  : — 

f'>'-^6  w 
Also,  we  have. 

T  ~V  4' 

from  which  we  obtain,  after  some  reductions, 

T=-=====^-  (9) 

If  we  introduce  into  this  equation  the  value  of  /  determined  by  (8), 
we  obtain  h,  which  depends  on  the  torsion  only. 
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T  =  1-51  Minute. 

Details  of  Experiments  on  Air. 

1.  2Sth  May,  1879  :— 

n  =  vibrations, 0  =  amplitude 
Hour. number  of 

of 
complete. 

■whole  arc. 

9  A.M. 

oo^-o 
iso^-o 

10      „ 

39  -8 99  -0 

11      ,, 

79  -5 68  -0 

Noon, 

119  -2 
56  -5 

1  P.M. 

159  -0 
43  -5 

\ 

From  these  data  I  find — 

Pirst  hour,    /=  1  v  6626 
T^vo  hours,    ,,       5564 
Three    ,,            „      6487 
Four      ,,            „      6590 

Mean  of  all,   /  =   . '  -^       6317 

2.  30th  May,  1879:— 

Hour. « 0 

0 

oo°-o 

92°-00 
1 

39-8 
68  -70 

2 

79-5 

50  -20 3 
119  -2 38  -90 4 

159  -0 
30  -50 5 

198-7 22  -00 6 

238  -4 
16  -85 7 

278  -2 

12-75 

Prom  these  data  I  find — 

One  hour,   /=  1 
Two  hours. 
Three 
Four 
Five 

Six 
Seven 

Mean  of  all, 

/  = 

1 
-f6191 

5952 
6278 

6532 

6299 
6735 
6384 

1 

6339 
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3.  ZUt  May,  1879  :— 

Hour. n Q 

0 

oo°-o 

92°-75 

1 

39  -8 
68  -25 2 

79  -5 

49  -50 3 

119  -2 37  -50 4 

159  -0 
26  -75 

5 
198  -7 

21  -00 

From  these  data  I  find — 

One  hour,    /=  1  ̂  5885 
Two  hours,    ,,       5742 
Three  „             ,,      597a 
Pour     ,,             ,,       5799 
Five      „             ,,      6067 

Mean  of  all,    f  =  ̂tz^- '  ''      5893 

4.  \Zth  June,  1879 

Hour. n 0 

0 

oo°-o 
100°-00 1 

39  -8 
71  -75 2 

79  -5 

54  -50 3 

119  -2 
39  -40 4 

159  -0 
31  -25 

From  these  data  I  find — 

One  hour,    /=  1  ̂   5437 
Two  hours,    ,,       5940 
Three    „             ,,       5804 
Four     „            „      6200 

Mean  of  all,    -^"5845* 
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5.  litk  June,  1879  :— 

Hour. « 0 

h.  m. 

000 

oo°-o 
100°-00 100 

39  -8 
74-25 

2-30 

99  -3 47  -25 
3-30 

139  -0 
35-50 4-30 

179  -0 
26  -00 

Prom  these  data  I  find — 

One  hour,    /=  1  ̂  6062 
Two  and  a-half  hours,.   .....  „      6007 
Three       „            „           „      6087 
Four        „            „           „       6027 

Mean  of  all,   /=   . 

■^      6046 

6.  16th  June,  1879:— 

Hour. M e 

h.   m. 0-00 

oo°-o 
100°-00 1-00 

39  -8 73-75 
2-00 

79  -5 

55  -00 
3  00 

119  -2 39  -00 4-00 

159  -0 29  -00 4-30 

179  -0 
25  -00 

From  these  data  I  find — 

One  hour,    /=  1  ̂   5928 
Two  hours,    ,,       6031 
Three   „             „      5741 
Four     „             ,,       5826 
Four  and  a-half  hours,    „      5856 

Mean  of  all   /=   . 

•^      5876 

I  have  no  doubt,  from  the  close  agreement  of  the  results  of  each 

day's  experiments,  that  the  differences  observed  from  day  to  day  are 
real,  and  depend  upon  the  varying  temperature  and  pressure  of  the 
atmosphere  :    but,  as  my  present  object  is  only  to  find  a  general  mean 
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value  for  the  "drag"  of  air  upon  air,  I  shall  take  the  average  of  all 
six  days,  which  give  us — 

1 

J''
 

1.  28th  May,  1879,    6317 
2.  30th     „  „     6339 
3.  31st      „  ,,     5893 
4.  13th  June,     „     5845 
5.  14th     ,,  ;,     6046 
6.  16th     „  „     5876 

Mean  of  all,   f=   . ,  J      6052-7 

T  =  1-56  MiNTJTE.l 

Details  of  Experiments  on  Vartry  Water. 

1.  Zrd  July,    1879. — Observed  by   Dr.    Reynolds,    using    single 
readings  of  one  index  : — 

n e Combination. I 

7 

0 
110°-00 1 95-00 

2 81  -00 3 69  -GO 4 
58  -50 5 50  -50 

6 42  -50 (0,6) 
1 

295-6 

7 
36  -50 8 
31  -00 9 26  -25 10 
22  -50 

11 19  -00 
12 16  -00 (0,  12) 

1 

291-6 

Mean,      .     .     .     . ^      293-6 

1  Some  alterations  (of  a  sligM  kind)  had  been  made  in  the  mode  of  suspension  of 
the  ball,  after  the  trials  in  air. 
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2.  InA  July,    1879. — Observed  by  Dr.  Eeynolds,    using  single 
readings  of  one  index : — 

n 9 Combination. I 

7 

0 98°-00 
1 

85  -00 2 
72  -50 3 62  -50 

4 
53  -50 

5 46  -00 (0,5) 
1 

309-7 
6 40  -00 
7 34  -00 8 

29  -00 9 
25  -25 

10 
21  -25 (0,  10) 

1 

306-5 

11 
18  -00 12 16  -00 13 
13  -00 14 
11  -50 

15 
10  -60 (0,  15) 

1 

307-9 

16 8  -00 

ilean,      .     .     .     . 
■'      3080C 

\'
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3.  1th  July,   1879. — Observed  by  Dr.  Macalister  and  self,   using 

single  readings  of  one  index  : — 

11 

e Combination. 
I 

7 

0 
ior-25 1 
87-50 2 

75  -50 3 
65  -00 4 
55  -00 6 
48  -75 1 

313-1 

6 
41  -25 (0,6) 

7 35  -75 
8 29  -50 
9 26  -75 

10 
22  -50 

11 
18  -50 12 

17  -GO 1 13 
15  -00 

(0,  13) 

318-9 

Mean,      .     .     .     . 

■^      3160 

4.  %th  July,  1879. — Observed  by  Dr.  Macalister  and  self,  using 
double  readings  with  both  indices  : — 

0 Combination. 
1 

/ 

0 102°-125 
1 87  -875 (0,     1) 

311-7 

2 75  -375 (0,     2) 

308-5 

3 64  -750 
(0,     3) 

308-5 

4 56  -000 (0,    4) 

311-9 

5 47  -875 (0,     5) 

309-2 .     6 
41  -625 (0,     6) 

313-2 

^7 

35  -750 (0,    7) 

312-5 
8 30  -750 (0,    8) 

312-3 
9 26  -375 (0,    9) 

311-5 

10 22  -750 (0,  10) 

312-0 
Mean,    . .     .     .     311-13  +  0-37  (mean  probal 

)le  error). 
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The  mean  of  the  three  observations  with  single  readings  is, 

1 

/  = 

305-88' and  the  mean  of  all  the  ohserTations  made  with  amplitude  6o,  nearly 
100°,  is 

f 
1 

308-50 

5.  %th  July,   1879. — Observed  by  Dr.  Macalister  and  self,  using 
double  readings  with  both  indices : — 

n e Combination. 
I 

7 

0 346°-500 
(0,  15) 

307-0 

1 298  -000 (0,     1) 

310-7 
2 253  -250 (0,    2) 

298-9 

3 missed — 
4 186  -500 

(0,    4) 

302-5 

5 158  -670 (0,    5) 
299-7 

6 136  -870 
(0,    6) 

302-3 

7 116  -750 (0,     7) 

301-5 

8 100  -620 (8,  13) 

306-7 
9 86  -250 

(5,    9) 

307-4 

10 74  -250 (5,  10) 
308-7 

11 63  -750 
(5,  11) 

308-3 

12 54  -500 (0,  12) 

304-0 

13 46  -875 
(0,  13) 

304-5 

14 40  -375 (10,  14) 

307-7 
15 35  -125 (10,  15) 

313-0 

Mean,    . 
.     .     =  305-53"+  07-1  (mean  probal 

Die  error). 

1  I  counted  tlie  fourth  obserration  with  double  readings,  equal  in  value  to  the 
mean  of  the  three  obseiTations  with  siagle  readinffs. 
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6.  9th  July,  1879. — Observed  by  Dr.  Macalister  and  self,  using 
double  readings  with  both  indices  : — 

n e Combination. 
7 

0 346''-750 
(0,  16) 

306-3 

1 295 875 
(0,  15) 

306-9 

2 254 375 
(0,  14) 

308-5 

3 
217 

500 
(0,  11) 

307-3 

4 
187 

625 
(0,     4) 

305-1 

5 160 625 (0,     5) 

304-4 

6 
137 

375 (0,     6) 

303-6 

7 118 500 (0,    7) 

305-4 

8 102 500 
(0,    8) 

307-5 

9 88 000 
(5,    9) 

311-5 

10 

75 
750 (5,  10) 

311-7 

11 64 825 
(5,  11) 

309-8 

12 55 
250 

(0,  12) 

306-1 

13 
48 125 

(0,  13) 

308-4 

14 41 375 
(10,  14) 

309-9 

15 
35 

125 (10,  15) 

304-8 

16 30  -000 (10,  16) 

304-2 Mean,  . 
.     .     .     307"14  +  0-41  (mean  proba 

jle  en'or). 

The  mean  of  this  and  the  preceding  Table  is 

/  = 

306-335 

for  amplitudes  ranging  up  to  360°.     The  mean  value  of/  from  all  the- 
experiments,  is  as  follows  : — 

1 

f'
' 

Mean  value  of  1,  2,  3,  4,   308-50 
Mean  value  of  5,   305-53 
Mean  value  of  6,   307-14 

Mean  of  all,         307-057 

Prom  the  preceding  value  of  /  -we  can  determine  the  relation 

between  the  slope  of  a  water-surface  and  its  velocity.  "We  have,  for 
the  equation  of  motion  of  the  surface, 

d'x  .     .       .dx 
-  =  ̂ sm.-/-; (10) 
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where  ff  denotes  the  force  of  gravity,  i  the  slope  of  Ihe  surface,  and 
a;  the  distance  of  any  particle  from  the  origin  measured  in  the  direc- 

tion of  the  motion.  If  v  denote  the  velocity  of  a  particle,  equa- 
tion (10)  hecomes  at  once 

j^+fv=g  siui;  (11) 

which  gives,  by  integration, 

e^{g  sin  i  -  fv)  =  const.  (12) 

This  indicates  that  the  velocity  will  increase  from  zero  up  to  the 
value  given  by 

g  sin  i  —  fv  =  0,  (13) 

after  which  it  will  remain  constant  for  ever. 

The  final  constant  velocity  given  by  equation  (13)  is 

v=^—r-=  32-2  X  307-057  sin  t.  (14) 

If  we  express  the  velocity  in  feet  per  second,  and  call  h  the  slope 
per  mile,  we  find 

V  =  1-8726  X  Aft.  per  second;  (15) 

which  is  equivalent  to 

V  -  30-642  h  miles  per  day.  (16) 

Dr.  Carpenter  has  proposed  to  explain  the  phenomena  of  ocean 
circulation  by  the  greater  height  of  the  water  at  the  equator  as  com- 

pared with  that  at  the  poles. 
If  we  call  the  distance  from  the  equator  to  the  pole  6000  miles, 

and  suppose  the  velocity  of  the  surface  current  towards  the  pole  to  be 
only  one  mile  per  day,  we  find  from  equation  (16),  that  this  would 
require  a  head  of  water  at  the  equator 

h  =  195-80  feet 

No  such  difference  of  level  can  be  admitted  between  the  equili- 
brium levels  of  the  equatorial  and  polar  oceans. 

K.  I.  A.  PROC,  SEE.  II.,  VOL.  III. — SCIENCE.  Y 
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The  latest  accurate  estimate  of  tlie  difPerence  is  that  made  by 

Mr.'Croll,  viz.,  4^  feet. 
This  head  of  water,  if  it  could  produce  an  oceanic  flow  at  all, 

would  be  one  at  the  rate  of  one  mile  in  42*567  days  ;  or  a  flow  that 
would  occupy  700  years  to  pass  from  the  equator  to  the  poles. 
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XLYII. — Mathematical  Notes.     By  A.  H.  Anglin. 

[Read,  January  12,  1880.] 

Absteact. 

I. 

If  tti,   oo,   a^,  .  .  .  a,„  he  roots  of  the  equation 

x"'  =  2h  -iC"'^  +  _^2-^™""  +  Ps.x'"''^  4-  .   .   .  +  p,n, then 

hn    =  Px  '  hn-l  +  i?2  .  /«»-2  +  Pz  •  hn-S  +   •     .     •   +  P,n  •  K-m   in  >  m), 

where  A„  is  the  sum  of  the  homogeneous  products  of  ai,  a,,  as  .  .  .  a,^, 
of  n  dimensions. 

The  proof  of  this  may  be  briefly  indicated  thus  : — 

"We  have 

iij™  -  px ,  ̂ '""^  -  Pi .  x'"''^  -  ...  -  p,,^  =  {x  -  ttj)  (:c  -  tto)  .   .   .  (^x-  a„,), 

"Writing  -  for  x,  ii.:-'Jtiplying  off  by  a?'",  and  finally  equating  co- 

efficients of  x^  in  both  members  of  the  equation,  we  shall  find  that 

hn    -  Pi  .  hn-l    -  Pi  .  ̂„-2    -    ...    -  P,n  •  4-m     =     0  ; or, 

hn  =  Px  ■  h»-i  +  po .  h„_2  +  Pi  .  /«»-3  +  .   .   .  +  p„, .  A„-„,. 

The  particular  case  of  a  quadratic  equation  is  then  noticed.     If 

a,  ̂   be  roots  of  oo~  =  p)^  +  ̂ ,  we  have 

hn     =    P'hn-X    +    q-hn.i, 

where  A„  is  the    sum  of  the   homogeneous   products  of   a,   (3  oi   n 
dimensions.     From  this  it  is  deduced  that 

(2»-3)(2w-4)(2«-5)     ,,^  (w+l).w  ,  J        „ 

+  v   '^^     ^     g    \p"'-'.q'  +  .  .  •  +  '     ̂     ^       .pKf-'  +  q"        (0 

E.  I.  A.  PEOC,  SEK.  II.,  VOL.  III. — SCIENCE.  Z 
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and  that 

^2«+i  =  r"^'  +  2w  .y-«-^ .  ̂  +  ̂   -^ —  -i?^"-' .  t 

(2^-2)(2>^-3)(2^-4)  («  +  2)(^  +  l)^ 

1.2.3^  *^        '^       ■  ■  ■  1.2.3        '^  '^ 

+  (w+  1)  .^^"  .  .  .  .  ,     (2) 

eaeli  of  wliich  series  consists  of   n  ̂ ■\  terms. 
Conversely,  the  sums  of  the  series  (1)  and  (2)  are  known;  for 

they  are,  respectively,  lun  and  ̂ 2«+ij    i- e., 

and 
(a-'^+2  -  yS2"  +  2)   ̂  (a  -  ̂ ). 

Finally,   7^,^  is  expressed  under  another  form,  viz. : — 

T  At  —  V) 

+  f  •  K-2r  ; 

which  may  be  expressed  symbolically  thus : — 

II. 

If  x"'  =  pi.x'"-'^  +  p2-x"'~-  +  pi.x'"-^  +  .  .  .  +  Pm,   to  express 
ic"  {n  >  m)  in  form 

Ii.x'"-^  +  Po.x'"-""  +  Pz.x"'-^  +  .  .  .  +  P,„. 

A  particular  case  is  first  considered.     If  x'^  =  px^  -f  qo^  -^  rx  \  s, 
to  express  ̂ "  in  the  form 

la?  +  Qx^  +  Ex  +  S. 

"We  may  briefly  indicate  the  solution  thus  : — 

Multiplying  both  sides  of  equation  x^  =  pa?  +  qa?  +  r;K  +  s  by  a;,  and 
arranging  the  terms,  we  shall  find 

oc'  =  h^.a?  +  {qhi  +  r)a?  -i-  {rhi  +  s)x  +  sJh . 
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Eepeating  this  process,  we  shall  find  by  the  application  of  (I) — 

x^   =   h-i.x?  +  {qho  +  rhi  +  s)  .XT  +  {rli-i  +  sJi-^  .x  +  s.h^, 

where    A„   is  the   sum   of   the   homogeneous    products   of    roots   of 

xi^  =  pa?  +  qx^  -\-  TX  -^  s  of  n  dimensions. 
Finally,  it  is  shown  by  the  process  of  Mathematical  Induction, 

and  the  repeated  application  of  (I),  that 

a;"  =  7^„_3 .  X?  +  {jiK-i  +  r/^„-5  +  s .  7i„_6) .  X' 

+  (r .  A„_4  +  s.7z„_5)  .a;  +  s.h„_i. 

The  general  case  is  established  in  a  similar  way — 

X"^    =  2h  •  X"^'^    +'P2.X''^~^    +    .     .     .    -^  Pm- 

Multiplying  both  sides  of   this   equation  by  x,  and  arranging  the 
terms,  we  shall  find 

a;"'  +  l    =    Jl2  '  X"'~'^  +  iP2  h  +P3)  •  *''"'^  +   .    .    .  +  {P,n-1  .  h  +Pm)  •  « 

+  p,„.hi' 

Eepeating  this  process,  we  shall  find  by  the  application  of  (I), 

a;'»+2  =  hs.x'"-'^  +  {po7i2  +pzhi  +pi).x"'-'  +  .  .  . 

+    {Pm-l  ■  h  +  Pm  •  h)  'X    +  i?,„  .  ̂2- 

Finally,  it  is  shown  by  the  process  of  Mathematical  Induction, 

and  the  repeated  application  of  (I),  that — 

If  a;™   =  pi .  x'"^'^  +  P2 .  x"'-~  +    .    .    .    +  p,n,   then 

X"-  {n  >  m)    =    K-,n  +  i  .  X'"-'^  +  {p.  .  h„_,„  +  p^  .  /«„_',n_i  +Pi  .  K-m-2  +  •   • 

+  {PZ  •  K-m  -^Pi  •  K-,n-l  +   .    .    •   +P,n  '  K-im  +  z)  •  ̂'"'^ 

+   +  iPm~l  ■  K-m  +  Pm  •  K-m-l)  '  ̂  +  p„,  .  h„.„„ 

where  h,i  is  the  sum  of  the  homogeneous  products  of  roots  of 

X'"    =  Px  .  «"'"^  +P2,X"'-^  +  .   .   .  +p,n, 

of  n  dimensions. 

Z2 
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Explanation. 

By  the  "  sum  of  tlie  homogeneous  products  of  aj,  an,  ...  a,„  of 
n  dimensions"  is  meant  the  sum  of  all  the  products,  each  of  n 
dimensions,  that  can  be  formed  of  ai,  a^,  ...  a„,  and  their  powers. 

It  is  the  coefficient  of  «"  in  the  development  of 

1—  tti^     \  —  anX  1-  a„iX^ 

i.e.,  in  the  development  of 

(1  +  ttiiC  +  a^x-  +...)(!+  ao^;  +  aJx^  4-  ...)...  (1  +  a,„a;  +  ajx''  +  .  .  .) 

"We  notice  that  it  includes  the  poicers  of  a^,   a^,   .  .  .  a,^,  and  it  is 
often  expressed  more  fully  thus : — 

"  The  sum  of  the  homogeneous  products  of  aj,  a^,  .  .  .  a^  and 

their  powers,  all  of  u  dimensions." 

The  number  of  homogeneous  products  of  n  dimensions  that  can  be 
formed  out  of  aj,  a,,  .  .  .  a,„  and  their  powers  is  found  in  the  usual 

way  by  putting  %,  02,   .  .  .  «„»  each  -  1,  and  is  • 

\m  +  n -  \ I  m  —  1  \  n 
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XLYIII. — Ojf   THE   Satellite   of   a   Line   meeting   a   Cttbic.      By 

"William  E.  Eobekts,  M.  A. 

[Eead,  April  12,  1880.] 

Befoke  entering  on  the  discussion  of  the  equation  of  the  satellite  and 
that  of  the  tangent  at  the  three  points  in  which  a  given  line  meets  a 

cubic,  it  will  be  found  convenient  to  premise  the  following  theorem  : — 

Given  the  equations  of  two  curves  of  the  p*^'  and  £*''  order,  respec- tively, 

(1).        ̂ {xy^)   =   0, 

(2).        Hxyz)   =    0, 

to  form  symmetric  functions  of  the  pq  values  which  simultaneously 
satisfy  the  two  equations.  Eliminating  xy%  between  (1)  and  (2), 
and  the  equation  of  an  arbitrary  line  Ix  +  my  -{■  %n  =  0,  we  obtain  an 
equation  of  the  pq^^''  degree  in  I  m  n,  which  may  be  written 

A(<^,  ./.)   -   Ap„o,ol"'  +  A,,_„„oP"'-'m  +  .  .  .  &c,; 

then  we  shall  have — 

■^pqj  o>  0   —    K  .  Xi  X2  •  •  '  Xpg ; 

■^pq-ij  1)0   =   K.  .2i  yi  Xo  X'i  .  .  .  Xpf^ ; 

&c.,  &c. 

Having  found  these  fundamental  symmetric  functions,  the  formation 
of  others  presents  no  difficulty. 

Let  T  =  0  be  the  equation  of  the  tangents  at  the  points  where 
L  ~  Xx  +  ixy  +  vz  meets  the  cubic  17=  x^  +  y^  +  %^  +  &mxy%,  then 
we  must  have — 

T  =  ̂ U  -  KBM, 

where  S  is  the  condition  that  L  should  touch  TJ  and  M  E  A'«  +  i>!y  +  v'z 
is  the  satellite  of  L.  Por,  when  Z  touches  If,  T  must  reduce  to  the 

product  Z^Jf  multiplied  by  a  numerical  factor  K. 
The  polar  conic  H  of  any  point  x'y'"^  on  T,  TJ,  and  Z,  all  pass 

through  a  common  point.  Hence  the  eliminant  of  8,  Z,  and  ZT", 
equated  to  zero,  will  express  that  x'lj':^  lies  on  T.     Oi', 

T  ̂   [x^  +  y^  +  t.{  +  6mXiyiZi)  {xi  +  y?  +  t-?  +  6«j .  x^jjo'^o) ; 

^'i^/i-ij  x-iyoZz  being  values  common  to  S  and  Z.     It  will  be  sufficient 
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for  our  purpose  to  calculate  the  coefficient  of  x'^  in  T.     Forming  the 

equation  A  (>S,  L),  and  putting  y'  =  %'  =  0,  we  find — 

XiX-i   =   -  2m  fjivx', 

yiy%  =  v'^x', 
Si  S2     —  fX  X  , 

yi^2  +  %y2  =  -  2  (/xj/  +  m\^)  x', 

Sia?2^S2^i   =       2m\iJix', 

x^yo  +  y^x^  =       2m\vx'. 

The  coefficient  of  x'^  is  found  to  be — 

^6  +  ̂ 6  _  (^2  +  32m^)  ̂ ^v^  -  18m  X^ix^v' 

-2im^Xlxv{X^  +  lj?  +  v^')  -  Sm^X'^ 
-  16m^  X^  (/x^  4-  J^^). 

JSTow, 

2   =   A6  +  /  +  V*'- (2  +  32m3)(X>H/x3v3  +  j/3X3) 

-  24»i-  Xfxv  (A^  +  /x^  +  v^)  -  (24m  +  48m*)  A.^" v^ 

Substracting  the  above  quantity  from  2,  we  find — 

JTA^/V  =   (1  +  Sm^)  X^  {  X*  -  2A  (/x^  +  v^)  -6mfrv-}. 
Hence, 

JT  =   (1  +  Sm^), 

A'  =  A*  -  2  A  (/x^  +  v^)  -  em/x^v^ 

fji'  =  [x^-  2fi  (A^  +  v=^)  -  6m  v^'A^ 

v'   -   V*  -  2i/  (/x^  +  A3)  -  6m  A-/x^ 

The    form    of    these    co-ordinates    at    once   suggests  the  following 
theorem  : — 

The  satellite  of  a  given  line,  meeting  a  system  of  cubics  passing 

through  the  inflexions  of  V,  passes  through  a  fixed  point. 
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XLIX. — On  the  Dieections  op  Main  Lines  of  Jointing  obseevable 
IN    THE    EoCKS   ABOUT    THE    BaT    OF    DtTBLIN,    AND    THEIK    RELATIONS 

WITH  ADJACENT  CoAST  LiNES.     By  J.  P.  O'Reilly,  C.E.,  Professor 
of  Mining  and  Mineralogy,  Eoyal  College  of  Science,  Ireland. 

[Bead,  February  23,  1880.] 

"When  submitting  to  the  Academy,  in  January,  1879,  a  memoir  upon 
the  correlations  of  lines  of  direction  on  the  Earth's  surface  (vide 
Transactions,  vol.  xxvi.,  p.  617),  I  expressed  the  hope  of  being  able  to 
bring  forward  a  series  of  observations  in  support  of  the  theory  therein 
involved,  to  be  taken,  in  the  first  place,  from  the  three  kingdoms,  the 
Geology  of  which  has  been  so  thoroughly  worked  out  in  most  of  its 
details. 

During  the  last  two  summers  I  made  a  series  of  determinations  of 
directions  of  main  lines  of  jointing,  on  the  north  and  south  sides  of 
the  Bay  of  Dublin,  which  I  have  the  honour  of  submitting  to  the 
Academy,  with  a  summary  of  the  consequences  which  I  think  are 
fairly  deducible  therefrom,  and  which  go  in  support  of  the  general 
theory  of  correlation  already  referred  to. 

I  have  in  the  first  place  simply  detailed  the  measurements  and 
observations  made,  and  have  then  grouped  the  directions  of  jointing 
into  series,  showing  their  relations  one  with  the  other  and  with  the 
coast  lines. 

Commencing  at  Blackrock,  the  most  northerly  outcrop  of  the 
Dalkey  or  Wicklow  granites,  there  occur  on  the  shore,  just  beside 
the  railway  station,  patches  of  granite  which  extend  out  in  small 
promontories  in  a  N.E.  direction. 

One  patch  of  this  rock  occurs  close  under  the  Blackrock  station, 
and  forms  there  part  of  the  sea  wall.  It  presents  the  constitution  of 

a  well-marked  granitic  Breccia^  which  has  not,  that  I  am  aware  of, 
any  representative  in  or  about  the  Dublin  coast.  It  evidently  re- 

presents the  consequences  of  a  fracture  having  taken  place  in  the 
immediate  vicinity,  and  is  in  all  probability  related  to  the  cause  which 
determined  the  northern  limit  of  the  Dalkey  granites.  This  is  to  a 

certain  extent  indicated  by  the  direction^  of  the  jointing  observed  in 
this  granite  : — 

Blackrock : — 

1.  General  direction  in  a  rough  joint,        ....     jST™*         67°  W. 
2.  Cross  jointing,   ,,  13°  E. 
3.  Jointing  in  rocks  at  ladies'  bathing-place,  under  Idrone- 

terrace,   ,,  67°  W. 
4.  Another  jointing  in  the  same  place,      .         .         .         ■       ,,  67°  W. 

'  See  ' '  Notice  of  some  Remarkable  Appearances  of  the  Granite  to  the  Soutli  of 
Dublin,"  by  the  Eev.  H.  Lloyd,  F.T.C.D.,  M.E.I. A.,  Proc.  Geol.  Soc. :  Dublin, 
Nov.  10,  1833. 

^  The  directions  in  this  Table  are  magnetic.  The  magnetic  variations  beuag,  for 
the  date  of  the  observations,  about  22°  "W. 
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People's  Park,  Blackrock  : — 
5.  Joint  in  granite  about  100  yards  west  of  path  up 

to  Eock-road,    X"-         53°  E. 
6.  Jointing  fmtlier  west,  .         .         .         .         .         •  ,,           44°  E. 
7.  General  direction  of  jointing,        .         .         .         •  ,,       48°— 50°  E. 

Seapoint : — 
8.  To  the  west  of  the  Martello  Tower  and  opposite  the 

Terrace,  repeated  vertical  jointing  in  the  granite,  ,,           44°  E. 
9.  Joint  at  corner  beside  the  Tower,  .         .         .         ■  ,,       12°— 13°  "W. 
10.  Martello  Tower,  joint  at,    ,,      20°-23°  W. 

Salthill  :— 

11.  At   stairs   between  Mai-tello   Tower   and   Salthill 

Station,  well-marked  joint  parallel  to  Eailway,  .  ,,         50°  30'  "W. 
12.  About  45  yards  north  of  the  stairs,        .         .         •  ,,           68"  W". 
13.  Jointing  just  beside  bathing  place  at  Salthill,          .  ,,      48°— 50°  W. 
14.  ,,       fiu-ther  to  the  north  at  this  poiat,     .         .  ,,      47°— 49^  "W". 

15. 
16. 
17. 
18. 
19. 
20. 

21. 
22. 

23. 

24. 
25. 

Kingstown  : — 
Victoria  Baths,  Eiurite  jointing  at, 
,,  ,,      under  old  Battery, 

120  yards  east  of  old  Battery, 

Near  St.  Alban's,  shore  of  Scotchman's  Bay,  well- 
marked  jointing,        ...... 
5»  ))  ))  5)  J)  )5 

100  yards  east  of  St.  Alban's,        .... 

Scotcliinan's  Bay : — 

Between  St.  Alban's  and  Sandycove,  at  about  160 
yards  east  of  St.  Alban's,  jointing,    . 

86°  "W. 
14°  E. 

32°  30'  E. 
62°  30'  W. 

ir-12°E. 
15°  E. 
39°  E. 
11°  E. 

60°  W. 

64°  "W. 16°  30'  W. 

26. 
27. 
28. 
29. 

30. 
31. 
32. 
33. 

Sandycove  : — 
Just  north  of  Battery, 

To  the  east  of  the  Battery,  vertical  and  repeated, 
Under  MarteUo  Tower,  .... 
About  100  yards  east  from  Tower, 

.  „      300      „  „  „  .  . 
About  300  yards  west  of  Bullock  Harbom-,  weU 

defined  gaping  joint,  .... 

28°  W. 

57=  E. 46°  E. 
35°  W. 
24°  E. 

61°  30'  W. 65"  W. 

44°  E. 

Bullock  Harbour  : — 

34.  North-east  corner,  three  well-marked  joints,  . 
35.  ,,  ,,        well-marked  joint,    . 
36.  ,,  ,,        north  of  last,  awell-marked  joint, 
37.  ,,  ,,        another,  ..... 
38.  At  end  of  yard,  to  east  of  coal-yard  and  next  it, 

gi-eat  open  joint,  2™"  broad  and  3™-  at  mouth ; 
slight  dip  east,   

27°  E. 7°-8°  E. 

27°  E. 
27°  E. 

38°-39°  E. 
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S9. 

40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 

48. 
49. 
60. 
61. 
52. 

53. 

55. 

56. 
67. 

68. 
59. 

60. 

61. 
62. 
63. 

64. 

65. 
66. 

67. 
68. 
69. 

70. 
71. 

72. 
73. 

Kingrstown  Q,uarry  at  Victoria  Baths  : — 

Victoria   Baths,  quarry  opposite  to,  two  lodes  or 
dykes  well  marked,  at  north-west  comer, 

Joint  in  same  place,      .... 

At  south-east  corner,  well-marked  face,  19" 
Jointing  here,       ..... 

,,  ),     in  sast  side,    . 
]srm. 

long, 

Bullock  Quarry  : — 

Joint  on  noi'th  side, 
south  side. 

At  east  end,  Eurite  vein, 

,,         ,,      Quartz  vera,  16  inches  wide, 

Dalkey : — 

Old  quarry  at  Trafalgar-row,  jointing  in. 

Sorronto  Terrace  : — 

Under  Dr.  M'Donnell's  house,  Quartz  and  Eurite 
bands  iu  rocks  along  south  side  of  Terrace, 

Dalkey : — 

Tunnel  at  Khyber  Pass,  jointat  south  side  of  Railway, 

,,  ,,  at  about  lO"^"  west  of  this,    . 

Killiney : — 

On  shore,  at  about  250  yards  east  of  Dr.  M'Donnell's 
house,       ........ 

Eepeated  joiutiug,        .         . 

,,  ,,  .  . *  .      * 
Very  repeated  cross  jointing  here, 

liOng'  Kock  : — 

Bathing  place,  extremely  well-marked  joiutiug  and 
dyke,   

j>        _     ))  ))  ))  )j  ■>■>       ■ 
Cross  joiuting,      ....... 

TorcLuay  Hill : — 

Several  parallel  joints,  well  marked. 
Cross  jointing  repeated,         ..... 
Eidge,  200  yards  east  of  Old  Telegraph, 

Killiney  Hill: — 

In  depression  to  east  of  old  Telegraph, 

Between  old  Telegraph  HUland  Obehsk,  well-marked 
Eurite  vein  in,  ...... 

Another,      ........ 

67°  W. 

67°-68°  W. 
19°-20°  E. 

63^  "W. 38°-39°  W. 
41°-42°  E. 

31°-33°E. 

67°-58°  W. 
43°-44°  W. 

48°-49°  W. 
63°-55°  W. 

49°  W. 

51°-52°E. 
37°-38°  W. 

38°  W. 
42°  W. 

28°  45'  W. 

18°-20°"W." 

45°  30'  E. ' 23°-25°  W. 
25°-26°  W. 

25°  W. 
28°  W. 

87°  E. 

31°  45'  E. 

27°  30'  W. 
29°  30'  W. 34°  E. 

28°  30'  W. 
33°  E. 
18°  W. 

32°  30'  W. 

33°  W. 
25°  W. 
18°  W. 
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KiUiney  Hill — continued. 

74.  Depression  between  old  Telegraph  Hill  and  Obelisk 

Hill,  general  direction,   JST™-       8°-10°  E. 
75.  On  road  at  Killiney  House,  contact  of  granite  and 

mica  schist,   ,,  46°  E. 
76.  40  yards  west  of  entrance  to  Killiney  Castle,  great 

Eurite  dyke,  vertical  and  much  banded,     .         .       ,,  24°  E. 

Killiney  Park : — 

77.  Contact  of  granite  and  slate  rock,  fault  (the  direction 
of  the  contact  line  runs  out  between  the  two 

Sugar-loaves),  ....... 
78.  Joint  cutting  off  the  banded  granite  or  gneiss  to 

the  east,  ........ 
79.  Contact  of  granite  and  slate  rock  at  western  end 

in  park,    ........ 
80.  Contact  direction  taken  on  a  line  4™"  from  face  of 

joiat  and  parallel  to  it,  about  30  yards  long, 
81 .  Eui'ite  vein  on  west  side  of  Park,  apparent  direction, 
82.  ,,         ,,  to  the  west,  near  the  new  Quarries, 
83.  Band  of  Eiu-itic  granite  here,         .... 
84.  Face  of  granite  joint,  well  marked,  as  if  of  bedding 

(dip  south  at  62°),      ...... 
85.  Eurite  band  here,  .         .         .         .         . 

39°  E. 

47°-50°  E. 

42°  E. 

39°-40°  E. 
26°  W. 
26°  W. 

27°  W. 

25°  W. 
54°  W. 

Dalkey  Island : — 

86.  East  of  Boat  Harbour,  repeated  vertical  joiating,  . 
87.  ,,  ,,  ,,         great  Eurite  vein,  vertical, 0m-50-0™-80  thick, 

88.  ,,  ,,  ,,         joint  further  east, 
89.  ,,  ,,  ,,         set  of  joints, 
90.  „  „  „  ,,        _„ 
91.  ,,  ,,  ,,         big  joint   looking   towards 

Bailey  Light-house, 
92.  On  east  side,  north-east  point,  joint,     . 
93.  Near  easternmost  poiat,  two  joints  at  an  interval 

of  3'n-,   
94.  North-east  point,  opposite  Muglins,  set  of  quartz 

joints,  .... 
95.  ,,         ,,         ,,     Eurite  vein  with  felspar  crystals 
96.  ,,         ,,         ,,     vertical  joint  at  same  point, 
97.  Near  rocking  stone  in  little  inlet,  Eurite  veia  0'"'50 

thick,  vertical, 

98.  ,,         ,,         ,,       Eurite  vein  close  by, 
99.  Jointing  parallel  to  south-east  coast  line, 
100.  Just  imder  Battery,  Eurite  vein,  1™'  thick  (a  series 

of  these  extending  to  the  south-west  shore  line), 
101.  Between  Martello  Tower  and  Battery,  jointing, 
102.  Under  Martello  Tower,  jointing,  . 
103.  „  „  „  „  .  .  . 
104.  Near  south  corner  of  enclosed  field, 
105.  North  corner 

70°  W- 6°-7°  W. 
6°-7°  W. 

26°-28°  E. 
28°-30°  E. 

38°-40°  E. 
43°  E. 

42°-43°  E. 

7°-8°  "W". 

23°-24°  W. 
7°-7°30' W. 

22°  30'  W. 
28°- 30°  W. 

37°-38°  E. 

18°- 19°  W. 
30°  E. 

48°-49°  E. 
16°- 17°  E. 

68°  E. 
51°  E. 
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106. 

107. 
108. 

109. 

110. 
111. 
112. 

Dalkey  Eail'way : — 
Between  the  two  bridges,  east  of  Sandycove  Station 

on  north  side,  vertical  jointing. 
At  bridge,  100  yards  west  of  Glenageary  Church, 
,,  ,,  ,,        on  north   side   of    line, 

well-marked  joint,  with  slight  dip  to  south. 
East  of  bridge,  at  Glenageary  Church,   repeated 

jointing,  slight  dip  to  east, 

40  yards  east  of  bridge,  vertical  jointing,  ] 

.'    N-"- 

7^-8 

°W. 

)5 

18"-2 

3^W. 

A 

23° 

W. 

KX 

39° 

E. 

JJ 

36° 

E. 
5  J 

42° 

E. 

48'^
 

W. 

Dalkey  : — 

113.  Entrance  to  old  Quan-ies,  Dalkey,  north-west  side, 
great  face  of  rock,       .         .         .         ■  ,,       20°-22°  E. 

114.  ,,         south-east  side,  great  face  of  rock,  .  ,,         2°-3°  E. 
115.  ,,        south-west  side,     ,,      ,,  ,,      .         .  ,,         7°— 8°  W. 

116. 
117. 
118. 
119. 
120. 

121. 
122. 
123. 
124. 
125. 

126. 
127. 
128. 

129. 

130. 

131. 
132. 
133. 

134. 
135. 

136. 

137. 
138. 
139. 
140. 

141. 
142. 

143. 

Dalkey  Q,uarries  : — 
East  side  of  eastern  quany,  vertical  face, 
,,  ,,  ,,         another,  vertical  face, 
,,  ,,  ,,         general  direction. 

Eastern  quarry,  south-eastcorner,greatverticalface, 
,,  ,,      20  yards  from  south-west  comer, 

vertical  joint,  with  quartz  vein, 

,,  ,,       vertical  cross  jointing,  apparentlj', 
,,  ,,       west  side,  south  end,  great  face,    . 
,,  ,,  ,,  towards  middle       ,, 
,,  ,,  ,,  at  north-west  end,  face, 
J,  ,,       cross  jointing,  at  south  end,  rough 

and  broken,        .... 
Middle  lower  Quarry,  north-east  side,  vertical  face, 

, ,  outcrop  on  ground, 
south-east  side,  great  vertical 

face,         .... 
south-west  side,  great  central 

rib,  under  old  Telegraph,  . 
Eurite  vein,  on  continuation 

of  this,     .... 

west  side,  joint  near  Eurite 
vein,  dip  east,  . 

west  side,  Eurite  vein,  dip  east, 

, ,     j  oint  more  to  west,  ■with 
same  dip, 

,,     gTcat  Eurite  vein,  0™' 30 thick,  dip  west, 
,,     cross  jointing,    . 

,,     great  vertical  face, 
north-westpoint,  Eurite  vein, 

Upper  Quarry,  great  Eurite  vein,  0™-25  thick,  imder 
old  Telegraph,     .... 

another  in  same  place,    . 

great  Eurite  vein,  2"'-o0  thick,  dip- 
ping east,  running  approximately 

in  direction  of  Blacln'ockP.  Church, 

10°- 12°  W. 
21°  W. 
18°  W. 
18°  W. 

18°-19°  "W. 58°-59°  E. 
12°-13°  W. 
11°-12°  W. 

5°W. 

54°-55°  E. 
21°-22°  W. 

21°  W. 

12°-13°  W. 

18°  W. 

17°-18°W. 
21°-22°  W. 
17°-18°  W. 

22°-24°  W. 
2o°-26°  W. 

25°-26°  W. 

21°-22°  W. 
42°-43°  E. 
17°-18°  W. 
26°-27°  W. 

26°-27°  W. 

13°  30'- 14°  "W. 

28°  30'  W. 30°  W. 
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Dalkey  Q,uarries — continued. 

144.  Upper  Quarry,    6-7   yards  west,    great    dyke    of 
feldspathic  porphyry, 

145.  ,,  ,,        quartzite  vein,        .... 
146.  ,,  ,,        10  yards  west  of  tMs  joint,     . 
147.  Lower  west  Quarry,  north-west  point,  joint, 

Carrickmines  : — 

148.  Joint  in  granite,  400  yards  south  of  Station,  in 
fiu'ze  field,        ....... 

The  Dingle  : — 
149.  Jointiag  of  rock  in,  on  east  side,  .... 
150.  On  west  side,  beside  cottage,  cross  jointing,  . 

Carrickmines  : — 
151.  Lode,  north  of  smoke  stack,  .... 

Scalp  : — 
In  wood,  on  east  side,  jointing  in  slate  rock, 
Joiating  in  granite  face,  on  east  side,    . 

Howth  :— 
Balscaddan  Bay,  quartz  vein  in  highly  altered  slate 

rocks,  220  yards  east  of  bathing- 
place,          

,,  ,,     south  side  of  detached  rock  called 
"The  Stag,"   .... 

Puck's  Eocks,  well-marked  joint  in,       . 
,,  ,,       apparent  dyke  in  more  easterly  rock, 
,,  ,,       joint  near  this,        .... 
,,  ,,       cross  joiating,         .... 

Kitestown,  joiat  in  slate  rock,  in  recess  near  private 
house,       ........ 

Dung  Hill  (second  hill  from  west,  on  west  side,  op- 
posite  plantation),  apparent  jointing 

on  west  side  with  quartz  and  Eiirite 
jointiag,  ...... 

,,         >,    on  top  of  hni,  in  a  mass  of  Euritic-look- 
ing  rock  jointiag,      .... 

Nm. 

152. 
153. 

154. 

155. 

156. 
157. 
158. 
159. 
160. 

161. 

162. 

163. 
164. 
165. 

166. 

167. 
168. 
169. 

170. 
171. 
172. 
173. 

,,  ,,  north-west  extremity  of,  iron  ore  lode 
well  marked  (corresponds  with  direc- 

tion of  top  of  Ireland's  Eye  and  west 
slope  of  Lambay  Island),  . 

Eed  Eock,  near  cottage,  in  entrance  of  a  well-marked 
depression,  250  yards  west  of  Candle- 
house,  well  marked  face  of  joiatiag, 

,,       ,,      cross  jointing,  apparently,     . 
,,       ,,      to  the  east  of  this,  in  dell,  joiatiag, 
,,       „      this  boss  of  altered  slate  rock  traversed 

by  well-marked  vertical  joints,  . 
5)  5>_  )J  ))  )>  J>    _ 

At  Carrickbrack  House,  at  bend  of  road,  joint, 
,,  ,,        cross  jointing, 
,,  ,,        well-marked  jointing  here, 

dip  to  east,  . 

44°  "W. 
18°  "W. 
21"  W. 

13°  E. 

2°W. 

63°-64°  "W. 

57°  W. 
4°^. 
4°  W. 

29°  E. 

84°-85°  W. 

6°E. 

46°-47°  E. 
16°  E. 
59°  W. 

5°-6°  W. 

14°  E. 4°W, 

4°  W. 

40°-44°  E. 

69°-70°  "W. 

4°-5°  E. 

37°  E. 

12°-13°  E. 12°  E. 

74°-75°  E. 8°-10°  W. 

36°-37°  E. 
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174. 

175. 

176. 
177. 
178. 
179. 

180. 

181. 
182. 
183. 
184. 
185. 
186. 

Howlli — continued. 

Loughorecn  Hills,  mass  of  rock  facing  plantation, 
vertical  jointing,  in  Emitic- 
looldngrock,  with  inucli  quartz 
and  red  oxyde  of  iron, 

,,  ,,       on  top  of  rock,   quartz  veins 

nearly  vertical,  Eiu-itic-look- ing  mass, 

Cromlech  Dell,  jointing  runnirig  across  dell, 
, ,  , ,       another  system  of  joints, 
, ,  , ,       cliff  side  in  dell,    . 

,,  ,,       jointing,    cutting    off    north--svest point  of  Muck  Rock  (passes  over 

summit  of  Ireland's  Eye  and 
Lambay),  .... 

Sutton,  Dolomites  at  Sutton  quay,  life-boat  station 
well- marked  vertical  jointing, 
,,  ,,         at  another  point 

on  surface  of  Dolomite, 
cross  jointing,    . 
another  system  of. 

, ,  The  Dolomite  cut  off  and  abutting  against 
decomposed  quartzites,  50-60  yards 
"west  of  Coast-guard  Station. 

187.  ,,        Coast-guard  Station,  joiutiag  iu  slate  rock, 
imder  flag -staff  of,        ...         . 

188.  , ,        little  promontory  east  of  Coast  -  guard  Station 
(near    Bottle    Quay),    the    slate    much 
broken  and  jointed  vertically, 

189.  ,,        quartz  veining,  very  fi-equent  here,  cuts  pre- 
viously mentioned  joint  nearly  vertically, 

190.  ,,        vertical  joint  cutting  these,  not  very  marked 
191.  ,,        to  the  east  of  last-mentioned  point,  well 

marked,  frequent  and  vertical  jointing, 
192.  ,,  ,,  further  east,    . 
193.  ,,        250  yards  west  of  Martello  Tower,  great 

joint  in  slate  rock  filled  with  quartz  veins 
indistinct  in  the  true  slates,  . 

194.  ,,        about  100  j'ards  west  of  Martello  Tower, 
well-marked  quartzose  veins  in  the  slate- 
dipping  at  a  high  angle  north-east, 

195.  ,,        frequent  and  vertical  jointing,  cutting  all 
these  green  slates, 

196.  ,,        Martello  Tower,  mass  of  quartzite,  on  which 
the  tower  built,  much  fissured,  west  side 

^"i-  ))  )>  !)  ))  ))  )5 

198.  South  side,  Martello  Tower,  on  east  side,  12  yards 
from  it,  weU-marked  vertical  jointing, 

199.  ,,  ,,  ,,    cross  jointing,  well  marked 
and  vertical,  . 

200.  ,,         cross  jointing,  well  marked, 
201.  ,,         (forms  the  little  creek  just  under  Tower), 
202.  ,,         60  yards  east  of  tower  cave,  joint,    . 
203.  ,,         150-180  yards  east  of    Tower,  immense 

jointing,  giving  rise  to  a  cave, 

5"^. 

67°-68^  E. 

72°-73°  W. 
37°  E. 23=>-24°  E. 

37°-38"  E. 

36°-37°  E. 
41°-42°  E. 
38°-39°  E. 

1  °  E 

6S--69°  W. 
3°W. 

6°-7°  W. 

21°  W. 

60°  E. 

70°-73°  W. 33°  E. 

39°  E. 28°  W. 

25°-35°  W. 

24°  E. 7°W. 

87°  W. 
82°-85°  W. 

90°  E. 
4°-5°  W. 

43°  E. 

38°-39°  E. 
15°-18°  E. 

50°  W. 
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Ho-wth — continued. 

204. 

205. 
206. 

207. 
208. 

209. 

210. 
211. 
212, 
213. 

214. 

215. 

216. 

217. 

218. 

219. 

219WS. 220. 
221. 

222. 

223. 

224. 

225. 

226. 

227. 

228. 

229. 
230. 

South side,  300-400  yards  east  of  Tower,  splendid 
vertical  jointirig,  .... 

,,  ,,  ,,      vertical  jointing, 
cutting  shore  here  less  distinctly  marked, 
))  5?  !>  .5)  )> 

120  yards  east  of  Tower,  joint  apparently 
a  fault  with  cave, 

450  yards  east  of  Tower,  vertical  jointing 
in  red  rock,  well  marked, 

,,  )>  V  .  >).      jointing, 
500  yards  east  of  Tower,  jointing,     . 

,,  ,,  cave  joint  on  fault, 
great  joint  further  east,  I'"*  wide  in  places, 

having  caused  fall  of  surface  rocks ,  distant 
from  previous  joint  about  20—25  yards 

about  525  yards  east  of  Tower,  cross  joint 
ing,  dipping  east, 

a  series  of  great  joints  occur  here  at  short 
intervals,      ..... 

another  system  of  jointing,  well  marked 
dipping  east,         .... 

east  of  Drumleck  Point,  Little  Boat  Har- 
bour, frequent  and  well-marked  vertical 

jointing,       ...... 
near  the  Boat  Harboiir,  to  the  east,  occurs 

a  great  open  joint,  cut  down  to  low  water, 
5  feet  broad  at  bottom,  formed  by  pre- 

vious jointing  with  another, . 
about  250  yards  east  from  boat-house, 

jointing  in  a  mass  of  quartzite, 

)_)  ))  _  ))  5>  J5         • vertical  quartz  veins  in,    . 
about  400  yards  east  from  boat-house,  fre- 

quent and  vertical  jointing,  indenting 
the  coast  line,       .         .         .         ,         . 

250  yards  south-west  from  Tansey  House, 
frequent  vertical  jointing  here, 

about  80  to  100  yards  east  from  this  point, 
great  fault  dislocating  the  ground,  dip 

east  at  75°-80°,   
crossed  by  jointing,  (accompanied  by  a 

band  of  decomposed  trap  rock), 

"Sheep -hole"  cave  and  little  inlet,  the 
cave  apparently  on  a  greenstone  dyke, 
dipping  east,   

creek  to  east  of  "  Sheep-hole,"  vertical 
lode  or  joint  on  west  side  of,  0™'50  at 
groimd  surface,     ..... 

west  side  of  Drumleck  Point,  at  about 
50  -  60  yards  east  of  previous  point,  well- 
marked  jointing,  dipping  east,  at  angle 
of  60°-70°,   

vertical  jointing  in  quartzite,  to  the  east 
of  this  point,         ..... 

jointing  in  this  quartzite,  .  .         . 
cross  jointing,  frequent  and  vertical,         . 

JSTm. 

2°-3°  W. 

21°  E. 
23"  E. 

28°  "W. 

8°E. 

29°  E. 
38°  W. 

27°-2S°  E. 

28°  E. 

88°  E. 

26°-28°  E. 

43°  E. 

16°  E. 
3°W. 

20.  E. 
18°  E. 

82°-85°  E. 3°"W. 

21°  E. 

38°-39°  E. 
3°-5°  W. 

36°-38°  E. 

35°-38°  E. 

39°  E. 

11°  E. 

17°-18°  E. 7°-8°  W. 
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Ho'wtli — continued. 

231 .  Soutli  side,  east  of  batting-place,  at  point  called  the 
"  "Worn-hole,"    vertical    quartz  veins, 
very  distinct  with  parallel  ones,     . 

232.  ,,         opposite  dwelling-house,  joint  dipping  east, 
233.  •     ,,         about  350  to  400  yards  east  of  bathing- 

place,  great  vertical  joint,  3  feet  broad 
in  an  apparently  altered  rock,  greatly 
weathered,  ...... 

■234.  Drumleck  Point,  east  of  great  fissiire  in  greenstone 
rock,    ....... 

235.  ,,         cross  jointing,  .         .         .         .         . 
236.  ,,         Bay,  west  side  of,  vertical  joint, 
237.  ,,         "Broad  Strand,"  immense  face  of  jointing 

on  east  side  of  bay,  extending  from  top 
to  bottom  of  cliff,  .... 

238.  ,,         "Lion's  Head,"   little  promontory  near 
the  Bailey  Light,  .... 

Ireland's  Eye  : — 

239.  Fault  in  slate  rock,  towards  south-east  point, 
240.  At  south-east  point,  in  black  mica  slates  (Thulla 

Eocks),   
241.  On  south-east  side,  just  south  of  fii'st  creek,  in  slate 

rocks,  jointing  in,     .....         . 
242.  The  west  side  of  first  creek  and  east  side  of  the 

detached  rock  called  "  The  Stag," 
243.  North  of  Rowan's  Rocks,  in  little  creek  on  east  side, 

cross  jointing  at  the  entrance,    .... 
244.  Jointing  running  across  the  mouth  of  same,  nearly 

vertical,    ........ 
245.  East  side,  apparent  contact  of  quartzite  with  dark 

shales  (Samphire  Hole),     ..... 
246.  In  Samphire  Hole,   
247.  In  cave,   
248.  North-east  point,  well-marked  vertical  jointing  in 

quartzite  under  "  Stags," 
249.  ,,         vertical  joint  frequent  and  well  marked, 

apparently  parallel  to  axis  of  gut  between 
"Stags,"   

250.  Middle  of  Island,  to  the  north,  jointing  in  boss  of 
white  quartzite,    ..... 

251.  300  yards  east  of  Martello   Tower,  well-marked 
vertical  joint,  mth  slight  dip  to  west  in 
quartzite,   

252.  ,,  ,,  well-marked  cross  jointing, 
running  towards  Tower, 

253.  ,,         well-marked    jointing,    running    towards 
Skerries,       ...... 

254.  Apparent  contact  face  of  quartzites  with  altered 

shales,  100  yards  north  of  St.  JSTessan's Church,        ...... 

Howth  : — 
255.  Centre  of  Hill,  jointing  in  slate  rock,  much  broken 

and  weathered,     ..... 
256. 

257.  ,,        trench  opened  on  jointing, 

Nm. 

23^-24°  E. 7°-8'  W. 

33°-34''  "W. 
5'W. 

67°-68°  W. 
47°-48°  W. 

3°-5°  W. 

39°  E. 

87°-88°  E. 

13^-14°  E. 

43°-44°  W. 

36°-37°  E. 

730-740  w. 3°-5  W. 

68°-70°  W. 
50°- 60°  W. 
50°-56°  W. 

75°-76°  W. 

3°-5°  W. 

84°-85°  W. 

53°  E. 

32°-33°  W. 

26°-27°  W. 

77°  W. 

71°  E. 69°  E. 

38°-40°  E. 
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The  foregoing  oTDserratioris  haying  heen  gTouped  relatively  to 
direction,  the  mean  true  direction  corresponding  to  each  group  having 

"been  taken,  and  a  classification  according  to  frequency  of  occurrence  of 
each  direction  having  been  made,  there  resulted  the  following  Table  : — 

JortfTS  M^T)  LrN^ES  OE  DrEECTioif  GEorPEi)  AXD  EEnrcED  TO  Tetje 

Beaeln-gs. 

Easterly. 

"Westeext. 

Relative 
Rank 
as  to 

Frequency. 

Direction. Number 
observed. 

Total Relative 
Rank 
as  to Frequency. 

Direction. Number 
observed. 

Total. 

14 
r  55'  E. 

6 20 1°  54'^. 5 

11 
b"  43'  ,, 9 

15 5°  26'  ,, 

6 

12 10"  19'  ,, 7 
9 

21 

9"  27'  „ 

14"  17'  „ 

10 

5 
1 16"  23'  ,, 26 31 

21"  40'  ,, 
3 

4 21"  20'  „ 13 2 25°  52'  „ 19 

29 25°  50'  ,, 3 5 

22 

29"  11'  „ 
34"  27'  „ 

12 

0 

25 30"  08'  „ 4 6 
39"  57'  ,, 

12 

18 35"  36'  „ 5 3 43"  51'  „ 14 

28 
48"  30'  ,, 4 

10 

8 

47"  42'  „ 

50"  12'  „ 

10 

11 
26 66"  OS'  „ 4 23 

59"  24'  ,, 
5 

33 
61"  30'  ,, 1 

27 

65"  15'  ,, 
4 

19 72"  35'  „ 5 12 

16 

70"  39'  „ 

78"  15'  „ 

7 

6 
32 81"  45'  ,, 2 

17 

84°  55'  ,, 
6 

30 85"  10'  „ 3 92 7 89°  45'  „ 12 
152 

Ranging  the  more  important  of  those  directions,  relatively  to  their 
frequency  of  occurrence,  we  have  the  folloTving  series  : — 

1 16°  23'  E. 26  occurrences. 89"  46'  W. 12  occ\irrences. 

2 25"  52'  TT. 
19           „ 8 50"  12'  W. 

11 

3 43"  51'  W. 14 9 9°  27'  W. 10 

4 21"  20'  E. 

13 
10 47"  42'  W. 10 

5 29"  12'  W. 
12           „ 11 5"  43'  E. 9 

6 39°  59'  TV. 12 
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There  now  remains  to  be  shown  the  relations  which  those  direc- 
tions bear  to  the  coast  lines  on  the  east  side  of  Ireland  ;  and,  further- 
more, their  relations  with  the  lines  of  directions  corresponding  to  the 

principal  mountain  chains,  river  valleys,  main  lines  of  jointing,  and 
geological  lines  of  boundary  of  the  interior  of  the  country. 

Taking  the  first  direction,  16°  23'  E.,  the  mean  of  twenty-six 
observed  directions  (but  not  necessarily  the  mean  of  all  the  similar 
directions  which  might  be  observed  in  Ireland),  it  will  be  found  that 
this  is  the  direction  of  the  coast  line  between  Carnsore  Point  and 

"Wicklow  Head,  as  exactly  as  possible;  also  the  line  of  direction 
between  Carmel's  Point,  IST.  W.  "Wales,  and  St.  David's  Head,  S.  "W. 
Wales.  It  also  represents  the  boundary  line  limiting  the  granite  of 

"Wicklow,  on  the  west  side,  between  Castleclermot  and  Goresbridge, and  the  general  direction  of  the  mountains  between  Kippure  and 

Achavannagh  mountains,  as  shown  on  Griffith's  general  map  of  Ireland. 
It  represents,  therefore,  a  coast  line  and  a  line  of  mountain  direction. 
It  also  represents  a  band,  or  zone,  of  parallel  joints  which  must  extend 
over  a  considerable  distance,  and  over  a  certain  breadth  of  country. 
If  we  examine  the  extension  of  this  direction  on  the  map  of  Great 
Britain,  it  will  be  found  to  pass  through  the  Mull  of  Galloway, 
near  Cairngarroch  Bay,  to  pass  at  Ayr,  Ben  Mac  Dun  chain,  and 
to  come  out  at  Elgin — this  direction  being  that  of  the  north-east 
coast  of  Scotland,  between  Eifeness  and  Peterhead.  The  continuation 
of  the  line  of  direction  passes  through  the  Shetland  Islands,  on  the 
western  side,  parallel  to  their  general  or  longer  axis,  and  to  the 
geological  boundary  line  of  the  southern  promontory  of  Mainland 
Islknd.  If  it  be  further  examined,  with  reference  to  the  Great  Circle 
of  which  it  forms  a  part,  it  will  be  found  that  its  extension  traverses 

the  IS^orthern  Ocean,  parallel  to  a  line  joining  Bremanger  Land  (the 
most  westerly  point  of  l^orway)  with  Great  Ice  Cape  (the  north-east 
point  of  JSTova  Zembla),  at  about  a  distance  of  3°  47'  from  those  two 
extreme  points.  It  then  crosses  Siberia  from  the  mouth  of  the  Lena 
to  Okhotsk,  where  it  emerges,  making  with  the  coast  lines  east  and 

west  angles  of  about  70°.  It  traverses  the  North  Pacific,  crosses  New 
Caledonia,  passes  through  New  Zealand,  from  Mount  Cook  to  Dunedin, 
and  finally  cuts  the  west  coast  of  Africa,  from  Bathtirst  to  Cape 
Bojador.  If  we  compare  the  extent  of  land  traversed  to  that  of  ocean 
surface,  it  will  be  found  that  these  extents  stand  to  one  another  some- 

what in  the  ratio  of  1  :  1 5  ;  that  is  to  say,  that  this  Great  Circle  is  one 

of  considerable  contraction  of  the  surface  towards  the  Earth's  centre, 
and  it  will  be  easily  recognised  that  there  are  not  many  other  Great 
Circles  of  greater  contraction.  Its  importance,  physically  and  geolo- 

gically, has,  therefore,  a  certain  significance,  lying,  as  the  line  or  Great 
Circle  does,  on  the  boundary  between  the  Old  and  New  World. 

The  second  direction,  25°  52'  "W.,  is  remarkable  from  more  than 
one  point  of  view.  As  a  coast  direction  it  only  shows  itself  about 
Killiney,  representing  the  axis  of  Dalkey  Sou.nd,  and  the  depression 
between  the  first  and  second  Hills,  or  between  the  Telegraph  and 
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Dalkey  Hills.  It  is  "u-ell  and  markedly  represented  by  the  Scalp,  and 
by  tlie  Dingle,  to  the  nortli-east  of  the  Scalp.  It  is,  however,  -well 
marked  in  the  llourne  ITonntains,  as  shown  by  the  Survey  maps,  and 
faiiiy  represents  the  north-east  coast  line  of  Ireland,  between  Burial 
Island  and  Eathlin  Island,  coinciding  with  the  coast  line  between 
Donaghadee  and  Long  E,ock,  Co.  Down.  This  joint  system  is  nearly 
everywhere  vertical,  and  in  some  places  very  distinct.  Its  extension 
northwards  is  very  remarkable,  passing  through  Iceland,  near  Hecla, 
according  to  a  direction  which  is  that  of  the  north-west  coast  of  the 
great  inlet  or  bay  called  Hunaflood,  or  Bear  Cub  Flood,  and  which  is 
also  that  of  many  of  the  inlets  between  Portland  and  Ingolfshead, 

on  the  south-east  coast  line.  It  crosses  l!v  orth  "Western  America,  from 
Cape  Lyon,  on  the  north  side,  to  Mount  Fair-weather,  on  the  Pacific 
side ;  passes  between  Honolulu  and  TToahoo  (Sandwich  Islands)  ; 
passes  J^Tew  Zealand  to  the  east,  and  nearly  parallel  to  the  axes  of  the 

islands :  through  Enderby's  Land ;  cuts  the  south  coast  of  Africa  at 
Algoa  Bay;  traverses  Africa,  parallel  to  a  line  joining  the  Cape  of 
Good  Hope  with  Cape  Lopez  Gronsalvez  ;  cuts  the  river  Congo,  at 

Stanley's  Pool,  that  is,  about  0°  30'  east  of  the  Kalulu  Falls ;  passes  at 
Algiers,  and,  crossing  the  llediterranean,  enters  Spain  at  Tarragona ; 
crosses  the  Pyrenees  ;  passes  at  Pochelle,  St.  Malo,  Startpoint,  Bideford 

Bay,  and  the  south-west  promontory  of  "Wales.  If  the  line  between Beechy  Head,  in  the  south,  and  Cape  ̂ rath,  in  the  north,  be  taken 
as  about  the  longest  axis  of  Great  Britain,  it  will  be  seen  that  the 
direction  of  this  axis  is  about  that  of  the  direction  under  consideration  : 

it  will  indeed  be  found  to  represent  sufficiently  closely  the  line  joining 
the  coast  of  Yarmouth  with  the  coast  line  at  Peterhead.  It  may, 
therefore,  be  considered  as  having  a  representative  character. 

The  dii'ection  43°  51'  "W.  is  represented  by  only  short  stretches  of the  eastern  Irish  coast  line,  such  as  the  south  side  of  the  Bay  of 
Dublin,  and  the  line  between  Skerries  and  Balbiiggan.  It  also  cor- 

responds with  portions  of  the  Trap  dykes  north-east  of  Lough  Erne, 
with  the  longer  axis  of  this  lough,  and  with  the  direction  of  the  Trap 
dyke  marked  as  running  between  Magheiy  Bay  and  Trawenagh  Bay, 
Co.  Donegal.  Outside  Ireland,  the  corresponding  Great  Circle  passes 
through  a  number  of  very  interesting  points  ;  but  it  may  be  sufficient 

to  remark,  that  passing  thi'ough  Monmouthshire,  it  represents  very 

closely  many  of  the  numerous  faults  characterising  the  South  "Wales 
coal-field,  as  may  be  seen  by  the  Geological  Survey  of  the  district. 

The  direction  21°  20'  E.  is  represented  by  parts  of  the  south-east 
coast  of  Ireland,  the  outline  of  which  it  goes  to  form,  in  combination 

with  the  direction  16°  23'  E.  It  also  represents  the  dii'ection  of  the 
Downpatrick  coast,  and  the  coast  line  extending  between  Corsewell 
Point  and  Ayr,  in  Scotland.  Furthermore,  it  may  be  taken  as  repre- 

senting in  dii'ection  the  longer  axis  of  Ireland — that  running  from 
Mizen  Head  to  Malin  Head,  and  thus  passing  through  Lough  Fergus, 
on  the  Shannon,  according  to  its  longer  axis,  and  defining  the  western 
limit  of  the  middle  carboniferous  limestone.     As  a  Great  Circle  direc- 
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tion,  it  has  nearly  the  same  interest,  and  passes  through  the  same 

countries  nearly,  as  the  direction  16°  23'. 
The  only  other  directions  to  which  attention  may  be  more  particu- 

larly called  are  the  dii-ections  89°  45'  W. ;  9°  27'  W. ;  and  5°  45'  E. 
The  direction  89°  45'  W.  is  represented  at  Dublin  by  the  jointing 

in  the  granite  rocks  which  occur  at  Blackrock,  and  which  are  the  most 
northerly  outcrops  of  the  rock.  Its  continuation  across  Ireland,  from 
that  point,  brings  it  out  at  Galway,  and  there  corresponding  with 
certain  portions  of  the  granite  coast  line.  It  represents  the  line  of 
least  elevation  crossing  Ireland  from  east  to  west,  and  is  roughly 
represented  farther  south  by  the  line  which  would  pass  from  Camsore 
Point  to  the  Great  Blasket  Islands.  It  may  be  taken  as  the  direction 
of  the  axis  of  the  Liffey  valley. 

The  direction  9°  27'  "W.  represents  fairly  the  coast  line  between 
"Wicklow  Head  and  Dunany  Point,  in  the  Co.  Louth;  and  its  con- tinuation passes  through  the  Mourne  Mountains,  along  a  portion  of 
the  west  side  of  Lough  ITeagh,  and  comes  out  on  the  coast  of  Antrim, 

near  the  promontory  of  Portrush.  The  angle  of  40°  with  this  gives  a 
direction  which  corresponds  very  closely  with  that  of  the  Caledonian 

canal,  while  the  direction  70°  with  the  canal  takes  in  Pifeness,  Bam- 
borough  Head,  and  the  coast  line  between  Foulness  and  Yarmouth. 

This  same  direction,   9°  27'  W. 

gives  with  the  direction,   30°  08'  E. 

(so  remarkable  at  Ireland's  Eye),  an  intersection  of      39°  35' 

Lastly,  the  direction  5°  43'  E.  represents  the  portion  of  the  coast 
line  between  Baldoyle  and  Ptush ;  but  more  particularly  represents 
the  direction  of  the  Great  Circle  which  I  had  traced,  a  priori,  on  the 

globe  as  the  "  TFest  Coast  of  Portugal,^''  and  which  is  represented 
by  well-marked  faulting  in  three  or  four  places,  by  hill  direction,  and 
by  the  east  side  of  Pathlin  Island. 

As  regards  the  eastern  coast  of  Ireland,  it  may  be  fairly  advanced 
that  it  is  represented  by  directions  which  correspond  to  lines  of  joint- 

ing observable,  in  greater  or  lesser  number,  about  the  Bay  of  Dublin, 
and  which  are  as  follows : — 

Prom  Carnsore  Point  to  Wicklow  Head,      .     .     .  16°25'E. 

„     Wicklow  Head  to  Clogher  Head,  .     .     .     .     9°  27'  W. 

,,     Bellagan  Point,  Carlingford  Lough,  to  \       ̂ „o  oa/  -p 

John's  Point,  Dundrum  Bay,       .     .       j    ' 

,,     Donaghadee  to  Bruce's  Castle,  Eathlin  Is.,     29°  11'  W. 

The  three  last  directions  are  not  the  more  frequently  occurring  in  the 
Bay  of  Dublin,  but  do  occur.  It  should  be  noticed  that  the  direction 

48°  30'  E.  is  almost  exactly  that  of  the  line  of  porphyritic  rocks  so 
markedly  characterising  the  geology  of  the  county  Wexford. 

2  A2 
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As  regards  the  correlation  of  the  directions  enumerated,  in  accord- 
ance with  the  theory  laid  down  in  my  memoir  on  that  subject,  I 

should  part  from  one  or  other  of  the  Great  Circles  which  are  found  to 

traverse  Ireland.  IN'ow,  as  the  number  of  coast-line  Great  Circles 
traceable  on  the  globe  has  not  been  worked  out  so  as  to  bring  all 
the  principal  coast  lines  available  into  the  system,  I  can  only  for  the 
present  show  the  connexion  existing  between  those  Great  Circles 
which,  so  far,  I  have  found  to  traverse  Ireland,  and  the  principal 
lines  of  direction  observed  by  me  about  the  Bay  of  Dublin. 

The  three  Great  Circles  traversing  Ireland,  on  the  eastern  side,  so 

far  noted,  are — 

The  St.  Lawrence  Great  Circle  (ISTo.  12),  cuts  meridian  10°  W. 
in  Lat.  52°  45'  N.,  at  angle  of  73°  45'  E.  of  S. 

,,    Caucasus  Mts.  Great  Circle  (No.  23),  cuts  meridian  10°  W. 

in  Lat.  52°  30'  IS".,  at  angle  of  81°  20'  W.  of  S. 

,,    W.  Coast  of  Portugal  Great  Circle  (l^o.  15),  cuts  JS"©.  23 
G.  C.  in  Long.  7°  2^'  W.,  at  angle  of  78°  S.  of  W. 

The  "Wexford  coast  line  (16°  23'  E.)  makes  with  the  Caucasus 
Mountains  Great  Circle  an  angle  of  70°  very  nearly.     Taking  the 
intersection  of  this  Great  Circle  with  the  meridian  6°  W. 
at  84°  E.  of  south,  this  represents   96°  W.  of  N. 

ISow,  the  second  principal  direction  occurring  about )  ̂ro  rtyi  -ry 

the  Bay  of  Dublin  has  been  shown  to  be     .     .     .  )  ̂ 

The  difference  therefore  is   70°  08', 

a  sufficiently  close  approximation. 

But  the   direction   25°  52'  "VV.,   and  the  direction  ) 
16°  23'  E.  intersect  at  angle  of   j 42°  15'. 

As  the  angles  of  which  these  are  means  vary  by  more  than  3°,  it 
is  evident  that  for  certain  values,  such  as  37°  E.  and  3°  W.  (magnetic), 
the  angle  of  iatersection  would  just  be  40°. 

The  eastern  boundary  line  of  the  granite  mass  of  the  Co.  Wicklow 

is  fairly  represented  by  the  direction  30°  08'  E.  JSTow  this  direction 
makes  with  the  St.  Lawrence  Great  Circle,  where  it  passes  to  the 

north  of  Tramore  Bay,  an  angle  of  80°  very  nearly. 

Taking  it  at       30°  08' E., 

it  intersects,  in  the  neighbourhood  of  Killiney  Bay, 
the  coast  line  lying  between  Wicklow  Head  and 
Clough  Head,  of  which  the  mean  direction  is  taken 
at   9°  27'  W. 

The  angle  of  intersection  is  therefore   39°  35', 
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wliicli,  for  the  reason  previously  cited,  is  a  fair  approximation  to  the 

theoretical  angle  of  40°.  (This  direction  of  30°  08'  E.  is  very  re- 
markahle  at  Ireland's  Eye.) 

Nearly  similar  intervals  occur  between  the  directions  89°  45'  "W"., 
50°  12'  W.,  and  9°  27'  W. :  thus  we  have  39°  33',  and  40°  45'  as 
these  intervals;  while  the  mean  of  the  four  values,  42°  15',  39°  35', 
39°  33',  and  40°  45',  is  40°  32',  which  sufficiently  represents  the 
angular  relation  adopted  by  the  theory. 

It  would  be  easy  to  multiply  the  number  of  cases  of  intersections 

at  angles  closely  approximating  to  the  values  80°,  70°,  40° ;  but  there 
is  a  simpler  and  more  direct  proof  of  the  correspondence  of  the  actual 
lines  with  the  theoretical :  it  is,  that  the  Grreat  Circles  already  men- 

tioned correspond  in  a  marked  manner  with  actual  lines  of  direction, 
such  as  main  jointing,  river  valleys,  and  mountain  ridges,  and  that 
from  them  may  be  derived  most,  if  not  all,  the  principal  coast  line 
directions.  If  it  were  possible  to  have  the  main  lines  of  jointing 
carefully  laid  down  for  the  whole  of  Ireland,  it  would  be  still  more 
easy  to  multiply  cases  of  intersection  at  the  angles  indicated,  since  it 
is  fair  to  presume  that  the  conclusions  to  be  drawn  from  their  corre- 

lation with  the  coast  lines,  and  the  Grreat  Circles  already  cited,  would 
not  be  less  in  accordance  with  the  theory  than  those  arrived  at  for  the 
neighbourhood  of  the  Bay  of  Dublin. 
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L.   0:S  THE  C0EE,ELA.TI0>r   OF   THE   LnfES  OE  FaEXTEN'G  OF  THE  PaXA^IQ-^ 
CoAL-PlELD    DiSTEICT,     XoKTHEE^^    IjSTDTA,    WITH    THE    JfEIGHBOXrEEfG 

Coast  Listes.     By  J.  P.  O'Reilly,  C.E.,  Professor  of  Mining  and 
Mineralogy,  Eoyal  College  of  Science,  Ireland. 

[Eead,  Apiil  12,  1880.] 

Havetg  reeeiyed  fi'om  llr.  Valentine  Ball,  of  the  Geological  Survey  of 
India,  copies  of  his  memoirs  on  the  coal-fields  of  the  Palamow  district, 
Bengal  Presidency,  to  which  are  annexed  detailed  maps  illustrative  of 
the  geological  characteristics  of  this  district,  I  was  led  to  examine 
the  very  remarkable  lines  of  faulting  which  these  maps  present,  re- 

latively to  their  angular  correlation  with  the  coast  line  Great  Circles 
passing  through  or  near  this  district. 

I  considered  this  an  excellent  occasion  of  applying  the  theory  of 
correlation  of  lines  of  direction  submitted  to  the  Academy  in  June, 
1879,  since  I  could  have  but  little  previous  knowledge  of  the  district 
on  the  one  hand ;  and,  on  the  other,  the  length  and  straightness  of  the 
lines  of  faulting  are  so  remarkable,  that  their  concordance  with  the 
theory  should,  so  far,  be  a  strong  proof  in  its  favour.  The  maps  are 
to  a  scale  of  one  inch  to  the  mile,  and  therefore  sufficiently  large  to 
show  details  with  clearness. 

The  only  great  circle,  of  those  originally  traced  by  me  on  the 
globe,  which  I  find  to  intersect  the  district,  is  that  which  I  call  the 
Beluchistan  East  and  West  Coast-line  Great  Circle,  or,  as  I  shall  call  it, 
the  BelucMstan  Coast-line.  On  the  globe  it  cuts  the  meridian  of 

90^  E.  in  latitude  23°  45'  'S.,  at  an  angle  of  about  84°  31'  W.  of  i!^. 
This  I  have  transferred  to  the  maps,  or  rather  parallels  to  this  direc- 

tion. I  have  further  traced  thereon  parallels  to  a  Line  of  direction 
making,  with  the  eastern  Ghats  coast-line  of  India  great  circle,  an 

angle  of  40°.  Its  dii'ection  differs  from  that  of  the  Beluchistan  coast 
line  great  circle  by  about  4°,  that  is,  it  would  cut  the  meridian  90^  E. 
at  about  88°-89°  TV.  of  JST.  Eor  convenience  I  shaU  term  it  "  The 

88°  W.  of  N.  LineP  I  might  have  introduced  other  great  circles  or 
parallels  to  them,  but  the  most  direct  proof  and  the  simplest  is  the 
best,  and  I  therefore  confine  my  examination  to  the  angular  relations 
between  the  lines  of  faulting  presented  by  the  maps  and  these  two 
principal  lines  of  direction. 

There  are  two  1-inch  scale  maps,  the  one  of  the  Hutar  coal-field, 
the  other  of  the  Auninga  coal-fielcl. 

Taking  the  fii'st,  on  which  I  have  traced  parallels  to  the  Belu- 

chistan coast  great  cii-cle,  and  to  the  88°  "W.  of  IS".  Line,  I  find  the following  angular  relation  for  the  lines  of  faulting,  and  other  priucipal 
lines  : — 
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I. — A  line  drawn  at  70°  witli  the  BelucMstan  coast-line  great 
circle,  and  passing  through  Murwaie  Kullan,  defines  the  eastern  side 
of  the  coal-field. 

II. — A  line  drawn  at  40°  with  this  gives  very  distinctly  the 
northern  boundary  of  the  coal-field,  over  an  extent  of  sixteen  miles. 

III. — A  line  drawn  at  40°  with  the  Beluchistan  coast-line  great 

circle  (from  "W.  to  E.),  and  passing  near  Hurtah,  in  the  north  of  the map,  gives  the  direction  of  the  mountain  chain  passing  near  this  point. 

IV. — The  line  at  30°  with  this,  and  consequently  running  nearly 
due  east  and  west,  gives  the  direction  of  certain  of  the  sets  of  joints  in- 

dicated in  the  southern  part  of  the  map,  as  also  the  southern  boundary 
of  the  Mahadeva  Eocks,  marked  Bitwa. 

Taking  now  the  second  direction,  that  at  40°,  with  the  eastern 

coast-line  great  circle,  or  as  I  termed  it,  the  88°  "VV.  of  JST,  line  : — 

Y. — A  parallel  to  it  gives  a  well-marked  direction  of  jointing 
passing  near  Tataha,  and  running  nearly  east  and  west.  The  coinci- 

dence over  the  principal  portion  is  distract. 

YI. — In  the  north  of  the  coal-field  this  direction  corresponds  with 
that  of  certain  of  the  Trap  dykes  marked  thereat. 

The  line  of  jointing  running  IST.  JST.W.  and  S.  S.  E.,  by  the  Munga 

Hills,  I  do'not  see  how  to  correlate  distinctly  with  either  of  the  above- 
mentioned  principal  directions,  that  is  to  say,  to  within  four  or  five 
degrees. 

YII. — Taking  the  map  of  the  Aurunga  coal-field,  and  tracing  on 
it  the  two  directions  already  employed  (that  is,  the  Beluchistan  coast- 

line great  circle,  and  the  88°  W.  of  iS".  line),  there  is  immediately obtained  the  direction  of  the  very  marked  jointing  which  runs  from 
B-ukhaut,  in  the  south-east,  to  Obur,  in  the  east  centre,  an  extent  of 
eleven  miles.  This  line  is  slightly  inflected,  and  presents,  as  traced 

on  the  map,  two  directions — the  one  concords  with  the  line  at  40° 
with  the  Beluchistan  coast  great  circle,  and  the  other  with  the  line 

making  the  same  angle  with  the  direction  88°  W.  of  JN". 

YIII. — The  two  main  lines  of  direction  (Beluchistan  coast  and 

88°  "W.  of  IST.)  give  very  distinctly  parts  of  the  east  and  west  line  of 
jointing,  which  runs  from  Bampur  to  Tuppah. 

IX. — They  also  define  the  system  of  jointing  with  hot  springs, 
which  runs  east  and  west  between  Joreesuklowa  and  Punkra,  towards 
the  northern  limit  of  the  coal-field,  the  length  between  the  extreme 
points  being  nine  miles. 
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X. — The  system  of  jointing  running  N.W.  by  "W.,  from  Tuppah. to  Putkee  (eight  miles),  can  be  easily  correlated  with  the  two  main 

lines  of  direction  by  the  intermediary  of  the  angle  of  80°. 

XI.  and  XII. — A  line  drawn  at  70°  with  the  Beluchistan  coast 
line  great  circle  gives  the  direction  of  the  jointing  or  bedding  of 
the  patch  of  limestone  occurring  in  the  north-east  of  the  field ; 
while  the  well-marked  joint  or  fault  crossing  the  direction  of  these 

limestones,  from  E.E".  E.  to  W.  S.W.,  makes  with  the  direction  of 
the  jointing  which  runs  from  Putkee  to  Tuppah  an  angle  of  40°. 

The  jointing  which  runs  east  and  west,  north  of  Tuppah,  and  its 
parallel  about  one  mile  to  the  south  of  it,  do  not  give  any  direct  and 
precise  angular  relation  with  either  of  the  two  principal  directions 
already  mentioned. 

A  few  subordinate  directions  can  also  be  correlated  with  those 

directions,  as  shown  on  the  map,  but  it  is  not  necessary  to  insist  on 
them. 

It  will  thus  be  seen,  that  at  least  twelve  different  lines  of  direction 
of  jointing  can  be  distinctly  correlated  with  the  two  principal  lines 
employed — viz.,  the  Beluchistan  coast  line,  and  the  line  which  makes 
40°  with  the  east  coast  of  India  great  circle — by  simple  angular relations. 

There  are  a  few  main  joints  which  are  not  so  correlated,  because 
the  angular  relations  which  might  be  established  would  show  differ- 

ences of  4°  to  5°  with  the  theoretical  values  admitted :  this  so  far  goes 
to  show  how  distinctly  the  twelve  other  lines  do  concord  with  the 
theoretical  directions,  and,  therefore,  so  far  go  to  support  the  general 
theory  of  correlation  submitted  by  me  to  the  Royal  Irish  Academy. 
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11.   PEELIMnSTAEY    KePOKT     ON    SOME    IN'eW     OkGANIC    NiTEOPETJSSIDES. 
By  Edmund  W.  Dayt,    A.M.,  M.  D.,   M.R.I.  A.,   Professor  of 
Porensic  Medicine,  Eoyal  College  of  Surgeons,  Ireland,  etc. 

[Eead,  June  14,  1880.] 

The  Mtroprussides,  or  Mtrof erricyanides,  a  class  of  salts  obtained  by 
the  action  of  nitric  acid  on  the  soluble  ferro-  or  ferricyanides,  which 
were  first  studied  by  Dr.  Lyon  Playf  air,  have  not  received  on  the  part 
of  chemists  the  attention  that  might  have  been  expected  from  the  in- 

teresting properties  possessed  by  those  compounds ;  and  though  it  is 
now  over  thirty  years  since  they  were  first  investigated,  still  compa- 

ratively little  has  been  added  to  our  knowledge  of  these  salts  beyond 
what  was  ascertained  by  their  original  investigator,  who  described  in 
his  classic  researches,  very  fully,  the  principal  characters  of  nitroprussic 
acid,  and  of  some  of  its  more  important  metallic  salts. 

As  the  organic  combinations  of  that  acid  have  received  scarcely 
any  attention,  and  as  I  thought  a  field  for  investigation  was  therefore 
open  in  this  direction,  I  applied  last  year  for  a  small  sum  out  of  the 
parliamentary  grant  (given  to  the  Academy  for  the  encouragement  of 
scientific  research)  to  aid  me  in  the  necessary  expenses  attendant  on 
such  an  inquiry. 

The  vegetable  alkaloids  being  as  a  class  the  most  interesting  and 

important  organic  bases  that  we  are  acquainted  with,  I  naturally  di- 
rected my  attention  to  them  in  the  first  place  ;  and  I  would  now  beg 

leave  to  lay  before  the  Academy,  as  a  preliminary  report  on  the  organic 
nitroprussides,  the  facts  I  have  already  ascertained  respecting  the 
combinations  of  nitroprussic  acid  with  some  of  the  more  important  of 
those  substances,  which,  I  should  hoj)e,  may  prove  to  be  of  some  prac- 

tical value,  as  adding  to  the  distinctive  characters  of  the  vegetable 
alkaloids,  and  thus  furnishing  some  additional  means  for  the  detection 
and  separation  of  those  bases  under  different  circumstances.  I  shall 
commence  by  making  a  few  remarks  on  these  salts  in  general,  and 
afterwards  describe  some  of  the  more  important  of  them  separately 
in  detail.  I  have  ascertained  that  nitroprussic  acid,  the  composition 

of  which  is  represented  by  the  formula  Ho(!N'0)FeCy5,  is  capable of  forming  compounds  with  the  different  vegetable  alkaloids  or  bases. 
These  combinations,  for  the  most  part,  I  find  to  be  very  sparingly 
soluble  in  water ;  and,  when  they  are  such,  they  may  be  readily 
obtained  by  treating  any  of  their  soluble  salts  with  a  solution  of 
sodium  nitroprusside,  when  the  alkaloid  will  be  precipitated  in  union 
with  nitroprussic  acid,  producing  sometimes  a  very  characteristic  deposit. 
On  being  so  formed,  the  salt  will  in  some  cases,  as  in  those  of  strych- 

nine and  brucine,  exhibit  itself  from  the  first  as  a  more  or  less 
crystalline  precipitate ;  but  in  many  instances,  if  the  precipitated 
nitroprusside  is  examined  under  the  microscope,  it  will  be  found  to  be 
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at  first  amorphous,  or  in  tlie  form  of  minute  oil-like  globules,  which 
latter,  on  subsiding  or  on  agitation,  adhere  to  the  sides  and  bottom  of 
the  vessel  containing  the  mixture,  forming  a  sticky  resinous-looking 
deposit,  or  the  particles  agglutinate  together  into  little  lumps  or  masses 
of  a  similar  character.  But  these  deposits,  on  standing  for  a  variable 
period,  assume  for  the  most  part  a  more  or  less  crystalline  condition. 
In  some  cases,  however,  as  for  example  in  that  of  veratiine  and  cin- 
chonicline,  there  appeared  to  be  no  disposition  on  the  part  of  the  salts  to 
acquire  a  crystalline  form,  even  after  the  lapse  of  a  considerable  time. 

In  the  preparation  of  those  nitroprussides  of  the  alkaloids,  which, 
owing  to  their  slight  solubility  in  water,  may  be  obtained  by  precipi- 

tation, as  already  stated,  using  any  of  theii'  soluble  salts,  still  it  will 
be  found  better  in  most  cases  to  employ  the  alkaloid  in  the  form  of 
the  sulphate ;  for  this  reason,  that  in  the  after-washing  of  the  precipi- 

tated nitroprusside,  to  free  it  from  the  sodium  salts  with,  which  it  is 
associated,  where  the  sulphate  is  used  we  can  easily  ascertain  whether 
this  has  or  has  not  been  completely  effected,  by  testing  for  sulphuric 
acid  with  a  barium  salt,  a  small  quantity  of  the  filtrate  (the  water 
used  in  washing  the  precipitate);  and  when  such  fails  to  produce  any 
turbidity,  it  may  be  considered  to  be  sufficiently  washed  and  all  the 
sodium  sulphate  with  which  it  was  mixed  removed.  But  shoiild  the 
acetate,  nitrate,  or  chloride  have  been  employed,  it  will  not  be  so  easy  to 
ascertain  this  point.  As  regards  the  employment  of  a  chloride  of  the 
alkaloid  in  this  case,  I  may  observe  that,  as  more  or  less  of  the  nitro- 

prusside of  the  alkaloid  is  always  dissolved  during  the  washing  process, 
its  presence  in  the  filtrate  interferes  with  the  use  of  a  silver  salt  for 
the  detection  of  the  alkaline  chloride  formed  along  with  the  nitro- 

prusside when  the  chloride  of  the  alkaloid  was  the  salt  employed. 

Some  of  the  alkaloids,  as  those  of  moi'phine  and  nicotine,  as  they 
form  very  soluble  salts  with  nitroprussic  acid,  their  nitroprussides 
cannot  be  obtained  by  precipitation,  as  in  the  case  of  the  former  alka- 

loids ;  but  they  can  be  easily  made,  either  by  directly  dissolving  the 
alkaloids  in  nitroprussic  acid,  or  by  treating  solutions  of  their  chlorides 
with  silver  nitroprusside,  or  their  sulphates  with  a  solution  of  barium 
nitroprusside,  when,  in  the  first  case,  the  insoluble  silver  chloride,  and 
in  the  second  that  of  barium  sulphate,  is  formed,  either  of  which  can 
be  easily  separated  by  filtration  from  the  soluble  alkaloid  nitroprusside 
produced ;  which  on  subsequent  evaporation,  if  the  salt  is  erystallisable, 
can  be  obtained  in  a  crystalline  form.  But  as  it  is  difficult  to  know 

the  exact  quantity  of  the  barium  salt  which  should  be  added  to  de- 
compose completely  the  sulphate  of  the  alkaloid,  the  use  of  the  silver 

nitroprusside,  with  the  alkaloid  in  the  fonn  of  a  chloride,  is  to  be  pre- 
ferred ;  as  owing  to  its  being  an  insoluble  salt,  if  it  be  added  in  excess 

it  remains  without  contaminating  the  nitroprusside  of  the  alkaloid : 
indeed  it  is  better,  as  a  general  rule,  that  it  should  be  so  added,  to 
ensure  the  complete  decomposition  of  the  chloride  of  the  alkaloid,  and 

such  excess  will  be  entii'ely  removed  during  the  filtering  of  the  mix- 
ture, to  separate  the  insoluble  silver  chloride  formed  in  the  process. 
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I  have  ascertained,  that  nitroprussic  acid  forms  (as  might  have  been 
expected  from  its  being  a  bibasic  acid)  two  classes  of  salts  with  the 
alkaloids,  viz.,  neutral  and  acid  salts.  In  the  first  there  exist  twa 
molecules  of  the  base  and  one  of  the  acid,  and  in  the  second  one  mole- 

cule of  each. 

I  have  also  observed  that  some  of  the  alkaloids — as,  for  example, 
morphine,  strychnine,  and  bnicine — seem  to  be  capable  of  forming- 
only  neutral  salts,  whereas  others — as  those  of  quinine,  cinchoniue, 
and  nicotine — form  both  neutral  and  acid  salts,  in  combining  with 
nitroprussic  acid.  I  have  noticed  also  that  where  the  alkaloids  form 
the  two  classes  of  salts,  that  in  some  cases  the  neutral  salt  is  the  most 
readily  crystallizable,  and  the  acid  one  much  less  so,  and  vice  versa  : 
thus  the  quinine  neutral  salt  crystallizes  with  great  facility,  whereas 
the  acid  salt  does  so  with  difficulty ;  on  the  other  hand,  the  nicotine 
acid  salt  readily  assumes  the  crystalline  form,  whereas  the  neutral 

one  appears  to  be  non-crystallizable. 
In  ascertaining  the  composition  of  those  nitroprussides  which  I 

have  discovered,  some  of  which  I  shall  presently  describe,  the  mode  I 
adopted  was  to  dissolve  a  given  weight  of  the  thoroughly  dried  salt  in 
water,  which,  in  the  case  of  the  more  sparingly  soluble  salts,  it  was 
necessary  to  be  hot,  or  even  boiling,  for  this  purpose ;  and  then,  by  the 
addition  of  a  solution  of  silver  nitrate,  to  precipitate  their  nitroprussic 
acid  in  the  form  of  the  insoluble  nitroprusside  of  that  metal,  and  from 
the  amount  of  that  salt  so  obtained  to  calculate  the  quantity  of  nitro- 

prussic acid  which  had  been  combined  with  the  alkaloid. 
As  to  the  water  oE  crystallisation  given  in  the  case  of  some  of  the 

crystalline  salts,  its  amount  was  determined  in  the  following  manner  : 
The  nitroprusside  from  which  the  moisture  had  been  as  far  as  possible 

removed  by  filtering  or  blotting-paper,  and  afterwards  by  exposing  the 
salt  to  the  air  at  the  ordinary  temperature,  till  it  appeared  to  be  quite 

dry,  a  given  quantity  of  it  was  taken  and  heated  in  a  water-bath  till 
its  weight  remained  constant,  when  the  loss  thus  sustained  was 
regarded  as  water  of  crystallization ;  but  as  it  was  difficult  to  ascertain 
whether  the  salt  in  the  first  instance  had  been  quite  freed  from 
mechanical  moisture,  or  had  not  lost  some  of  its  water  of  crystalliza- 

tion by  the  exposure  to  the  air  (as  it  is  well  known  many  salts  will  do 
when  so  treated),  the  amounts  of  such  water,  given  in  the  formulfe  of 
some  of  the  salts  to  be  described,  represent  the  quantities  that  agree 
most  closely  with  the  results  obtained  by  treating  the  salts  in  the 
manner  just  stated ;  but,  for  the  reasons  mentioned,  those  results  will 
require  to  be  confirmed  by  further  research,  before  they  can  be  taken 

as  representing  the  true  amounts  of  water  necessary  for  the  crystalli- 
zation of  those  salts. 

I  may  here  further  add,  that  the  mode  I  adopted  to  determine  the 
degree  of  solubility  of  the  different  salts  in  water,  at  its  ordinary  tem- 

perature, and  at  its  boiling  point,  was  to  saturate  water  at  those  tem- 
peratures with  the  salt,  and  then  taking  a  given  bulk  of  the  solution — 

the  weight  of  which,  of  water  alone,  at  such  temperatures  was  known 



316  Proceedings  of  the  Royal  Irish  Academy. 

— to  eTaporate  it  to  dryness,  and  ascertain  the  -weight  of  the  residue 
or  of  the  salt  that  had  been  dissolved  in  the  given  amount  of  water ; 
and  in  order  to  obtain  a  saturated  solution  of  the  salt  at  the  ordinary 
temperature  (which  in  some  cases,  ovring  to  the  very  slight  solubility 
of  the  salt  in  cold  water,  would  not  be  easily  effected),  the  usual  mode 
I  adopted  was  to  dissolve  the  salt  in  hot,  or  in  boiKng  water,  and  to  leave 
it  to  cool  and  stand  for  about  twenty-four  hours,  so  that  the  excess  of 
salt  dissolved  by  heat  might  re-crystallize  out  of  the  solution,  which, 
after  filtration  to  separate  the  crystals,  the  necessary  quantity  of  it 
was  taken,  evaporated  to  dryness,  and  the  weight  of  the  residue  deter- 
mined. 

I  shall  now  proceed  to  describe  the  characters  of  the  nitroprussides 
of  some  of  the  more  important  alkaloids.  I  shall  commence  with 

those  which,  owing  to  their  sparing  solubility  in  water,  may  be  pre- 
pared by  precipitation. 

Strychnine  Nitroprusside. 

The  first  I  shall  speak  of  is  the  strychnine  salt,  as  this  is  the  ̂ '  only 
organic  nitroprusside,  as  far  as  I  was  able  to  ascertain,  which  has 
received  some  very  slight  attention,  and  concerning  which  some  con- 

flicting statements  have  appeared.  I  believe  that  !Mr.  John  Horsley, 
of  Cheltenham,  was  the  first  to  point  out  that  sodium  nitroprusside 
formed  a  crystalline  precipitate  with  strychnine  salts,  and  finding  that 
where  it  had  been  added  to  a  mixture  of  that  alkaloid  and  strong  sul- 

phuric acid,  the  characteristic  purple  reaction  (which  is  developed  by 
strychnine,  when  it  is  acted  on  by  different  oxidizing  agents  imder 
those  circumstances)  was  produced,  he  proposed  it,  the  sodium  nitro- 

prusside, as  a  more  delicate  reagent  than  potassium  bichromate  for 

that  purpose.  But  it  was  subsequently  shown  by  Rogers  and  !N"eu- 
bauer  that  this  reaction  which  Horsley  observed  was  due  to  the  nitro- 

prusside he  employed  containing  potassium  ferricyanide,  known  in 
commerce  as  the  red  prussiate  of  potash — a  salt  which,  several  years 
ago,  I  myself  proposed  to  be  used  in  conjunction  with  strong  sulphuric 
acid,  as  a  test  for  strychnine  ;  and  which,  according  to  my  experi- 

ments, possesses  some  advantages  for  that  pui'pose  over  the  potassium 
bichromate,  the  salt  which  is  usually  employed  in  the  detection  of 
that  alkaloid.  And  I  mention  this  circumstance,  as  in  several  chemical 
works  where  my  name  has  been  quoted  in  connexion  with  this  test,  an 
error  has  been  made  in  putting  the  f erro-  instead  of  the  ferricyanide  of 
potassium,  as  the  salt  to  be  employed  ;  for  the  former,  which  is  well 
known  under  the  name  of  the  yellow  prussiate  of  potash,  has   no 

*  Since  my  investigations  -vrere  made,  I  have  ascertained  that  Mr.  Horsley, 
several  j-ears  ago,  proposed  sodium  nitroprusside  as  a  test  for  certain  alkaloids,  and 
pointed  out  that  when  it  was  added  to  solutions  of  brucine,  and  to  those  of  morphine, 
and  the  mixtures  examined  under  the  microscope,  that  characteristic  crystals  were 
produced,  as  well  as  in  the  case  of  strychnine,  to  which  he  had  previously  directed 
attention.     See  The  Chemical  News,  vol.  v.  p.  355. 
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power  whatever  of  developing  the  characteristic  reaction  of  strychnine- 
tinder  the  circnmstances  stated.  But  to  retui-n  to  the  sodium  nitro- 
prusside  ;  my  experiments  on  that  salt  fully  confirm  the  statement  of 
those  two  chemists  already  mentioned,  as  to  its  incapability  of  develop- 

ing the  pui-ple  reaction  when  added  to  a  mixture  of  strychnine  and 
sulphuric  acid. 

I  shall  now  describe  the  reaction  of  sodium  nitroprusside  on  a 
soluble  salt  of  strychnine,  and  point  out  some  of  the  properties  of  the 
resulting  nitroprusside  of  that  alkaloid.  When  a  solution  of  the 
former  salt  is  added  to  one  of  the  latter,  there  will  he  immediately 
formed  a  dull  reddish-white  precipitate,  which,  on  being  examined 
under  the  microscope,  will  be  found  to  be  in  great  part  of  a  crystalline 
character,  consisting  of  very  fine  prismatic  crystals.  On  heating  the 
mixture,  the  precipitate  will  dissolve ;  and  on  cooling,  it  will  re- 

appear in  a  lighter  and  more  completely  crystalline  form,  the  crystals 
being  arranged  in  a  peculiar  brush  or  fan-shaped  manner,  or  radiating 
from  a  point  in  all  directions.  Some  of  this  salt  which  had  been  pre- 

cipitated by  a  solution  of  sodium  nitroprusside,  and  was  washed  and 
dried  in  the  way  already  described,  was  taken  and  heated  in  the 
water-bath  till  its  weight  remained  constant,  and  the  loss  sustained  by 
a  given  quantity  was  noted.  The  thoroughly-dried  salt  was  then 
dissolved  in  water,  and  precipitated  by  a  solution  of  silver  nitrate,  and 
the  silver  nitroprusside  so  formed  ascertained.  Prom  these  two 
results — viz.,  the  amount  of  water  lost  by  drying,  and  of  silver  nitro- 

prusside obtained — agreeing  most  closely  with  the  amounts  which 
should  by  calculation  be  furnished  by  a  salt  having  the  formula 

(C,iH,2j!^o02)^Ho(^^0)FeCy5  +  3HoO,  where  two  molecules  of  the 
base  are  combined  with  one  of  the  acid,  plus  three  atoms  or 
molecules  of  water  of  crystallization,  there  can  therefore  be  no 
doubt  that  this  formula  expresses  the  composition  of  the  salt, 
at  least  as  regards  the  relative  proportions  of  the  base  and  acid. 
As  to  the  water  of  crystallization,  there  is  not  the  same  certainty, 
for  this  salt  readily  loses  such  water  by  exposure  to  the  air  at  the 
ordinary  temperature,  and  consequently  it  is  difficult  to  remove 
the  moisture  without  its  losing  at  the  same  time  more  or  less  of  the 
water  necessary  for  its  crystallization.  Its  composition  shows  that  it 
is  a  neutral  salt,  and  test-papers  indicate  the  neutraKty  of  its  solutions. 
As  to  its  solubility  in  water,  I  found  by  the  means  already  described 
that  it  required  about  847  times  its  weight  of  cold,  and  very  nearly 
66  times  its  weight  of  boiling,  water  for  its  solution. 

It  dissolves  but  slowly  and  in  comparatively  small  proportion  in 
rectified  spirit,  either  hot  or  cold,  and  is  only  very  slightly  soluble  in 
chloroform,  and  still  less  so  in  ether,  and  does  not  appear  to  be  dis- 

solvable by  benzole. 
I  may  observe,  as  regards  the  ciystallization  of  this  salt,  that, 

though  it  usually  assumes  one  or  other  of  the  forms  already  described, 

yet,  when  it  very  slowly  crystallizes  from  its  aqueous,  or  more  particu- 
larly alcoholic  solutions,  it  presents  itself,  at  least  in  part,  under  the  form 
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o£  very  thin  square  or  rectangular  plates ;  and  I  may  also  state,  that  when. 

the  crystals  of  this  salt  are  exposed  to  the  aii',  they  become  more  or 
less  opaque,  and  present  a  silky  reddish-white  appearance.  I  may 
further  add,  that  strychnine  does  not  appear  to  be  capable  of  forming 
an  acid  salt  with  nitroprussic  acid. 

Brucine  Nitroprmside. 

"When  a  solution  of  sodium  nitroprusside  is  added  to  a  soluble  salt 
of  brucine,  such  as  the  sulphate,  a  dull  yellow  precipitate  will  be  im- 

mediately formed :  this,  when  examined  under  the  microscope,  will 
be  found  to  be  more  or  less  crystalline ;  and  on  heating  the  mixture, 
as  in  the  case  of  strychnine  salt,  it  will  dissolve  completely ;  and  on 
cooling  it  will  again  reappear,  but  in  a  lighter  and  much  more  crys- 
talKne  form,  consisting  of  long  and  slender  four-  or  six-sided  prisms, 
terminating  in  wedge-shaped  ends,  and  when  dry  presents  a  light- 
yellow  colour.  Some  of  the  salt  obtained  as  just  stated  was  washed 
and  dried  in  the  manner  already  described,  and  a  given  weight  of  it 
being  taken,  it  lost  by  drying  in  the  water  bath,  and  yielded  of  silver 
nitroprusside,  quantities  of  water,  and  of  the  silver  salt,  which  agreed 
very  closelv  with  those  which  should  have  been  furnished  by  a  salt 

having  the'formula  (Co3B:26^"204)^Ho(NO)FeCy5  +  3H,0,  in  which  two atoms  of  brucine  are  united  to  one  of  nitroprussic  acid,  and  three 
atoms  of  water  are  combined  with  the  salt  in  its  crystalline  form ; 
consequently,  I  conclude  that  such  is  its  constitution. 

It  is  a  j^erfectly  neutral  salt,  which  is  very  sparingly  soluble  in 
cold  water,  but  dissolves  in  much  larger  quantity  in  hot  or  boiling 
Tvater  ;  and  from  an  experiment  I  made,  I  found  that  the  thoroughly 

<lried  salt  requii'ed  about  736  times  its  weight  of  cold,  and  only  about  58 
times  its  weight  of  boiling,  water  for  its  solution.  It  readily  dissolves 
in  rectified  spirit,  and  is  soluble  to  a  considerable  extent  in  chloroform 
and  in  ether,  but  is  much  more  so  in  the  former  than  in  the  latter, 
and  it  appears  to  be  almost  insoluble  in  benzole. 

Quinine  N'itrojyrussides. 
The  alkaloid  quinine  is  capable  of  forming  with  nitroprussic  acid 

two  salts,  viz.  a  neutral  and  an  acid  one.  The  first  was  obtained  by 
dissolving  quinine  neutral  sulphate  in  boiling  water,  and  adding  to 
this  solution,  whilst  still  hot,  sodium  nitroprusside.  A  solution  of 

this  latter  salt,  on  being  gradually  added  di'op  by  drop  to  the  quinine 
solution,  at  first  produced  no  precipitate,  or,  if  any  was  formed,  it  was 
immediately  redissolved ;  but  on  continuing  its  addition,  prismatic 
crystals  began  to  appear,  and  to  increase  in  quantity.  The  sodium 
nitroprusside  was  added  till  the  mixture  acquired  a  reddish  colour 
from  an  excess  of  that  salt ;  it  was  then  suffered  to  cool,  when  a 

further  quantity  of  the  new  salt  crystallised  out ;  this  was  then  sepa- 
rated by  filtration,  and  washed  with  cold  distilled  water,  to  remove 

the  sodium  sulphate  formed  and  the  excess  of  sodium  nitroprusside ; 
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■and  the  wasliing  was  continued  till  barium  chloride  failed  to  indicate 
the  presence  of  sulphuric  acid  in  the  water  used  in  washing  the  salt. 
It  was  then  drained  and  dried,  first  by  being  placed  betweea  blotting- 
paper,  and  afterwards  by  exposing  it  to  the  air  for  some  time,  till  it 
appeared  to  be  quite  dry.  When  so  prepared  it  had  a  light-reddish 
colour  and  a  somewhat  glistening  appearance ;  and,  on  being  placed 
under  the  microscope,  it  was  found  to  consist  of  prismatic  crystals, 
the  prevailing  forms  of  which  were  six-sided  prisms,  many  of  which 
had  wedge-shaped  terminations.  The  salt  is  only  very  slightly  soluble 
in  cold  water,  it  requiring  about  2500  times  its  weight  of  that  liquid 
at  the  ordinary  temperature  for  its  solution,  and  this  very  small  quan- 

tity of  the  salt  scarcely  affects  its  colour.  It  is  much  more  soluble, 
however,  in  boiling  water,  of  which  it  requires  about  83  times  its 
weight  to  dissolve  it ;  and,  when  saturated  at  this  temperature,  it  has 
a  faint  brownish  colour ;  and  its  aqueous  solutions  are  neutral  to  test- 
papers.  Though  it  is  so  sparingly  soluble  in  water,  it  dissolves 
readily  in  rectified  spirit.  From  the  amount  of  silver  nitroprusside 
which  a  given  weight  of  the  thoroughly  dried  salt  yielded,  it  was  evi- 

dent that  two  molecules  of  quinine  were  combined  with  one  of  nitro- 
prussic  acid,  and  that  it  was  a  perfectly  analogous  salt  with  the 
quinine  neutral  sulphate,  and  that  its  composition  was  represented 

by  the  following  formula  :—(C2oH24N'20o)2.  Ho  (NO)  PeCyg.  As  to the  quantity  of  water  this  salt  requires  for  its  crystallization,  I 
shall  not  venture  to  state ;  for  the  loss  which  a  given  weight  of  the 
air-dried  salt  underwent  by  heating  in  the  water  bath  was  so  very 
trifling,  I  conclude  that  it  must  have  lost  the  greater  portion  of  its 
water  of  crystallization  in  its  preliminary  drying,  and  it  will  require 
further  research  to  determine  this  point. 

Before  leaving  this  salt  I  may  add  that,  when  to  a  cold  saturated 
aqueous  solution  of  quinine  neutral  sulphate,  sodium  nitroprusside 
is  gradually  added,  drop  by  drop,  it  produces  a  reddish- white  precipi- 

tate, which  at  first  re-dissolves,  but,  on  continuing  the  addition  of  the 
nitroprusside,  it  ceases  to  disappear,  and  leaves  the  mixture  turbid ; 
on  its  standing,  however,  for  a  short  time,  the  precipitate  assumes  a 
somewhat  crystalline  appearance,  and  after  a  further  interval  it  sub- 

sides, forming  a  somewhat  granular  deposit,  which,  on  being  examined 
tinder  the  microscope,  is  found  to  consist  of  short  prismatic  crystals, 
radiating  from  a  point  in  a  stellate  form ;  but  the  salt,  whether  preci- 

pitated from  a  hot  or  cold  solution,  appears  to  be  the  same  compound. 
The  quinine  acid  nitroprusside  was  obtained  by  the  following  pro- 

cess : — Some  quinine  neutral  sulphate  having  been  dissolved  in 
water,  by  the  addition  of  the  least  possible  amount  of  diluted  sulphuric 
acid ;  to  this  soliition  was  added  gradually  sodium  nitroprusside. 
This  produced  at  first  a  reddish-white  precipitate,  which,  on  examina- 

tion under  the  microscope,  was  found  to  consist  of  minute,  oil-like 
globules ;  these,  after  a  short  time,  aggregated  together  and  subsided, 
adhering  to  the  sides  and  bottom  of  the  glass  containing  the  mixture, 
in  the  form  of  a  very  sticky  and  resinous-like  deposit ;  but  this,  after 
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remaining  some  time  longer,  became  somewhat  opaque,  and  presented 
a  more  or  less  crystalline  appearance,  which,  when  examined  under 
the  microscope,  was  found  to  consist  of  masses  of  minute,  flattened,  ob- 

lique prismatic  crystals,  the  forms  of  which,  however,  were  very 
different  from  those  of  the  neutral  salt.  Some  of  this  nitroprusside, 
which  had  assumed  the  crystalline  condition,  was  washed  with  a  little 
distilled  water,  and  dried,  and  the  amount  of  silver  nitroprusside  which  a 
given  weight  would  furnish  ascertained.  This  was  found  to  correspond 
almost  exactly  with  the  quantity  of  silver  nitroprusside  which  a  salt  of 

the  following  composition  should  yield: — C2oB[24No02.H2(!N'0)EeCy5. It  has  an  acid  reaction,  and  is  much  more  soluble  in  water  than  the 
neutral  salt,  requiring  only  about  107  times  its  weight  at  the  ordinary 
temperature  for  its  solution,  and  when  so  dissolved  it  gives  to  the  water 
a  reddish-brown  colour.  It  also  readily  dissolves  in  rectified  spirit, 
especially  on  the  application  of  heat.  In  its  composition  and  proper- 

ties it  is,  therefore,  a  perfectly  analogous  salt  to  the  quinine  acid  sul- 
phate. This  salt,  like  the  neutral  one,  on  exposure  to  the  air,  loses 

more  or  less  of  its  water  of  crystalKzation. 

Cinchonine  Nitroprussicles. 

Cinchonine,  like  quinine,  forms  two  salts  with  nitroprussic  acid. 
The  neutral  one  was  obtained  from  cinchonine  neutral  sulphate,  as  in  the 
case  of  the  quinine  salt,  only  that  in  this  instance,  owing  to  its  greater 
solubility,  a  cold  saturated  solution  was  employed  instead  of  a  hot 
one.  On  adding  sodium  nitroprusside  to  such  a  solution  of  cincho- 

nine, an  immediate  reddish-white  precipitate  was  formed,  which, 
when  examined  under  the  microscope,  presented  the  appearance  of 
minute  oil-like  globules  :  these,  on  agitation,  agglutinated  into  lumps, 
which  stuck  to  the  sides  and  bottom  of  the  glass  in  a  resinous  form, 
and  acquired  a  darker  reddish  colour.  These  masses,  on  standing  till 
the  next  clay,  became  crystalline,  and  small  reddish-brown  crystals, 
which  were  peculiar  compound  modifications  of  the  cube  and  octahe- 

dron, were  found  floating  on  the  surface  of  the  liquid  and  adhering  to 
the  sides  of  the  glass  containing  the  mixture.  This  salt,  after  drain- 

ing and  washing  with  a  little  distilled  water,  was  dried,  and  the 
amount  of  silver  nitroprusside  which  a  given  quantity  would  yield  ascer- 

tained :  this  was  found  to  agree  very  closely  with  that  which  should  be 

furnished  by  a  salt  having  the  following  formula : — (C20II24N2O)'*. 

IIo(]N'0)EeCy5.  It  is  therefore  a  neutral  salt,  agreeing  in  its  constitu- tion with  the  corresponding  quinine  salt.  This  salt  is  soluble  in  about 
192  times  its  weight  of  cold,  and  in  about  35  times  its  weight  of  boil- 

ing, water,  and  it  readily  dissolves  even  in  cold  rectified  spirit.  "When this  neutral  salt  was  dissolved  in  nitroprussic  acid  it  yielded  an  acid 

cry stalliz able  salt,  which,  no  doubt,  has  the  composition  of  the  corre- 
sponding quinine  acid  salt. 
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Quinidine  mid  CincJionidine  Nitropriissides. 

Quinidine  and  cinchonidine,  two  bases  which  are  isorQeric  or  of 
the  same  percentage  composition  with  quinine  and  cinchonine  (and  are 
obtained  from  quinidine — a  resinous  matter  produced  in  the  prepara- 

tion of  quinine),  form,  with  nitroprussic  acid,  as  might  be  expected, 
neutral  and  acid  salts  corresponding  with  those  of  quinine  and  cincho- 

nine. The  quinidine  neutral  salt  is  thrown  down  from  the  first  in 
great  part  as  a  crystalline  precipitate,  when  a  solution  of  the  neutral 
sulphate  of  that  base  is  treated  with  one  of  sodium  nitroprusside.  Its 
crystals  are  prismatic,  and  of  a  very  light  brown  colour.  This  salt 
requires  about  105  times  its  weight  of  cold,  and  about  50  times  of 
boiling,  water  for  its  solution ;  and  it  is  readily  soluble  in  rectified 
spirits.  Its  solutions  are  neutral,  and  there  can  be  no  doubt  that  its 
composition  is  similar  to  the  quinine  neutral  salt  where  two  molecules 
of  the  base  are  united  with  one  of  the  acid. 

The  cinchonidine  neutral  salt,  which  is  obtained  by  the  same 
means  from  the  neutral  sulphate  of  that  base,  is  precipitated  in  the 
form  of  minute  oil-like  globules,  which  on  subsiding  adhere  together, 
forming  a  sticky,  more  or  less  transparent,  brown  deposit,  which  exhi- 

bits no  disposition  to  crystallise  even  after  standing  for  a  considerable 
time.  This,  on  exposure  to  the  air,  hardens,  becoming  at  the  same 
time  very  brittle  and  resinous  in  its  appearance.  This  nitroprusside 
requires  about  217  times  its  weight  of  cold,  and  about  21  times  of 
boiling,  water  for  its  solution,  and  it  dissolves  readily  in  rectified 
spirit.  This  salt  being  neutral  in  its  reaction,  there  can  be  no  doubt 
that  its  constitution  is  similar  to  the  corresponding  cinchonine  salt, 
where  two  molecules  of  the  base  are  combined  with  one  of  the  acid. 

The  apparent  absence  of  any  disposition  on  the  part  of  this  nitroprus- 
side to  assume  a  crystalline  condition,  affords  a  distinctive  character 

between  this  and  the  corresponding  cinchonine  salt ;  for  though  the  lat- 
ter is  precipitated  at  first  like  the  former,  in  minute  oil-like  globules, 

and  forms  an  apparently  similar  sticky,  transparent,  brownish  deposit, 
still,  on  standing  for  a  variable  period  of  some  hours,  it  becomes  highly 
crystalline,  furnishing  very  characteristic  crystals,  as  already  stated, 
some  of  which  may  sometimes  be  seen  fioating  on  the  surface  of  the 
supernatant  liquid,  or  adhering  to  the  sides  of  the  vessel  in  which  it  is 
contained.  This  salt,  as  well  as  the  neutral  quinidine  nitroprusside, 
dissolves  readily  in  nitroprussic  acid,  and  they  both  thus  form  crystal- 
lizable  acid  salts  similar  to  those  in  the  case  of  quinine  and  cinchonine; 
but  therr  further  properties  I  have  not  yet  been  able  to  determine. 

Verafrine  Nitroprusside. 

Veratrine,  the  active  principle  of  the  white  hellebore,  which  is  a 
very  powerful  poison,  forms  with  nitroprussic  acid  a  neutral  salt, 
which  may  be  readily  obtained  by  precipitating  its  sulphate  with 
sodium  nitroprusside,  when  it  presents  itself  as  a  cream-coloured  or 
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almost  "wMte  precipitate,  which  is  amoii^hous,  and  its  particles  did  not 
agglutinate  together  like  some  of  the  other  nitroprussides,  •which  do 
not  assume  a  crystalline  form  when  so  precipitated.  It  was  very  slow 
in  subsiding,  though  it  was  easily  filtered  and  washed,  the  filtrate  from 

the  first  passing  thi'ough  clear :  after  washing,  till  it  gave  scarcely  a 
trace  of  sulphuric  acid,  it  was  dried  and  examined.  In  this  state  it 
is  almost  white,  and  drfiers  little  in  its  appearance  from  veratrine  itself. 
It  is  sparingly  soluble  in  both  cold  and  hot  water,  requiring  about  416 
times  its  weight  of  water  at  the  ordinary  temperature,  and  about  215  at 
the  boiling  point,  for  its  solution.  This  nitroprusside,  unlike  most  of 
those  of  the  other  alkaloids,  does  not  appear  to  have  any  disposition  to 
form  a  crystalline  salt,  even  after  long  standing.  I  have  not  yet  been 
able  to  ascertain  the  proportion  of  base  and  of  acid  that  it  contains ; 
but  there  can  be  little  doubt  that  it  consists  of  two  molecules  of  the 
base  combined  with  one  of  the  acid,  as  in  the  case  of  the  neutral  salts 
of  the  other  alkaloids.  It  is  very  soluble  in  rectified  spirit,  both  cold 
and  hot ;  and  in  ether  it  dissolves  to  a  considerable  extent,  whilst  in 
chloroform  its  solubility  is  much  less. 

From  the  experiments  I  made,  it  does  not  appear  that  veratrine  is 
capable  of  forming  an  acid  salt  with  nitropmssic  acid. 

Morphine  Nitropruuide. 

I  shall  now  describe  a  few  of  the  nitroprussides  of  the  alkaloids 
which  foiTu  very  soluble  salts,  and  therefore  cannot  be  obtained  by 
precipitation,  as  those  already  noticed. 

The  very  important  alkaloid  morphine,  the  chief  active  principle 
of  opium,  forms  a  readily  crystallizable  neutral  salt  with  nitroprussic 
acid.  It  was  obtained  by  simply  dissolving,  with  the  assistance  of  a 

gentle  heat,  morphine^  in  nitroprussic  acid,  till  a  perfectly  neutral 
solution  was  obtained.  This,  which  was  of  a  reddish-brown  colour, 
being  filtered,  and  the  filtrate  somewhat  concentrated  by  evaporation 
on  the  water-bath,  began  to  furnish  prismatic  crystals  ;  and  in  order  to 
obtain  these  of  larger  size  and  more  perfect  form,  the  solution  was 

^  The  nitroprussic  acid  used  in  fomn'ng  tHs  and  other  salts  was  easily  prepared by  digesting  for  some  days,  with  occasional  agitation,  silver  nitroprusside  in  diluted 
hydrochloric  acid,  contained  in  a  well-stopped  bottle ;  when  the  nitroprussic  acid 
and  silver  chloride  are  formed  by  double  decomposition,  and  the  fonner  may  be 
separated  from  the  latter  by  filtering  the  mixture.  In  preparing  thus  this  acid,  it  is 
necessary  to  employ  an  excess  of  silver  nitroprusside  to  ensure  the  complete  re- 

moval of  the  hydrochloric  acid  employed.  That  such  is  the  case  may  be  ascertained 
by  collecting  some  of  the  silver  chloride,  and  this  being  well  washed  on  a  filter  with 
distilled  water  till  the  filtraTe  becomes  colourless  ;  if  then,  after  the  addition  of  a  few 
drops  of  diluted  hydrochloric  acid  to  the  chloride,  the  water  used  in  washing  it 
again  acquires  a  reddish  coloui",  it  is  a  proof  that  there  was  some  silver  nitroprusside 
in  excess  over  that  necessary  to  remove  the  whole  of  the  hydrochloric  acid.  Indeed, 
if  the  silver  chloride  foiTQed,  after  being  well  washed,  has  a  reddish  colour,  it  indi- 

cates the  same  fact. 
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then  placed  under  a  bell-glass  along  with  a  vessel  of  sulpliuric  acid, 
and  the  air  exhausted,  by  which  the  further  evaporation  was  readily 
eif  ected,  and  when  the  liquid  portion  was  thus  nearly  all  removed,  the 
crystals  were  drained,  placed  on  filtering  paper,  and  afterwards 
exposed  to  the  air  for  some  hours ;  and  when  they  appeared  to  be 
thoroughly  dried,  the  salt  was  taken  for  examination.  The  crystals  so 

prepared  were  of  a  reddish-brown  colour,  and  theii*  form  that  of  four- 
sided  prisms,  some  of  which  terminated  in  wedge-shaped  ends,  but 
most  of  them  abruptly,  as  if  broken  across.  A  given  quantity  of  the 
salt  was  then  taken,  and  heated  in  the  water-bath  till  its  weight 
became  constant :  by  this  treatment  the  crystals  became  more  or  less 
opaque  and  friable,  so  that  they  were  easily  reduced  to  powder,  though 
they  retained  their  external  form.  I  found  that  the  amount  of 
water  lost  in  this  way,  and  the  quantity  of  silver  nitroprusside 
yielded  by  a  given  weight  of  the  thoroughly-cbied  salt,  agreed  most 
closely  with  the  quantities  of  water  and  of  silver  nitroprusside 
which  should  be  furnished  by  calculation,  from  a  salt  of  morphine 

having  the  formula  (CnHigK'O,)-,  H,  (jSrO)FeCy5  +  HoO,  where  two molecules  of  the  base  were  combined  with  one  of  the  acid,  plus 
one  atom  of  water  of  crystallization.  It  is  consequently  a  neutral 
salt  in  its  constitution,  and  its  solutions  also  indicate  its  neutrality. 
The  salt  appears  to  undergo  no  change  by  exposure  to  the  air,  its 
crystals  having  retained  their  form  and  appearance  after  long  exposure 
to  its  action.  This  nitroprusside  dissolves  slowly  in  cold  water,  but 
readily  in  hot ;  and,  from  an  experiment  I  made,  I  ascertained  that  it 
required  about  112  times  its  weight  of  the  former  for  its  solution.  It 
dissolves  slowly  in  rectified  spiiit,  especially  at  the  ordinary  tempera- 

ture ;  and  is  only  very  slightly  soluble  in  ether  and  in  chloroform. 
Before  leaving  this  salt  I  should  observe  that  it  may  also  be  readily 
obtained  by  treating  a  solution  of  morphine  chloride  with  an  excess  of 
silver  nitroprusside,  when  the  morphine  nitroprusside  and  the  silver 
chloride  will  be  produced,  and  the  former,  which  remains  in  solution, 
is  easily  removed  from  the  latter,  as  well  as  from  the  excess  of  silver 
nitroprusside  that  may  be  present,  by  filtration. 

I  may  further  add  that,  from  some  experiments  I  made,  it  does 
not  appear  that  nitroprussic  acid  is  capable  of  forming  an  acid  salt 
with  morphine. 

Nicotine  Nitroprussides. 

Mcotine  (the  active  principle  of  tobacco,  which  is  one  of  the  most 
deadly  of  our  poisons,  and,  like  prussic  acid,  will  destroy  life  with 
great  rapidity  when  taken  even  in  very  small  doses)  is  capable,  I  find^ 
of  forming  two  salts  with  nitroprussic  acid,  viz.,  a  neutral  and  an  acid 
one.  As  the  neutral  salt  does  not  appear  to  be  crystallizable,  Avhilst 
the  acid  one  is  readily  so,  the  latter  possesses  the  most  interest,  aud 
consequently  was  the  one  I  chiefly  studied. 

It  may  be  easily  obtained  by  adding  to  an  aqueous  solution  of 
nicotine  nitroprussic  acid  till  the  mixture  has  a  strong  acid  reaction 

2  L  -i 
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and  the  odour  of  nicotine  almost  disappears  ;  this  solution  on  evapora- 
tion will  furnish,  long  prismatic,  reddish-brown  crystals,  the  prevailing 

forms  of  which  are  six-sided  prisms  with  truncated  ends.  These 
crystals  are  permanent  in  the  air — at  least  they  appeared  to  undergo 
no  change  by  exposure  to  its  influence  for  a  considerable  time.  This 
salt  is  readily  soluble  in  both  cold  and  hot  water,  and  of  the  former  it 
requires  only  about  17  times  its  weight  for  its  solution,  and  when 
thus  fully  saturated  with  the  salt  the  water  acquires  a  deep  reddish- 
brown  colour.  It  is  also  soluble  in  rectified  spirit,  though  rather 
sparingly  so,  at  the  ordinary  temperature ;  but  on  the  application  of 
heat  it  dissolves  in  it  readily  and  in  considerable  quantity,  giving  to 
the  solution  a  dark  reddish-brown  colour,  very  similar  in  its  appear- 

ance to  the  saturated  aqueous  solution,  and  which  on  cooling  yields  a 
considerable  proportion  of  the  salt  in  the  crystalline  form,  and  conse- 

quently spiiit  may  with  advantage  be  employed  in  its  preparation  and 
purification.  It  is  very  slightly  soluble  in  ether,  and  is  almost  in- 

soluble in  chloroform. 

A  given  weight  of  the  salt,  which  had  been  dried  by  means  of 

blotting-paper  and  by  subsequent  exposure  to  the  aii',  was  heated  in 
the  water-bath  till  it  ceased  to  vary  in  weight,  when  the  crystals 
acquired  a  dull  appearance  from  the  loss  of  theii'  water  of  crystalliza- 

tion ;  and  the  amount  of  such  loss,  and  the  quantity  of  silver  nitro- 
prusside  that  the  dried  salt  yielded,  agreed  very  closely  with  the 
quantities  which  should  be  furnished  by  a  salt  having  the  formula 

CioHu^s,  H2(iS"0)PeCy5  +  2II2O,  where  one  molecule  of  nicotine  was combiued  with  one  of  nitroprussic  acid,  plus  two  atoms  of  water  of 
ciystallization.  It  is  therefore  by  its  constitution  an  acid  salt,  and  its 
solutions  possess  a  strong  acid  reaction,  and  the  salt  itself  has  no  odour 
of  nicotine. 

I  may  further  observe  that  in  preparing  this  salt,  if  sufficient 
nitroprussic  acid  has  not  been  added  in  the  first  instance  to  convert 
the  whole  of  the  nicotine  into  the  acid  salt,  some  of  the  neutral  one 
will  remain  after  the  separation  of  the  crystals  of  the  former  salt,  and 
on  the  further  addition  of  the  acid  a  fresh  crop  of  crystals  of  the  acid 
nitroprusside  will  be  obtained.  But  a  much  better  way  of  forming 
this  and  other  acid  nitroprussides  of  the  alkaloids  would  be  to  take 
two  equal  portions  of  nitroprussic  acid,  and,  having  neutralized  one 
completely  with  the  alkaloid,  to  add  to  it  the  other,  when  at  once  the 
desired  end  would  be  obtained. 

Nicotine  forms  a  neutral  salt  also  with  nitroprussic  acid ;  for  when 
that  acid  is  carefully  added  to  an  aqueous  solution  of  that  base,  a  neu- 

tral mixture  may  be  obtained,  wliich,  on  evaporation  under  a  bell- 
glass  in  tacuo  with  sulphuric  acid,  yields  a  dark  reddish-brown  syrupy 
residue,  exhibiting  no  disposition  to  crystallize,  and  evolving  a  strong- 
odour  of  nicotine,  and  on  further  drying  forms  an  almost  black  resi- 

nous-looking mass. 
This  dissolves  readily  in  water,  forming  a  dark-brown  neutral 

solution,  which  on  heating  gives  off  a  strong  odour  of  nicotine,   and 
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gradually  becomes  more  and  more  acid  in  its  reaction  from  the  forma- 
tion of  a  small  quantity  of  the  acid  salt.  And  this  neutral  compound 

will,  on  the  addition  of  more  nitroprussic  acid,  furnish  crystals  of  the 
acid  salt.  Though  I  have  not  yet  determined  the  proportions  of  base 
and  acid  in  this  nitroprusside,  there  can  he  no  doubt  that  there  are 
two  molecules  of  the  base  combined  with  one  of  the  acid,  as  in  the  case 
of  the  neutral  salts  of  the  other  alkaloids.  And  I  may  further  add, 
that  the  same  neutral  salt  was  likewise  obtained  by  the  action  of  sil- 

ver nitroprusside  on  a  neutral  solution  of  nicotine  chloride. 
Though  the  foregoing  observations,  as  I  am  fully  aware,  leave 

much  yet  to  be  done  in  the  direction  I  have  been  pursuing,  still  I 
thought  it  better,  before  the  close  of  the  session,  to  make  this  prelimi- 

nary report,  embodying  the  results  I  have  already  obtained  in  investi- 
gating some  of  the  organic  salts  of  nitroprussic  acid.  But  I  trust  that 

before  long  I  may  be  able  to  extend  my  observations,  not  only  as  re- 
gards the  alkaloids,  but  to  other  organic  bases,  when  I  hope  to  lay  my 

results  before  this  Academy  in  a  more  complete  and  perfect  form. 
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LII.   PiJELIMINAET    NoTICE    OF    A    MeMOIR    ON    RoCK-JOINTlNG,    IN    ITS 
EELATION    TO    PHENOMENA    IN    PHYSICAL    GeOGKAPHY    AND    PHYSICAL 

Geology.     By  Peofessok  William  King,  Sc.D.,  &c.     (Abstract  by 
the  Author.) 

[Read,  Jime  18,  1880.] 

The  author  in  the  beginning  introduces  the  principal  conclusions  (of 

■which  there  are  six)  which  he  has  arrived  at  in  his  "Peport"  on  the 
Jointing  of  Rocks,  &c.,  published  in  the  Transactions  of  the  Royal 
Irish  Academy,  1875,  Yol.  xxv. ;  after  which  he  notices  what  has  lately 
been  published  on  the  subject  by  Daubree  and  Sorby,  whose  remarks, 
he  maintains,  are  confirmatory  of  his  main  conclusions. 

According  to  the  author,  jointing  is  a  physical  phenomenon,  which, 

constituting  lines  or  zones  of  weakness  in  the  earth's  crust,  has  per- 
mitted subterranean  disturbances,  often  accompanied  by  igneous 

upbursts,  to  follow  the  courses  of  these  zones.  Such  disturbances 

have  greatly  afi^ected  rocks  possessed  of  jointing,  compressing  them  at 
right  angles  to  the  course  of  an  axis  of  disturbance,  and  bringing  the 
planes  of  jointing  into  immediate  contact;  thus  developing  slaty 
cleavage.  The  same  agencies,  besides  producing  enormous  disloca- 

tions or  faults,  have,  by  their  transgressive  action,  flexured  rocks  into 
mountain  chains,  and  intervening  valleys  into  parallelism  with  an 
axis  of  disturbance. 

Although  agencies  of  the  kind  have  often  obliterated  jointing,  the 
writer  assumes  that  cleavage  planes  represent  it ;  also  that  the  strike 
of  these  planes  indicates  the  course  or  direction  pursued  by  the 
obliterated  jointing,  and  consequently  the  system  to  which  this 
divisional  structure  belonged. 

He,  moreover,  regards  the  coast-lines  of  continents  as  a  correlative 
phenomenon ;  taking  these  features  to  be  defined  by  the  great  sub- 

marine slopes  which  rapidly  descend  into  the  abysses  of  the  oceans. 
This  last  point  brings  the  author  in  contact  with  Dana,  who 

contends  that  the  earth's  continents  have  always  been  continents,  or, 
as  the  writer  puts  it,  that  the  present  continents,  in  the  main,  have 
been  from  the  earliest  geological  periods  greatly  elevated  regions, 
separated  by  enormously  deep  depressions.  So  far,  there  is  some 
agreement  between  both  authors.  Dana,  however,  contends  that  our 

continents  have  been  produced  by  regional  up-bendings  and  down- 
bendings  of  the  earth's  crust,  the  former  giving  rise  to  continental 
masses,  and  the  latter  to  great  ocean  basins ;  whereas  the  writer, 
although  accepting  tbe  pre-Cambrian  antiquity  of  the  main  surface 
features  of  the  earths  crust,  maintains  that  our  continental  coast- 

lines are  in  correlation  with  enormous  faults,  which  have  thrown 
down  the  rocks  on  one  side  of  a  dislocation  thousands  of  feet  below 

their  corresponding  masses  on  the  other  side.  He  furthermore 
maintains  that  the  general  direction  of  any  given  continental  coast- 

line has  been  determined  by  some  system  or  section  of  jointing. 
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There  are  two  systems  of  the  kind — one  meridional,  and  the  other 
equatorial,  depending  on  the  maximum  frequency  of  the  joints  in  certain 
points  of  the  compass.  The  first,  especially,  is  divisible  into  two  sec- 

tions— east-of -north,  and  west-of -north  :  a  third  section,  not  so  strongly 
developed,  may  be  added,  which,  running  north  and  south,  that  is, 
between  the  others,  may  be  called  medio-meridional.  The  equatorial 
system,  in  general  imperfectly  developed,  may  also  be  divided  into 
two  or  more  sections.  As  the  earth's  continents  have  their  chief 
coast-lines  running  in  directions  corresponding  to  the  two  principal 
meridional  sections,  his  contention  is,  that  their  east  coast-line 
belongs  to,  and  has  been  aligned,  by  the  east-of-north  meridional 
jointing;  also  that  their  west  coast-line  stands  in  corresponding  rela- 

tion to  the  west-of-north  section. 
Contending  that  jointing,  slaty  cleavage,  great  lines  of  faulting, 

continental  coast-lines,  and  mountain  chains  are  correlative  phe- 
nomena, he  feels  himself  powerfully  sustained,  not  only  by  the 

parallelism  between  the  United  States  coast  and  the  Appalachian 
ridges,  but  equally  by  the  corresponding  parallelism  of  enormous 
faults — some  with  a  down-throw  of  thousands  of  feet — which  charac- 

terise this  mountain  system.  One  of  the  faults  is  known  to  stretch 
from  Quebec  to  New  Jersey ! 

The  disturbances  which  developed  the  "  great  feature-lines  "  of 
our  globe  seem  to  have  been  in  operation  in  pre-Cambrian  periods. 
Evidences  have  been  discovered  in  the  Rocky  Mountains,  by  Clarence 
King,  of  a  mountain,  or  regional  mass,  defined  in  one  tract  by  a 
nearly  vertical  cliff,  which,  with  an  altitude  of  30,000  feet,  was 
presumably  in  existence  before  the  earliest  palaeozoic  deposits  were 
formed. 

The  agent  which  gave  an  east-of-north  trend  to  the  west  coast  of 
Europe  similarly  affected  much  of  the  north-west  coast  of  Africa ;  and 
seemingly  it  struck  obliquely  across  the  equatorial  section  of  the 
Atlantic,  re-appearing  at  Cape  St.  E,oque,  and  proceeding  onward, 
along  the  mountainous  sea-board  of  Brazil,  to  the  La  Plata.  Enor- 

mous as  undoubtedly  is  this  extent  of  coast-line  formation,  it  is 
surpassed  by  what  is  presented  by  the  west  coasts  of  the  two 
Americas  and  the  east  coast  of  Asia ;  obviously  the  former,  with  its 
parallel  mountain  ranges,  being  in  genetic  relation  with  the  west-of- 
north  and  median  sections  of  meridional  jointing,  and  the  latter  with 
the  east-of-north  section. 

Attention  is  next  directed  to  the  great  inland  ranges  constituting 
the  Alps  and  the  Himalayas.  Both  mountain  masses  have  been  more 
or  less  affected  by  forces  exerted  in  directions  belonging  to  the  two 

principal  sections  of  meridional  jointing;  but  in  both  cases  the  phe- 
nomenon has  been  greatly  swayed  by  movements  presumably  acting 

under  the  influence  of  the  equatorial  system. 
The  disturbances  which  developed  High  Asia — a  vast  continental 

mass  within  a  continent  stretching  from  India  to  the  tundras  of 
the  Taimyr  peninsula,  in  Asiatic  Siberia — have   ridged  it  up  trans- 
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Tersely  into  mountain  chains,  ■with  intervening  desert  platforms.  Its 
southern  extremity  is  formed  by  the  Himalayan  and  other  ridges ; 
their  general  level,  from  20,000  to  24.000  feet  in  altitude,  culmi- 

nating in  still  loftier  peaks,  some  not  far  short  of  30,000  feet. 
All  the  transverse  ridges,  in  a  great  portion  of  their  length,  have 
an  east  and  west  course;  while  their  terminations  generally  curve 
northwards. 

The  development  of  High  Asia  is  a  vastly  complex  phenomenon, 
presumably  resulting  from  disturbances  which  have  been  directed 
along  diiierent  zones  of  weakness.  The  zone  in  correlation  with  equa- 

torial jointing  seems  to  have  been  the  medium  through  which  the 
transverse  ridges  and  their  individual  igneous  axis  were  upheaved ; 
while  those  referrible  to  the  two  principal  sections  of  meridional 
jointing  may  have  similarly  influenced  their  terminations  on  both 
sides  of  this  huge  plateau,  especially  in  the  region  east  of  it ;  where 
mountain  ranges,  coast-lines,  and  off-lying  islands  all  coincide  in 
their  strike  with  the  east-of -north  meridional  jointing.  The  lofty 
parallel  ridges  east  of  Burmah,  in  being  medio-meridional,  are  so  far 
in  conformity  with  the  last-mentioned  features.  This  abstract  will 
scarcely  permit  of  any  reference  being  made  to  the  equatorial  exten- 

sions from  the  Pamir  through  Western  Asia,  &c. 
Respecting  another  prominent  feature  of  our  continents,  it  is 

assumed  that  the  east-of-north  and  the  west-of-north  sections  of 
meridional  jointing  have  primarily  marked  out  the  sides  of  the 
triangle,  under  which  form  these  great  land  masses  are  for  the  most 
part  presented ;  while  the  base  of  the  triangle  is  ascribed  to  equatorial 
jointing.  Eut  it  is  not  yet  clear  why  the  base  of  the  triangle  faces 
the  north,  and  its  apex  points  to  the  south.  The  writer  thinks  the 
solution  lies  in  the  fact  that  the  greatest  elevated  land  masses 

characterise  the  JS^orthern  Hemisphere  and  equatorial  regions  ;  a  dis- position which  would  cause  a  greater  width  of  elevated  land  to  lie 
within  the  basal  area  of  the  triangle  than  at  the  apex. 

The  cjuestion  next  suggests  itself,  arising  fi'om  a  consideration  of 
all  the  phenomena  noticed  in  the  memoir, — if  the  original  elevated 
plateaus  have  always  existed  as  masses,  having  an  elevation  far  above 
the  bottom  of  the  great  intervening  depressions  (oceans) — how  have 
they  become  covered  up  with  oceanic  sediments  thousands  of  feet  in 

thickness,  and  representing  successive  geological  periods  ?  In  this  con- 
nexion it  is  argued  that  elevations  of  rock-masses  are  of  two  kinds  : — 

one  due  to  stratial  disturbances,  which  for  the  most  part  have  been  ex- 
erted horizontally,  or  approximately  so ;  and  the  other  to  vertical  move- 

ments, extending  over  wide  geographical  areas.  The  author's  early 
attention  was  called  to  the  latter  class  of  movements  by  the  beautifully 
developed  series  of  terraces  in  the  Burren  of  Clare,  reaching  to  the 
height  of  nearly  1200  feet.  He  ascribes  tliis  particular  instance  to  a 

slow  upheaval  of  the  district  above  the  sea,  the  sui-face  of  each  terrace 
representing  the  bottom  of  a  shore-line — a  plane  of  marine  denuda- 

tion, and  an   apparent  stoppage  in  the   upheaval.     The  terraces  of 
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Lochaber  have  been  examined  by  him,  with  the  result  of  his  having 
become  convinced  that  they  are  ancient  sea-margins  :  1495  feet  is  the 
height  usually  stated  of  these  terraces  ;  but  he  detected  on  the  flanks 
of  Ben  J^evis  and  the  opposite  mountains  the  like  features,  which 
must  reach  to  an  altitude  of  between  2000  and  3000  feet.  Besides 

the  raised  shell-beaches  standing  at  a  comparatively  low  level  on  the 
coasts  of  JSTorway,  terraces  have  been  lately  observed  and  described  by 
Dawkins,  which  occur  on  the  Dovrefelds,  at  the  heights  of  from  2000 

to  3100  feet.  Darwin's  account  of  the  remarkable  examples  that 
occur  in  Patagonia,  up  to  the  height  of  1300  feet,  leaves  no  doubt  on 

the  present  writer's  mind  that  they  have  been  formed  by  the  action  of the  sea.  Hector  has  described  vast  terraces  on  both  the  Atlantic  and 

Pacific  slopes  of  the  Bocky  Mountains,  stretching  from  Athabasca 
Biver  to  llexico,  and  rising  one  above  another  to  heights  ranging 
from  3500  to  4500  feet  above  the  level  of  the  sea.  The  late  Daniel 

Sharpe  made  known  the  occuiTence  of  lines  of  erosion  on  the  inner 
and  outer  flanks  of  the  Swiss  Alps,  at  about  4800,  7500,  and  9000  feet 
above  the  sea.  And,  to  finish  what  could  be  made  a  much  longer 

list,.  Rudolph  Grriesbach  has  described  terraces  in  !N"atal  lying  at heights  of  about  1000,  2300,  and  5000  feet :  it  would  also  appear 
that  these  correspond  with  certain  of  the  plateaus  common  in  the 
Cape  Colony.  In  short,  it  may  be  safely  stated  that  marine  terraces 
are  to  be  seen  in  every  region  of  the  globe. 

In  the  deep  valleys  of  the  lofty  southern  buttress — Great  range  of 
Thibet — terraces  ascend  to  the  height  of  16,000  feet ;  but  as  these  may 
have  been  formed  along  the  shores  of  elevated  lakes,  such  as  are  now 
in  Ladak  and  adjacent  countries,  it  would  be  unsafe  to  classify  them 
with  the  marine  representatives  that  have  been  noticed. 

The  writer,  nevertheless,  maintains  that  a  number  of  geological 
evidences  afforded  by  the  vast  area  last  noticed,  combined  with  the 
proofs  already  brought  forward,  establish  the  conclusion  that  vertical 
movements,  equal  to  hemispheres  in  extent,  have  affected  not  only 

High  Asia,  but  the  entirety  of  the  earth's  surface ;  elevating  conti- 
nents, including  their  mountains  and  plateaus,  at  the  same  time 

uplifting  the  bed  of  the  intervening  oceans,  thousands  of  feet  above 
their  present  level ;  or  plunging  them  as  deeply  in  the  opposite 
direction. 

Without  denying  that  the  level  of  the  sea  may  have  undergone 
great  fiuctuations  at  intervals  during  past  geological  time,  and  that 
such  changes  may  have  participated,  to  an  extent  far  beyond  what 
physicists  and  hydrographers  are  at  present  disposed  to  admit,  in 
effecting  phenomena  which,  for  convenience  sake,  he  collectively 

ascribes  to  vertical  movements  in  the  earth's  crust, — or,  without 
offering  any  opinion  respecting  the  hypotheses  suggested  by  Babbage, 
Herschel,  and  others,  as  to  the  cause  of  phenomena  of  elevation, — it 
does  not  appear  improbable  to  the  author  that  vertical  movements 
have  by  slow  degrees,  and  during  a  series  of  vast  chronological  terms, 
alternately  elevated  and  depressed  opposite  areas  corresponding  in 
extent  with  a  hemispherical  division  of  the  globe. 
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To  illustrate  this  viev,  let  it  be  assumed  ttat  one  of  our  hemi-. 
spheres,  having  attained  its  maximum  elevation,  is  next  to  undergo 
subsidence.  During  this  elevated  period  the  land  surfaces  of  moderate 
height  would  be  in  what  may  be  termed  Va.Q  first  stage  of  depositional 
action,  viz.,  the  formation  of  subasrial,  fresh-water,  and  estuarine 
deposits  :  in  the  second  stage  they  would  be  under  marine  conditions, 
producing  littoral  and  deepish-water  conglomeratic,  arenaceous,  argil- 

laceous, and  calcareous  beds  :  in  the  third  stage  they  would  be  under 
pelasgic  conditions,  developing  limestones,  argillites,  and  siliceous 

rocks.  [N'ext,  elevation  having  supervened,  t\iQ  fourth  stage  would  be 
a  repetition  of  the  second,  yielding  comparatively  shallow-water 
marine  deposits,  and  terminating  by  passing  into  the  first  stage. 
Thus  would  our  continents,  notwithstanding  their  being  at  present  at 
an  average  height  of  a  few  thousand  feet  above  the  sea-level,  become 
over-laid  by  vast  deposits  of  all  kinds — those  of  any  given  stage  being 
the  equivalent  of  one  of  the  formations,  usually  four,  which  consti- 

tute a  geological  system  of  rocks  (take,  for  example,  the  Carboni- 
ferous System) ;  and,  moreover,  the  whole  agreeing  with  the 

formations  of  a  system  in  their  usual  order  of  superposition. 
A  few  points  must  be  briefly  added.  It  is  not  assumed  that  all 

great  vertical  movements  have  proceeded  in  the  invariable  course,  and 
to  the  extent,  vertical,  or  areal,  as  above  illustrated ;  nor  that  they 
were  unaccompanied  by  minor  ups  and  downs.  The  hemisphere  oppo- 

site to  the  one  given  as  an  illustration  would  be  undergoing  counter 
vertical  movements.  As  to  the  deposits  which  were  thrown  down 
over  the  abysses  of  the  oceans  (Atlantic  and  Pacific)  when  the  conti- 

nents were  under  pelasgic  conditions,  it  is  admitted  they  involve  some 
questions  difficult  to  answer,  whether  considered  in  connexion  with 

Dana's  hypothesis,  or  the  author's. 
Obviously  great  recurrent  climatal  changes  would  result  fi'om 

these  elevations  and  depressions;  severe  glacial  conditions  accompany- 
ing the  one,  and  the  replacement  of  the  latter  by  genial  ameliorations 

consequent  on  the  other. 
The  consideration  of  these  points  gives  rise  to  the  question,  often 

debated  ; — how  has  it  happened  that  after  the  Pliocene  period  climatal 
conditions  prevailed  which  converted  a  great  portion  of  Europe  and 

l^orth  America  (there  are  grounds  for  excepting  IS^orthem  Asia)  into 
ice-covered  regions ;  and  that  during  the  Miocene,  or  probably  some 

portion  of  the  Pliocene  period,  areas  lying  fi'em  10°  to  20°  of  the 
I^orth  Pole,  as  it  appears  to  some  geologists,  have  enjoyed  a  climate 
approaching  in  genialness  that  of  the  south  of  Europe  at  the  present 
day.  The  writer,  rejecting  all  the  hypotheses  that  have  been  offered 
in  explanation  of  these  climatal  interchanges,  maintains  that  they  are 
mainly  due  to  the  afore-mentioned  vertical  movements. 

Confining  himself  to  the  climatal  conditions  which  characterised 
Grinnell  Land,  Spitzbergen,  and  other  Arctic  areas  during  the  Miocene 
period,  as  indicated  by  their  plant- remains,  he  suggests  that  these 
and  adjacent  areas  stood  at  a  somewhat  lower  level  relatively  to  the 
sea  than  at  present;  and  formed  an   archipelago,   freely  permitting 
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currents,  with,  a  temperature  slightly  more  elevated  than  that  of  the 
gulf-stream  where  it  now  strikes  the  west  coast  of  Ireland,  to  bathe 
the  coasts  of  its  islands.  Climatal  amenities  now  prevail  in  Northern 
Scandinavia,  the  Kara  Sea,  and  the  Taimyr  peninsula  of  Asiatic 
Eussia  :  the  last  place,  the  most  northern  continental  land  of  the 
globe,  now  supports  an  exuberant  forest  vegetation  in  a  much  higher 
parallel  than  anywhere  else  within  the  Arctic  circle,  and  only  about 

16°  short  of  the  jS^orth  Pole  :  while  the  fact  is  evidently  due  to  the presence  of  warm  water  carried  by  ocean  currents,  and  by  rivers  (as 
the  Yeneissi)  from  the  south.  jSTorthern  Siberia,  in  direct  communi- 

cation with  southern  lakes  and  ocean  streams,  charged  with  warm 

water,  and. in  the  condition  of  an  archipelago  ; — why  may  not  its  great 
forest  belt  be  extended  up  to  Spitzbergen  and  Franz  Joseph  Land — to 
parallels  corresponding  with  those  in  Grinnell  Land,  which  formerly 
supported  the  growth  of  a  vegetation  approximately  similar  in  some 
respects  to  that  now  characteristic  of  Northern  Italy  and  the  Southern 
States  of  jSTorth  America  ? 

As  to  the  long  winter-night  of  darkness,  and  the  long  summer-day 
of  sunlight,  he  is  satisfied  from  adducible  evidences,  that,  other  things 
being  favourable,  such  conditions  would  rather  favour  than  impede 
vegetable  growth. 

The  memoir  concludes  with  remarks  on  igneous  disturbances.  Ad- 
mitting the  existence  of  a  number  which  may  be  included  in  the 

equatorial  system  of  jointing,  it  is  stated  that  disturbances  of  the  kind 
are  for  the  most  part  limited  to  certain  of  the  meridional  zones  of  weak- 

ness. As  is  well  known,  a  most  important  series  of  volcanoes  charac- 
terises the  west  coasts  of  the  two  Americas,  and  a  similar  series  lies 

oil  the  east  coast  of  Asia;  belonging,  in  the  author's  opinion,  one  to 
the  west-of -north,  and  the  other  to  the  east-of-north  section:  both 
series  become  united  in  Behring  Sea.  Other  writers,  by  connecting 
the  equatorial  series  of  volcanoes  north  of  Australia  with  the 

above  two,  have  constructed  a  "circle  of  fire,"  but,  according  to 
the  present  writer,  with  far  too  limited  a  range.  He  contends  that 
the  two  meridional  series  (by  pursuing  a  direct  course,  so  as  to 

embrace  the  Cocos  Island,  St.  Paul's,  Kerguelan's  Land,  Enderby's 
Land,  thence  curving  to  Trinity  Land,  passing  on  to  the  South 
Shetlands,  and  through  Puejia  into  the  Patagonian  Andes),  form 
but  one — a  great  volcanic  girdle ;  which  may  be  said  to  stretch 
without  interruption  around  the  world,  traversing  the  Arctic  regions 
a  few  degrees  east  of  the  North  Pole,  and  intersecting  the  Antarctic 
circle  at  a  corresponding  distance  west  of  the  South  Pole  ;  thus  divid- 

ing the  crust  of  the  globe  along  its  greatest  zones  of  weakness  into 
two  nearly  equal  halves. 

As  to  reflections  which  may  naturally  arise  in  connexion  with  the 
last  subject,  it  may  be  remarked  that  the  writer  is,  scientifically,  too 
much  of  a  teleoptomist,  too  extravagant  a  timist,  and  too  little  of 
a  catastrophist,  to  entertain  any  involving  serious  or  disquieting  ap- 
prehensions. 
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LIII. — On  some  Anomaiotjs  Stetjcttjees  nsr  Huitan  Anatomy.  By 
J.  F.Knotx,  F.R.C.S.I.,  L.K.Q.C.P.I.,  Demonstrator  of  Anatomy, 
Eoyal  College  of  Surgeons,  Ireland. 

[Read,  December  8,  1879.] 

The  anomalous  structure  to  which  I  have  the  honour  of  calling  the 
attention  of  the  Members  of  the  Royal  Irish  Academy  was  discovered 
in  the  dissecting-room  of  the  School  of  the  Eoyal  College  of  Surgeons. 

I  had  been  assisting  in  the  dissection  of  the  spinal  cord  and  the 
ligaments  of  the  vertebral  column  of  the  subject  on  which  it  was 
found.     Those  of  the  two  upper  vertebrse  were  left  till  the  last,  as  I 

Fig.  1  represents  tlie  parts,  and  gives  a  good  idea  of  the  connexion  of  tlie  ligament 
in  question  with  the  upper  margin  of  the  transverse  ligament — a,  superior 
appendix  of  cruciform ;  h,  upper  part  of  transverse  ligament ;  c,  Hgamentum 
transversale  occipitale. 

had  already  intended  to  examine  them  with  special  attention.  The 
posterior  part  of  the  occipital  bone  had  been  removed  in  the  course  of 
the  dissection,  as  well  as  the  laminae  of  all  the  vertebrae.  The 
posterior  common  ligament  of  the  spine  had  been  examined,  and  its 
prolongation  into  the  cranium  through  the  foramen  magnum  traced 
along  the  upper  surface  of  the  clivus  as  far  as  the  upper  margin  of 
the  dorsum  sellce  and  the  posterior  clinoid  processes.  After  the  removal 
of  this  structure  the  apparatus  ligamentosus  was  defined,  but  no 
peculiarity  was  observed  to  exist  either  in  its  structure  or  attach- 

ments. This  having  been  in  its  turn  taken  away,  and  the  subjacent 
bursa  examined,  I  proceeded  to  define  the  outlines  of  the  crucifonn 
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ligament.  I  now  observed  what  I  at  first  took  for  a  disproportionate 
increase  in  the  depth  of  the  transverse  ligament.  On  examining 
more  carefully,  however,  I  soon  found  that  the  upper  bundle  of 
transverse  fibres,  which  caused  the  apparent  increase  in  depth  of  that 

ligament,  was  attached — not  to  the  lateral  masses  of  the  atlas,  but — to 
either  margin  of  the  foramen  magnum,  and  formed  a  strong,  rounded, 
and  perfectly  separate  ligamentous  cord,  stretching  across  the  foramen 
magnuyn  from  the  posterior  part  of  the  tubercle  for  the  check  liga- 

ment on  one  side  to  the  corresponding  point  on  the  other.  Its  lower 
margin,  which  had  at  first  sight  appeared  to  be  fused  with  the 
transverse  ligament,  was  found  to  be  easily  separated  from  the  latter, 
as  the  adjacent  margins  of  the  two  structures  were  merely  connected 
by  a  little  loose  areolar  tissue.  The  afpendix  superior  ascended  from 
the  upper  margin  of  the  transverse  ligament,  behind  the  other  band, 
to  its  usual  point  of  attachment. 

Fig.  2  gives  a  good  idea  of  its  relation  to  tlie  cheek  ligaments  :  the  latter  were 
exposed  by  division  of  the  other  ligaments  connecting  the  atlas  with  the 
occipital  bone,  and  then  separating  the  two  bones  by  traction— «,  superior 
appendix  of  cmcif orm ;  h,  i:pper  part  of  transverse  ligament ;  c,  ligamentum 
transversale  occipitale. 

When  the  latter  structure  was  forcibly  drawn  upwards  from  the 
upper  margin  of  the  transverse  ligament,  the  apex  of  the  odontoid 
process  was  brought  into  view,  and  the  check  ligaments  were  seen 
proceeding  therefrom,  one  on  either  side,  obliquely  outwards  and 
upwards,  with  a  slight  inclination  forwards  to  their  usual  points  of 
attachment,  which  in  this  case  was  immediately  in  front  of,  and 
indeed  partially  blended  with,  those  of  the  ligament  which  forms  the 
subject  of  the  present  communication. 

Having  never  before  met  with  anything  similar  to  this  liga- 
mentous band,  my  curiosity  was  considerably  excited  by  its  appear- 

ance, and  this  feeling  was  not  diminished  when  I  found,  on  showing 
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the  specimen  to  Professor  Macalister,  that  no  corresponding  structure 
had  been  observed  by  him  before.  He  informed  me  afterwards,  how- 

ever, that  a  ligamentous  band,  having  the  position  and  attachments 
of  the  one  in  question,  was  described  by  Lauth  as  a  normal  structure  in 
human  anatomy.  Lauth  has  given  it  the  name  of  ligamentum  transver- 
sale  occiintis,  and  describes  it  in  the  following  words  : — "  Unmittelbar 
iiber  diesen  Bandern^  fiudet  man  das  Queerband  des  Hinterhauptbeins 
(L.  transversale  occipitis),  welches  von  einer  seite  des  Hinterhaupt- 
loches  an  die  andere  geht,  ohne  sich  an  den  Zahnfortsatzes  zu 

heften." — {Anatomie,  Bd.  i.  s.  101). I  have  since  found  that  it  is  noticed  in  the  French  work  of 

Beaunis  and  Bouchard  under  the  name  of  ̂ '■ligament  transverse  occipital 
de  Lauth^^  (8™*  ed.  p.  133).  These  anatomists  look  upon  it  as  being 
formed  by  the  superior  fibres  of  the  check  ligaments,  passing,  as  they 
describe  it,  without  interruption  from  one  occipital  condyle  to  the  other, 
over  the  summit  of  the  odontoid  process.  Luschka,  in  his  very  perfect 
description  of  the  anatomy  of  this  part,  also  observes  that  it  is  not  un- 

usual for  the  uppermost  bundles  of  fibres  of  the  check  (superior  lateral) 
ligaments  to  interlace  with  one  another  so  as  to  form  an  upper  ligamen- 

tum transversale.  From  his  description,  however,  I  am  not  disposed 
to  think  that  he  ever  saw  it  largely  developed  as  an  independent 
structure.  Henle  (Biinderlehre)  also  describes  an  inconstant  mem- 
branous  band  formed  by  a  few  of  the  fibres  of  the  check  ligaments 
interlacing  with  one  another  in  the  middle  line  behind  the  upper  part 
of  the  odontoid  process,  and  so  stretching  across  from  one  occipital 
condyle  to  the  other;  but  even  he  does  not  mention  any  case  in  which 
it  had  been  seen  to  attain  anything  like  a  considerable  size,  although 
he  quotes  all  the  known  deviations  from  normal  structure  in  this  as 
well  as  in  other  regions  of  the  human  body.  A  slight  allusion  is 
also  made  to  the  interlacement  of  some  of  the  upper  fibres  of  these 

ligaments  in  Qiiain's  Anatomy  (8th  ed.),  but  not  in  such  a  manner  as 
to  lead  the  reader  to  expect  that  a  strong  separate  band  might  be 
found  in  this  situation. 

From  the  evidence  brought  forward,  I  think  myself  justified  in 
describing  the  specimen  before  the  Academy  to-night  as  an  anomalous 
structure,  and  one  of  some  interest,  as  must  all  the  structures  be,  normal 
and  abnormal,  which  enter  into  the  formation  of  the  very  important 
articulations  which  connect  the  vertebral  column  with  the  brain-case, 
and  which,  accordingly,  are  concerned  in  the  preservation  of  the  vital 
structures  which  lie  in  their  immediate  neighbourhood.  I  should, 
however,  have  hesitated  to  bring  it  under  the  notice  of  anatomists  if 
I  had  not  been  encouraged  by  Professor  Macalister;  to  whose  kindness 
and  courtesy  I  am  indebted  for  the  chief  part  of  the  information 
which  I  have  been  able  to  collect  on  the  subject. 

'  i.e.,  Ligamenta  alalia. 
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LIV.   ]^OTE    OK    THE    OCCTJEEENCE    OF    A    PEHilAXILLO-FEONTAL    SuTXTRE 

IN  THE  Skull  of  the  Koala  (Phascolaectos  cineeeus).  By 
H.  W.  Mackintosh,  Professor  of  Zoology,  Trinity  College,  Dublin. 
(With  Plates  X.  to  XIII.) 

[Read,  jSTovember  29,  1879.] 

In  the  collection  of  the  Museum  of  Anatomy  and  Zoology  of  the  Univer- 
sity there  is  a  skeleton  of  the  marsupial  Koala  (Phascolarctos  cinereus, 

Fischer),  the  skull  of  which,  while  normal  in  other  respects,  exhibits 
a  distinct  contact  between  premaxillse  and  frontals,  an  arrangement 
which,  so  far  as  I  can  ascertain,  has  not  yet  been  described.  The 
animal  to  which  the  skeleton  belonged  had  been  obtained  some  years 
ago  by  Professor  Macalister  (to  whose  courtesy  I  owe  the  present 
opportunity  of  describing  the  skull),  who  published  an  account  of  its 
anatomy  in  the  Annals  and  Magazine  of  Natural  History  for  1872, 
Yol.  X.  p.  127. 

In  the  Museum  of  the  Royal  Dublin  Society  there  is  another 
skeleton  of  Koala,  the  skull  of  which  Dr.  Carte,  the  Director  of  the 
Museum,  has  kindly  allowed  me  to  examine;  and  in  it  I  find  also  a 
premaxillo-frontal  suture,  but  it  is  apparent  only  on  the  right  side, 
where  it  is  very  small,  being  less  extensive  than  that  on  the  left  side 
in  the  specimen  here  figured.  In  their  general  features  they  both  agree 
with  the  descriptions  given  in  manuals  and  memoirs,  and  on  com- 

paring them  with  the  drawing  published  by  Owen,^  I  find  that  the 
resemblance  is  sufiiciently  close  in  other  respects. 

In  its  cranial  osteology  the  genus  Phascolarctos  departs,  as  is  well 
known,  from  many  of  the  characters  of  the  Didelphs,  and  suggests 
sundry  resemblances  to  Monodelphian  skulls.  Thus,  for  instance,  the 
zygomatic  arches  are  very  long,  and  run  parallel  to  the  axis  of  the 
cranium,  as  in  no  other  living  marsupial,  and  only  to  a  comparatively 
slight  degree  in  the  fossil  Xototherium.  Then  we  notice  the  large 
tympanic  bullae  (which  have  been  compared  to  those  in  the  pig),  the 
abruptly  truncated  nasal  aperture,  the  rounded  premaxillae,  the 
prominent  paroccipital  processes,  and  the  vertical  supra-occipital,  all 
rodent  characters,  and  each  of  which  connects  the  Koala  with  some 
other  marsupial  genus,  as  I  shall  presently  point  out. 

On  examining  the  anterior  part  of  the  skull  (Plate  X.,  fig.  1),  it 
will  be  seen  that  the  ascending  process  of  the  maxilla  (7),  which,  in  all 
the  other  marsupials  which  I  have  examined,  comes  into  contact  with 
the  nasal  (8)  of  its  own  side,  and  interposes  between  the  premaxilla  (9) 
and  frontal  (4),  is  here  shorter  than  usual,  and  thus  these  two  bones 
come  into  contact  slightly,  but  distinctly,  on  the  right  side,  and  to  a 
much  more  marked  degree  on  the  left.     In  a  skull  of  the  same  animal, 

"  On  the  Fossil  Mammals  of  Australia,"  Fhil.  Trans.,  toI.  clxii.  part  1. 
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in  the  Museum  of  the  Eoyal  Dublin  Society,  the  arrangement  differs 
slightly  from  this,  for  there  the  suture  on  the  right  side  is  present, 
though  much  smaller  than  that  figured  above,  whilst  on  the  left  side 
a  very  small  bar  of  bone,  not  more  than  one-twentieth  of  an  inch  in 
width,  runs  across  from  the  frontal  to  the  maxilla,  and  prevents  the 
contact  of  premaxilla  and  frontal. 

As  there  are  only  the  two  skeletons  of  the  Koala  in  Dublin,  I  cannot 
say  whether  this  suture  is  characteristic  of  the  genus;  but  in  the  drawing 

of  the  skull  published  by  Owen'^  there  is  no  appearance  of  it,  nor  in 
the  various  allusions  to  it  which  I  have  met  with  can  I  find  any  notice 
of  it.  On  the  contrary,  it  is  generally  laid  down  as  a  character  of  the 
marsupials,  that  the  premaxilla  never  quite  reaches  the  frontal,  so 
that  I  am  inclined  to  think  that  its  presence  in  these  two  specimens 
is  due  rather  to  individual  variation. 

As  regards  the  degree  of  extension  of  the  premaxilla  on  the  upper 
surface  of  the  skull,  there  is  a  good  deal  of  difference  amongst 
Didelphs,  as  may  be  seen  by  the  figures  which  I  have  drawn  from 
specimens  in  the  Museum  of  Anatomy  and  Zoology.  Thus  Phas- 
colomys  fossor  (Plate  XIII.,  fig.  8)  has  the  largest  premaxilla,^  which 
exceeds  that  in  P.  latifrons,  Owen  (Plate  XI.,  fig.  4).  Xext  in  order 
would  seem  to  come  Phalangista  vidpina,  Desm.  (Plate  XIII. ,  fig.  9), 
where  the  premaxilla  is  of  a  massive  character,  like  that  of  Phascolo- 
mys ;  then  would  come  Sahnaturus  ualahatus,  Less.  (Plate  XII.,  fig.  6), 
and  its  ally  Macrojms  gigantea,  Shaw  (Plate  XII.,  fig.  5),  which 
scarcely,  if  at  all,  proportionally,  exceeds  Sarcophilus  ursinus,  Geoff. 
(Plate  XIII.,  fig.  10) ;  and  finally,  there  is  Didelpkys  ccmcrivora, 
Gomel  (Plate  XII.,  fig.  7),  in  which  there  is  about  the  smallest  extent 
of  premaxilla,  at  least  in  the  series  which  I  have  examined.  There  is, 
however,  in  the  Museum  a  skeleton  of  Petaurus  ariel,  Gould,  in  which 
the  premaxilla  seems  to  reach  very  nearly,  if  not  quite,  up  to  the 
frontal;  but  the  ossification  of  the  skull  has  been  so  complete  that  the 
sutures  are  almost  entirely  obliterated,  and  I  have  not  been  able,  in 
spite  of  careful  examination,  entirely  to  satisfy  myself  of  their  contact. 

In  comparing  the  skull  of  the  Koala  with  those  of  other  marsupial 
genera,  we  may  notice  that,  while  possessing  strongly  marked 
characters  of  its  own,  it  presents  many  features  which  are  repeated 
in  the  other  forms.  Thus  we  notice  the  parallel  zygomata,  as  in 
Nototherium  ;  the  large  tympanic  buUte,  like  those  of  Petaurus  ;  the 
large  par-occipital  processes,  which  resemble  those  in  the  Kangaroo, 
to  which  there  is  a  further  likeness  in  the  rounded  premaxillse ;  the 

vertically  placed  supra-occipital,  as  in  Phascolomys,  and  the  truncated 
nasals  resembling  those  in  Sarcophilus. 

A  premaxillo-frontal  suture  does  not  appear  to  be  common 
amongst  mammals,  nor,  indeed,   amongst  vertebrates.      It  is  to  be 

-  "On  the  Fossil  Mammals  of  Australia,"  Fhil.  Trans.,  vol.  clxii.  part  1. 
*  Owen  says  that  Phascolomys  has  the  largest  premaxilla,  but  he  seems  not  to 

have  met  with  a  Koala  with  a  premaxillo-frontal  suture. 
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found,  so  far  as  I  know,  generally  in  Cetaceans,  in  the  elephant, 
and,  as  a  rule,  in  Rodents,  the  hares  being  a  frequent  exception.  I 
have  observed  a  very  small,  but  distinct,  suture  on  both  sides  of  the 
skull  in  the  hedgehog,  but  it  does  not  exist  in  the  specimens  of 
Centetes  and  Myogale,  which  are  the  only  other  genera  of  Insectivora, 
the  skulls  of  which  are  in  the  Museum.  In  all  the  other  classes  of 

mammalia  the  premaxillse  are  either  small,  or  even  when  of  con- 
siderable extent  are  prevented  from  reaching  the  frontals  by  the 

greater  development  of  either  nasals  or  maxillae. 

DESCRIPTION  OF  THE  PLATES. 

The  following  references  are  adopted  throughout : 

1.  Supra- occipital. 
2.  Parietal. 

3.  Squamosal. 
4.  Frontal. 
5.  Jugal. 

6.  Lachrj-mal. 7.  Maxilla. 
8.  Nasal. 
9.  Premaxilla. 

10.  Tooth. 

PLATE  X. 

Fig.  1. — Skull  of  Koalti  seen  from  above,  showing  the  premaxillo-frontal  suture 
weU  marked  on  the  left  side,  and  its  extension  on  the  right. 

PLATE  XI. 

Fig.  2. — Anterior  part  of  same  skull,  right  side. 
Fig.  3. — Anterior  part,  left  side. 

These  figures  are  slightly  enlarged,  and  are  introduced  to  show  the 
relations  of  the  premaxiUse  and  frontals,  without  the  fore-shortening, 
incident  to  a  top  view. 

Fig.  4. — Anterior  part  of  skuU  of  Fhascolomys  latifrons  seen  from  above. 

PLATE  XII. 

Fig.  5, — Anterior  part  of  skull  of  Macropus  gigantea  seen  from  above. 
Fig.  6. — Anterior  part  of  skull  of  Halmaturus  ualahatus  seen  from  above. 
Fig.  7. — Anterior  part  of  skull  of  Didelphys  cancrivora  seen  from  above. 

PLATE  XIII. 

Fig.  8. ̂ -Anterior  part  of  skull  of  Fhascolomys  fossor  seen  from  above. 
Fig.  9. — Anterior  part  of  skull  of  Phalangista  vulpina  seen  from  above. 
Fig.  10. — Anterior  part  of  skull  of  Sarcophilus  ursinus  seen  from  above. 

The  figures  from  Plate  XL,  fig.  4,  to  Plate  XIII. ,  fig.  10,  are  intended  to  sliow 
the  extension  upwards  of  the  premaxilla  towards  the  frontal  in  the  diiferent 
genera  and  species  which  I  have  been  able  to  examine.  All  the  figures  are  natural 
size,  except  figs.  2  and  3,  which  are  slightly  enlarged. 
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LV. — EuKiTEs,   OR  Basic  Felstoiies  of  Silitrian  Age.      By  G.  H. 
EjNAHAj^  AIS-D  GEPaiAED  A.  KlKAHAN. 

[Eead,  April  26,  1880.] 

Ix  the  Irish  Sihirians,  that  is,  including  under  this  name  both  the 
rocks  containing  the  typical  Silurian  fossils,  and  also  those  commonly 

called  Lower  Old  Red  Sandstone  (the  "  Glengariii  grits,"  and  "Dingle 
heds  "  of  Jukes),  there  are  felstones  Tvhich  seem  to  he  typical  of  the 
formation.  They  are  basic,  the  "Eurites"  of  Daubuisson  (fromewreo, 
to  flow  easily,  on  account  of  the  facility  with  which  they  melt  before 

the  blow-pipe),  and  belong  to  the  "Hybrid  rocks"  of  Durocher. 
The  geological  position  of  the  Silurian  eurites  is  fully  given  in  the 
Report  on  the  Rocks  of  the  Ballaghaderreen  and  Pintona  districts. 

In  Munster,  the  granitic  roots  of  these  rocks  have  not  been  ob- 
served, although  in  places  in  the  intrusive  portions  they  partake  more 

or  less  of  elvan  characters,  as  they  contain  free  quartz ;  in  Galway, 
however,  they  can  be  traced  down  into  a  true  granite,  and  in 

IS".  E.  Mayo  into  elvan ;  while  in  Tyrone  there  are  granites  and  elvans which  are  evidently  the  granitic  roots  of  the  interbedded  eurites. 

"WTiat  may  be  an  important  character  in  these  rocks  is  the  presence  of carbonates  of  iron  and  lime  ;  sometimes  abundantly.  In  this  Report, 
it  is  proposed  to  describe  some  of  the  euritic  rocks  of  Kerry,  I^.  W. 

Galway,  and  S.  "W.  llayo. 
We  are  indebted  for  valuable  aid  to  Professor  O'Reilly,  M.R.I. A., 

of  the  Royal  College  of  Science,  who  allowed  us  the  use  of  his  well- 
arranged  mineralogical  laboratory  and  his  microscopes,  besides  free 
access  to  his  excellent  type  collections  of  rocks,  minerals,  and  micro- 

scopic slides. 
During  our  examination  we  have  consulted  several  works  on  the 

microscopical  study  of  rocks,  especially  those  of  E.  Rutley,  on  The 
Study  of  Rocks  ;  F.  Zirkel,  Microscopic  Fetroyra])hy  ;  and  F.  Fouque, 

Santorin  et  ses  e?'iiptions. 

Paut  I. — Rocks  of  Kerry,  N.JF.  Galway,  and  8.W.  Mayo. 

In  the  counties  Kerry  and  Cork,  south  of  a  line  drawn  east  and 
west  along  Dingle  Bay,  the  Silurian  rocks  are  of  the  type  called  by 

Jukes  "  Glengariff  grits."  In  these  rocks  there  are  masses  of  eruptive 
rocks  appearing  in  the  vicinity  of  Valentia  harbour,  and  southward  of 
Killarney,  in  the  neighbourhood  of  Lough  Guitane,  between  Man- 
gerton  and  Glenflesk. 

In  the  vicinity  of  Yalentia  harbour  the  majority  of  the  eruptive 
rocks  are  so  basic  that  they  must  be  classed  as  either  gabbros  or 
dolerites ;  but  those  near  Lough  Guitane  are  eurites  of  Daubuisson, 
and  belong  to  the  typical  basic  felstones  of  the  Irish  Silurians. 
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From  the  latter  area  two  specimens  are  exhibited  ;  both  show  the 
gradual  merging  of  the  rock  into  elvan,  as  they  contain  free  quartz. 
This,  however,  might  be  expected,  as  one  of  the  specimens  is  from  the 
intrusive  mass,  while  the  other  is  from  the  vicinity  of  it. 

That  from  Lough  Guitaue,  near  Eallarney,  is  a  specimen  of  a 

dark-green  feldspathic  rock ;  it  has  a  specific  gravity  of  2-63,  The 
macroscopic  examination  of  it  shows  it  to  consist  of  a  finely  granular 
ground-mass  or  matrix,  scattered  through  which  are  small  crystals  of 
feldspar,  some  of  which  appear  to  be  orthoclase,  while  others  are 
triclinic ;  some  have  striae  on  the  basal  section,  some  are  of  an  opaque 
white,  with  bluish  tinge ;  there  are  also  crystals  and  blebs  of  quartz. 
On  looking  through  a  thin  section  of  this  rock,  a  structure  appears  in. 
the  ground-mass  which  might  be  described  as  a  banding,  being  a 
series  of  alternate  semi-opaque  and  more  pellucid  parallel  bands.  The 
feldspar  is  cloudy,  the  quartz  clear. 

Microscopically ,  the  ground-mass  of  this  rock  consists  of  a  crypto- 
crystalline  base,  with  numerous  crystallites  of  feldspar  (both  ortho- 
clase  and  triclinic)  quartz,  small  fragments  apparently  of  hornblende ; 
in  some  places  long  acicular  crystallites  or  crystalloids,  sometimes 
grouped  radially,  which  are  clear  and  pellucid.  A  chloritic  mineral 
(viridite),  and  a  dusty-looking  opaque  granular  mineral  (opacite)  occur 
plentifully,  ferrite  sparingly.  In  a  few  places  aggregate  polarization 
occurs,  consisting  of  a  clear,  circular  portion  with  a  dark  cross, 
which  rotates  on  rotating  the  polarizer,  but  remains  stationary  on 
rotating  the  slide.  The  banding  noticed  in  the  macroscopical  exami- 

nation seems,  with  polarized  light  and  under  a  power  of  one  hundred 
diameters,  to  be  due  to  a  difference  in  the  degree  of  crystallization, 
the  more  largely  crystalline  bands  being  the  more  pellucid.  In  this 
ground-mass  are  developed  the  macroscopical  crystals  of  feldspar  and 
quartz.  The  feldspars,  as  already  mentioned,  are  both  orthoclase  and 

triclinic  ;  some  of  them  being  very  peculiar,  showing  a  remai'kable 
banding  or  interlamination  under  polarized  light.  Under  ordinary 
light  they  appear  rather  clouded,  from  containing  opacite  ;  some  of 
them  are  imperfect,  and  seem  to  have  been  broken  subsequently  to 
their  formation,  some  of  the  ground-mass  having  evidently  intruded 
between  the  fractured  portions.  The  bright  little  specks  occurring  in 
these  feldspars  under  polarized  light  are  found,  when  examined 
under  a  higher  power  (300  diameters),  to  be  little  iridescent 
patches,  and  are  probably  thin  films  of  calcite.  On  applying  hydro- 

chloric acid  to  the  specimen,  a  slight  effervescence  takes  place,  about 
and  along  certain  Hues  in  the  feldspars,  and  at  little  specks  through 
the  ground-mass,  indicating,  probably,  films  and  specks  of  calcite. 
Large  quartz  crystals  are  not  well  represented  in  the  slide ;  generally 
the  quartz  is  in  small,  rounded  patches,  though  in  some  cases  in  well- 
crystallized  forms ;  all  are  clear.  Some  of  the  larger  pieces  contain 
stone  enclosures. 

The  specimen  from  Binaunmore,  Co.  Kerry,  is  that  of  a  compact, 

olive-green  rock,  having  a  specific    gravity  of    2'63.     The    ground- 
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mass  or  matrix  shows  a  minutely  granular  texture  ;  in  it  are  enclosed 
small  rounded  blebs  of  quartz,  with  crystals  (some  twins  of  the 
Carlsbad  type)  of  orthoclase  and  of  triclinic  feldspars ;  some  of  the 
latter  are  like  labradorite.  In  thin  sections  the  feldspars  are 
generally  of  an  opaque  white,  and  are  apparently  much  altered. 
There  are  also  small  fragments  of  a  greenish  mineral,  having  their 
longer  axes  lying  in  one  general  direction,  giving  the  slide  a  foliated 
appearance.  In  the  specimen  a  few  crystals  of  a  green  earthy 
mineral  are  visible,  probably  an  altered  hornblende. 

Microscopically ,  the  ground-mass  of  this  rock  is  cryptocrystalline  ; 
that  is,  though  evidently  crystalline,  the  component  minerals  are 
not  recognisable.  Scattered  plentifully  through  it  is  a  fine  opaque 
dusty-looking  mineral  (opacite),  and  a  green  chloritic  mineral 
(viiidite),  which,  together,  give  the  slice  a  banded  or  fluidal  struc- 

ture, circling  round  and  tailing  out  behind  the  larger  ciystals. 
Scattered  through  the  ground-mass  are  the  macroscopic  crystals  of 
feldspar,  which,  in  general,  have  not  sharply-defined  angles.  In 
many  cases,  under  ordinary  light,  they  have  very  much  the  same 
structure  as  the  surrounding  matrix,  being  scarcely  distinguishable 
from  it,  except  on  account  of  a  clearer  margin  along  the  boundary, 
while  in  other  cases  they  are  more  impellucid  than  the  matrix ; 
but  under  polarized  light  they  are  plainly  discernible ;  as  under 
crossed  jSTicols  the  matrix  presents  a  speckled  grey  appearance, 
while  the  feldspars  are  either  of  a  uniform  light  tint,  or  else 
exhibit  the  banded  structure,  with  iridescent  specks,  as  detailed 
in  the  description  of  the  Lough  Guitane  rock.  The  quartz  is  clear, 
but  contains  bays  and  enclosures   of  the  matrix  (stone  enclosures). 

At  Clogher  Head,  Dingle  Promontory,  the  eurites  appear  to  be  inter- 
stratified  with  rocks  containing  typical  Silurian  fossils.  The  specimen 
taken  thence  is  a  pink-brown-coloured  eurite,  having  a  specific 
gravity  of  2-71.  The  ground-mass  is  a  pink-brown  feldspartic  matrix, 
through  which  are  scattered  small  crystals  of  orthoclase  (some  Carls- 

bad twins),  and  triclinic  feldspar  (probably  both  labradorite  and 
oligoclase).  These  ciystals  are  mostly  long  and  slender;  but  some 
are  broken,  apparently  along  a  twin  plane,  and  the  ground-mass  is 
forced  in  between  the  fi'actured  portions.  In  thin  sections  there  is  a 
banded  appearance  in  the  slice,  some  of  these  bands  being  more 
impellucid  than  the  rest ;  they  lie  in  one  general  direction.  On 
treating  the  specimen  with  hydrochloric  acid,  effervescence  takes 
place  around  some  of  the  triclinic  feldspars,  also  along  lines  or  cracks, 
and  at  little  specks  through  the  ground-mass. 

Microscopically ,  the  ground-mass  is  composed  of  a  microf  elsitic  base, 
containing  small  crystalline  particles  of  quartz,  feldspar,  viridite, 

and  opacite,  exhibiting  a  slight  fluidal  structm-e.  Thi-ough  this 
microfelsitie  base  are  bands  having  a  microcrystalline  structure,  com- 

posed of  quartz  and  feldspar ;  and  through  this  ground-mass  are 
developed  porphyritically  crystals  of  orthoclase  feldspars,  more  or  less 
clouded,  with  twinning,  some  being  broken.     There  arc  also  feldspars 
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exhibiting  the  inteiiamellar  structure  described  in  the  previous  rocks. 
Most  of  the  crystals  contain  numerous  enclosures,  some  of  which  are 
recognizable  as  chlorite  and  opacite.  Alteration  appears  to  have 
taken  place  extensively  through  the  mass  ;  secondary  products,  some 
of  which  appear  to  be  calcite,  occur,  filling  up  the  interstices. 

At  Loughnafooey  and  the  adjoining  country,  both  in  Galway  and  in 
Mayo,  are  large  tracts  of  eurites  and  their  associated  tuffs,  partly  in- 

trusive, but  generally  interbedded.  The  specimen  examined  is  from 

one  of  the  intrusive  portions,  and  has  a  specific  gravity  of  2*62. 
The  ground-mass  or  matrix  of  this  rock  is  very  slightly  granular,  and 
through  it  are  scattered  fragments  of  quartz,  as  also  rounded  portions 
of  a  waxy-looking  feldspar,  probably  triclinic ;  in  some  of  these  an 
effervescence  takes  place,  when  the  specimen  is  treated  with  hydro- 

chloric acid,  probably  due  to  films  of  calcite  in  cracks  through  the 
minerals.  Small  earthy  portions,  having  the  form  of  orthoclase, 
occur  through  the  mass,  as  also  fragments  of  a  dark-green  mineral. 

Mieroscopically,  the  ground-mass  is  cryptocrystalKne,  and  through  it 
occur  fragments  and  crystals  of  quartz,  feldspar,  and  microlithic  por- 

tions of  hornblende.  Ferrite  is  sparingly  represented ;  opacite  occurs 
plentifully,  particularly  round  the  edges  of  the  quartz.  The  feld- 

spars are,  for  the  most  part,  more  or  less  decomposed,  but  triclinic 
twin  structure  is  still  apparent  in  many ;  in  others  there  is  left  but 
an  outer  shell,  the  whole  interior  being  replaced  by  an  earthy,  almost 
impellucid,  substance.  In  places  there  are  fragments  of  calcite  ;  in 
one  case,  a  fragment  of  what  was  apparently  once  feldspar  is  now 
represented  by  calcite.  Apatite  is  recognizable  in  long  acicular  crys- 

tals in  some  of  the  more  pellucid  feldspars.  Some  of  the  feldspars 
show  the  interlamellar  structure  before  described.  The  fragments  of 
quartz  are  clear,  and  contain  some  large  stone  enclosures  and  glass 
cavities. 

In  the  Silurians  north  of  Killary  Harbour,  at  Bundorragha,  and 
to  the  west  and  east  thereof,  there  are  thick  interbedded  masses  of 
eurites,  from  one  of  which  the  specimen  now  to  be  described  was 

taken,  the  rock  having  a  specific  gravity  of  2-66.  There  are  some  re- 
markable differences  between  this  rock  and  that  next  to  be  mentioned ; 

as,  although  both  are  from  the  same  neighbourhood,  there  is  in  the 
latter  a  considerable  quantity  of  carbonate  of  iron,  although  at  the 

same  time  its  specific  gravity  (2-60)  seems  to  be  lower.  The 
ground-mass  is  a  dense  purple-brown  matrix,  having  a  sKghtly 
resinous  lustre,  through  which  are  scattered  crystalline  particles, 
which,  though  tolerably  abundant,  are  relatively  small,  and  consist  of 
quartz  and  feldspar,  the  latter  mostly  having  a  pearly  lustre  ;  some 
present  a  structure  that  is  very  like  that  of  labradorite.  In  thin 
sections  the  ground-mass  appears  brown  and  fine-grained ;  and  scat- 

tered through  it  are  some  comparatively  large  crystals  and  patches  of 
quartz,  containing  stone  enclosures,  as  also  numerous  small  patches 
of  clouded  feldspar. 

MicroscoincaUy ,  the  ground-mass  might  be  described  as   a   micro- 
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felsitic  base,  with  numerous  minute  microcrystalline  particles  scat- 
tered through  it.  Through  this  matrix  are  scattered  crystals  and 

fragments  of  feldspar,  both  orthoclase  and  triclinic  ;  the  latter  being 
the  more  abundant,  though  the  fragments  are,  as  a  rule,  smaller  than 
those  of  orthoclase.  Many  of  the  fragments  are  clouded,  some  greatly 
altered,  so  that  it  is  difficult  to  say  whether  they  are  orthoclase  or 
triclinic  ;  in  a  few  cases,  both  varieties  appear  to  occur  in  the  same 
particle.  The  interlamellar  structure  before  described  is  to  be  ob- 

served in  some.  The  quartz  crystals  contain  stone  enclosures,  while 
chlorite  and  opacite  occur  in  the  ground-mass ;  the  former  were  also 
observed  in  some  of  the  quartz  crystals.  Through  the  ground-mass 
there  are  portions  that  seem  to  have  been  geodes ;  on  the  sides  of 
these  are  microcrystalline  particles  of  feldspar  and  quartz ;  the  inter- 

stices have  since  been  filled  with  some  secondary  product. 
Another  specimen,  from  the  bedded  masses  near  Bundorragha, 

has  a  specific  gravity  of  2-60.  It  consists  of  a  brown  felsitic  ground- 
mass,  having  a  finely-granular  texture,  through  which  are  scattered 
blebs  of  quartz,  and  also  crystals  of  feldspar  having  a  pearly  lustre, 
with  patches  of  a  brownish  mineral  (carbonate  of  iron)  which  effer- 

vesces copiously  on  the  application  of  hydrochloric  acid ;  effervescence 
also  takes  place  in  minute  specks  through  the  ground-mass,  particu- 

larly at  some  little  green  patches,  as  if  carbonate  of  iron  were  very 
prevalent  in  the  rock.  The  slide  shows  the  ground-mass  to  be  com- 

posed of  a  compact  brown  matrix,  through  which  are  numerous 
minute  fragments  of  a  fibrous-looking  mineral,  a  few  large  fragments 
of  quartz,  a  clear  feldspar  with  numerous  irregular  lines  through  it, 
also  a  clouded  feldspar,  and  a  brown  mineral  (iron).  There  are  also 
minute  cavities  round  which  are  incrustations. 

Microscopically,  the  specimen  consists  of  a  cryptocrystalline  matrix, 
alteration-products  occurring  plentifully  ;  few  recognizable  minerals 
occur ;  but  there  is  a  cloudy  altered  feldspar,  which  appears  to  be 
orthoclasic,  and  also  a  clear,  homogeneous,  triclinic  feldspar  with 
numerous  irregular  lines  passing  through  it,  along  which  alteration 
has  taken  place ;  quartz  is  present  in  small  quantities,  and  scales  of 
iron  carbonate. 
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LYI. — Supposed  Upper  Cambrian  Eocks  in  the  Cotjnties  of  Tyrone 
AND  Mayo.     By  G.  H.  Kinahan,  M.R.I. A.,  &c. 

[Eead,  December  8,  1879.] 

During  the  examination  of  tlie  Fintona  and  Curlew  Mountain  districts, 
for  the  purpose  of  preparing  the  Report  to  the  Academy  thereon,  the 
wild  hilly  tract  of  metamorphosed  rocks  extending  from  a  little  south 
of  Cookstown  westward  towards  Omagh  was  explored.  In  this  area 
some  of  the  more  notable  hills  are  Craigballyharky,  Craigardhessiagh, 
Grarragrim,  Creggaunconroe,  Carrickmore,  &c.  Reasons  will  now  he 
given  for  believing  that  the  metamorphic  rocks  of  this  district  are  of 
Cambrian  age. 

Let  us  first  consider  their  stratigraphical  position.  This  will  be 
best  determined,  if  it  can  be  determined,  by  their  apparent  relations 
with  the  fossiliferous  rocks  of  the  small  district  at  Pomeroy,  which, 
from  their  fossils,  are  generally  regarded,  and  with  good  reason,  as 
Cambro-Silurian ;  though  this  cannot  be  said  to  be  absolutely  proved 
(they  may  well  be  of  similar  age  to  the  English  Caradoc).  The 
principal  points  in  favour  of  this  conclusion  are  their  similarity  to  the 
fossiliferous  rocks  which,  at  Lisbellaw,  in  the  Co.  Fermanagh,  are 
undoubtedly  covered  unconformably  by  the  red  arenaceous  Silurian 
rocks  (Dingle  grits).  Moreover,  in  the  low  country  a  little  north  of 
Creggaunconroe,  the  numerous  large  angular  blocks  of  the  arenaceous 
red  Silurian  rocks  seem  to  be  nearly  m  situ,  which  would  suggest  that 
an  outlier  of  these  rocks  rests  directly  on  the  metamorphic  rocks. 
It  has  been  suggested  that  these  blocks  have  been  carried  northward 
to  their  present  site  by  ice ;  but  the  weight  of  evidence  seems  to  be 
against  such  a  supposition.  First,  the  shapes  of  the  bosses  of  rock  in 
the  hills  northward  of  Pomeroy  seem  to  indicate  that  the  ice  was  going 
southward ;  secondly,  the  drift  of  the  country  south  of  these  hills  is 
largely  made  up  of  the  debris  of  these  rocks ;  and  thirdly,  no  large 
blocks  of  these  arenaceous  red  Silurian  rocks  are  found  in  the  country 
between  this  assemblage  of  blocks  and  what  are  evidently  their  parent 
rocks  near  Pomeroy.  This,  however,  although  suggestive,  is  not  of 
great  weight;  for  if  the  ancient  metamorphic  rocks  were  hills  in  the 
Silurian  sea,  arenaceous  deposits  may  have  accumulated  on  one  side, 
and  argillaceous  on  the  other.  The  age  of  these  Pomeroy  fossiliferous 
rocks  is  a  subject  that  I  hope  to  enter  into  more  fully  at  a  future 
time. 

These  altered  eruptive  and  sedimentary  rocks  are  undoubtedly  of 
much  greater  age  than  the  overlying  fossiliferous  Pomeroy  rocks ;  as 
they  were  contorted,  ruptured,  upheaved,  metamorphosed,  and  de- 

nuded prior  to  the  latter  accumulating  on  and  against  them.     If  the 
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Cambro-Silurian  age  of  the  Pomeroy  fossiliferous  rocks  is  conceded,  it 
simplifies  the  matter;  as  the  rocks  in  the  hills  to  the  north  and  north- 

west are  much  older,  and  must,  therefore,  belong  either  to  the 
Cambrian  or  an  older  formation.  To  the  northward  and  north- 

westward sides  of  the  altered  eruptive  rocks  of  the  hills  there  is  a 
considerable  thickness  of  apparently  overlying  schists,  generally  sup- 

posed to  be  metamorphosed  Cambro-Silurian. 
The  conclusions  I  have  drawn  fi'om  the  apparent  stratigraphical 

position  of  the  rocks  now  under  consideration  seem  to  be  strongly 
confirmed  by  the  petrological  characters  of  the  eruptive  rocks  associ- 

ated with  them. 

In  Craigballyharky  and  its  neighbourhood  the  rocks  are  princi- 
pally varieties  of  hornblende  rock,  that  is,  basic  eruptive  rocks  and 

tufiPs,  which  have  been  changed  by  metamorphic  action.  These,  as  is 
usually  the  case,  are  very  variable  in  composition ;  as,  however,  they 
are  more  or  less  similar  to  the  different  varieties  of  hornblende  rock  in 

TVest  Galway,  elsewhere  described,^  it  is  unnecessary  to  re-describe 
them  here.  Traversing  and  breaking  up  through  these  rocks,  especi- 

ally in  Craigballyharky,  are  veins  of  Galway  granite  of  the  "  Omey 
type,"  and  a  black  granite  very  like  one  found  near  Furbogh  and 
in  other  places  in  Vest  Galway,  except  that  in  the  Co.  Galway 
amphibole  and  titanite  are  not  uncommon  in  it,  while  in.  the  Co. 
Tyrone  they  seem  to  be  rare. 

In  the  neighbouring  hills  (Craigardhessiagh  and  Garragrim)  the 

rocks,  for  the  most  part,  belong  to  an  intrusion  of  the  "  Omey  type" 
granite.  They  are,  however,  more  or  less  cut  up  and  traversed  by 
dykes  and  courses  of  a  very  siliceous  compact  granite,  common  as  a 
vein  rock  in  Galway,  and  similar  to  the  rock  called  granitite  by  Eose. 

The  mass  of  the  granite  in  this  hill  has  been  called  "  Syenitic 
granite,"  by  which,  I  suppose,  hornblendic  granite  is  intended.  The 
rock,  however,  seems  scarcely  to  come  under  this  classification,  as  its 
essential  constituents  are  quartz,  two,  and  in  places  three,  feldspars, 
black  and  white  micas,  the  first  predominating  ;  pyrite,  and  in  places 
amphibole  :  the  last,  however,  seems  to  be  more  an  accessory  mineral 
than  an  essential.  In  every  respect  this  rock  agrees  with  that 

described  in  the  Memoirs  of  the  Geological  Survey  as  the  "Omey  type" 
of  the  Galway  gi-anite. 

In  the  western  part  of  the  district  now  described,  the  rocks  are 
principally  varieties  of  hornblende  rock  very  similar  to  those  found  in 
Errisbeg,  Errismore,  and  other  places  in  West  Galway ;  while  here,  as 
there,  some  of  the  rocks  are  changed  by  methylotic  action  into 

ophite,  steatite,  and  allied  rocks.  These  rocks  in  "West  Galway  are 
found  in  the  uppermost  portion  of  the  "  Great  Micalite  series,"  which. 

1  "  Granitic  and  other  Ingenite  Rocks  of  Tar  Connaught  and  the  Lower  Owle," 
Proceedings  R.  I.  A.,  2nd  ser.,  vol.  ii.,  p.  102,  et  seq. 
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I  think,  are  probably  equivalents  of  part  of  the  "  Arenig  group"  of 
Wales,  put  by  some  geologists  among  the  Cambrians. 

These  two  lines  of  evidence,  stratigraphical  and  petrological, 
point  to  the  same  conclusion,  that  these  Tyrone  rocks  now  in  question 
are  of  Cambrian  age. 

It  may  here  be  mentioned  incidentally,  that  breaking  up  through 
these  metamorphic  eruptive  and  sedimentary  rocks  are  masses  of  a  much 
more  recent  granite,  or  elvan,  similar  to  the  pre-Carboniferous  granite 
rocks  at  Carndaisy,  Co.  Derry,  and  more  or  less  like  the  granite  and 
elvan  of  Lugnanoon,  Co.  Galway.  As  this  granite,  in  the  intrusion 
near  Mullanmore  Bridge  (north  of  Carrickmore,  or  Termon  Rock), 
graduates  into  elvan,  and  the  latter  into  a  quartzitic  eurite,  closely 
allied  in  composition  to  the  eurites  which,  south  of  Pomeroy  and 
elsewhere,  are  interstratified  with  the  arenaceous  red  Silurian  rocks, 

we  have  a  right  to  suppose  that  here,  as  in  "West  Gralway,  and  South- west Mayo,  these  granites  and  elvans  are  the  granitic  roots  of  the 
Silurian  bedded  eruptive  rocks. 

The  second  tract  to  which  I  would  direct  attention  is  in  I^orth- 

east  Mayo,  southward  of  Charlestown,  and  westward  of  Ballaghader- 
reen.  The  rocks  of  that  area  were  classed  by  Griffith,  and  subsequently 
by  Jukes,  as  ancient  metamorphic  rocks ;  but  more  recently  they  have 

been  called  "  Felstones"  and  "  Upper  Silurian." 
Mapping  some  of  these  rocks  as  felstones  is  so  far  correct,  that 

the  rocks  so  called  are  granulites,  or  leptynites  (metamorphic  fel- 
stone),  rocks  which  many  petrologists  include  among  the  felstones  ;^ 
but  mapping  any  of  them  as  "  Upper  Silurian"  must  be  incorrect,  as 
it  is  evident  that  these  metamorphic  rocks  were  ruptured,  upturned, 
metamorphosed,  and  denuded  prior  to  the  still  unaltered  Silurian 
rocks  being  deposited  on  them.  In  the  conglomeritic  Silurian  rocks 
of  Cranmore  and  elsewhere  fragments  of  these  metamorphic  rocks  are 
conspicuous. 

These  metamorphic  rocks  in  the  country  southward  of  Charles- 
town  are  in  many  respects  very  like  those  in  the  Tyrone  hills  to  the 
north  of  Pomeroy ;  but  we  cannot  speak  of  them  so  confidently, 
because — 

First,  only  a  small  tract  is  exposed,  which  at  one  side  is  overlaid 
unconformably  by  Silurian  rocks,  and  on  the  other  by  Carboniferous ; 
therefore,  although  we  are  aware  that  they  must  be  older  than  the 
Silurian,  yet  we  cannot  positively  prove  that  they  do  not  belong  to 
the  Cambro-Silurian. 

Secondly,  in  many  respects  they  are  more  or  less  similar  to  some  of 

the  rocks  of  the  Doolough  and  Lettermullen  series  (S.  "W.  Mayo  and 
"West  Galway),  in  which  are  fossils  pronounced  to  be  Cambro- Silurian. 

*  Rutley  says  that  graniilite,  or  leptjnaite,  has  the  same  relation  to  felstone  as 
gneiss  has  to  granite. 

R.  I.  A.  I'EOC,  SEK.  II,,  VOL.  III. — SCIENCE.  2  D 
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What  I,  therefore,  now  put  forward  in  respect  to  the  Cambrian 
age  of  the  rocks  now  in  question  is  only  conjectural.  It  would 
appear  to  me  that  they  are  a  portion  of  the  rocks  which  occur  in  the 
hills  called  Benbo  and  Slieveslish,  south  and  eastward  of  Lough  Gill, 
Co.  Sligo.  These  latter  rocks  are  very  similar  to  some  of  the  lower 
rocks  in  the  West  Galway  section  ;  rocks  which,  us  shown  in  former 
Papers  read  before  the  Academy  and  elsewhere,  are  probably  Upper 
Cambrians  below  the  passage  beds  between  the  Cambrian  and  Cambro- 
8ilurian  formations. 
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LYII.  —  On  the  Osteology  op  two  N^egeoes.  By  Alexan^der 
Macalistee,  M.  D.,  Professor  of  Anatomy  and  CMrurgery,  Uni- 

versity of  Dublin. 

[Eead,  November  30,  1880.] 

Two  well-grown  male  adult  JN'egroes  were  received,  in  the  ordinary 
course  of  subject-supply,  in  tbe  Dissecting  Rooms  of  the  University, 
and,  as  in  this  country  the  opportunities  of  such  dissections  are  rare, 
I  put  their  bodies  into  the  hands  of  the  most  careful  and  senior  of 
our  students,  who,  under  my  constant  personal  superintendence,  made 
very  thorough  examinations  of  all  the  systems  of  their  bodies. 

In  this  and  the  following  short  records  I  have  summarized  the 
results  of  the  notes  made  by  these  gentlemen. 

It  is  rather  remarkable  that  while  in  the  ordinary  course  of  things 
it  might  be  expected  that  Negroes  would  form  a  large  proportion  of 
the  subjects  dissected  in  America,  yet  the  anatomists  of  that  country 
have  not  given  to  us,  in  anything  like  an  exhaustive  manner,  a  record 
of  the  presence  or  absence  of  peculiarities.  The  few  meagre  anato- 

mical notes  hitherto  published  in  that  country  are  only  sufficient  to 
stimulate  the  curiosity  of  anatomists,  not  to  satisfy  it. 

The  Negroes  were  both  of  pure  African  descent,  well  developed, 
full-grown,  born  in  the  West  Indies,  sailors.  ISTo.  1  was  smaller, 
older,  about  44 ;  No.  2  was  5  feet  1 1  inches  in  height,  largely  de- 

veloped, younger,  about  35.  The  skeletons  of  both  have  been  care- 
fully prepared,  and  are  now  placed  in  the  Ethnological  Collection 

in  the  College  Museum.  From  these  I  have  made  the  following 
notes : — 

The  skull  of  No.  1  is  prognathous,  dolichocephalic,  mesoseme, 
platyrhine,  hypselocephalic,  mesorhine.  Its  facial  angle,  as  measured 
by  the  alveolar  index,  is  1066,  and  its  measurements  are  as  fol- 

lows : — 
Fronto-iniac  arch  310mm.,  long  diameter  178mm.;  intermastoid 

arch  370mm.,  intermastoid  diameter  128  mm.,  greatest  width  131mm.; 
height  139  mm. 

The  sagittal  suture  is  partly  ankylosed,  simply  toothed.  There  is 
a  large  left  and  small  right  parietal  foramen;  a  small  wormian  bone  in 
the  parieto-mastoid  suture  on  each  side ;  a  short  sphenoparietal  suture 
13  mm.  long  on  both  sides.  There  is  no  posterior  condyloid  hole, 
and  the  condyles  are  unsymmetrical,  the  right  being  shorter  and 
divided  into  two  facets;  the  left  longer  and  undivided.  The  right 
anterior  condyloid  hole  is  divided  by  a  septum,  and  the  jugular  emi- 

nences are  large,  projecting  on  one  side  into  a  kind  of  paramastoid  pro- 
cess, while  there  is  a  small  spur  in  front  of  the  left  condyle  like  a  trace 

of  the  third  occipital  condyle. 
The  temporals  have  large  mastoid  processes,  a  post-glenoid  fissure, 

a  bony  bridge  crossing  the  jugular  foramen  on  each  side  internally, 
R.  I.  A.  PROC,  SER.  II.,  VOL.  III.   SCIENCE.  2  E 
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and  a  smaller  bony  bridge  passes  from  the  carotico-jngular  crest  to  the 
ex-occipital.  The  right  foramen  spinosum  is  in  the  line  of  the  suture, 
and  the  scaphoid  fossa  is  continuous  down  to  the  hamular  process. 

The  nasal  bones  are  prominent,  ridged,  narrow  above  and  wide 
below ;  the  lachrymal  has  a  sharp  crest,  a  middle  and  inferior  process, 
a  short  lachrymo- ethmoidal  suture  1  cm.  long.  The  malar  has  a  pos- 

terior temporal  process,  and  the  infra-orbital  canal  is  very  oblique, 
looking  downwards  and  inwards,  with  a  sharp  crescentic  outer  edge. 
The  anterior  nasal  spine  is  double  and  prominent. 

The  teeth  are  large,  the  lower  molars  with  much-wrinkled 
crowns;  the  third  lower  has  its  fifth  hindmost  cusp  large,  and  its  other 
cusps  divided  by  secondary  furrows.  The  right  third  upper  molar  is 
nearly  as  large  as  the  first,  and  a  diastema,  6  mm.  long,  intervenes 
between  the  second  premolar  and  the  first  molar  on  the  right  side 
above. 

The  lower  incisors  are  strongly  curved,  concave  backwards.  The 
alveolar  parabola  of  the  lower  jaw  measures  57  mm.  from  before  back- 

wards, and  62  mm.  transversely  across  the  third  molar.  The  semi- 
ellipse  of  the  upper  teeth  is  50  mm.  in  its  semiaxis  major  and  62  mm. 
in  its  axis  minor.    . 

The  mandibles  are  large,  strong,  87  mm.  from  angle  to  angle, 
70  mm.  in  height  at  the  condyle,  which  was  29  mm.  in  transverse 
breadth;  the  outer  points  of  the  two  condyles  were  125mm.  apart, 
while  the  inner  were  77 '5 . 

The  skull  of  No.  2  was  larger,  finer,  more  massive,  prognathous, 
dolichocephalic,  cryptozygous,  microseme,  platyrhinal,  and  having  the 

the  following  measurements: — Greatest  length  188-5mm. ;  greatest 
breadth,  supramastoid  136  mm.,  interparietal  132  mm.;  greatest  height 
140  mm.;  fronto-iniac  arch  350  mm.;  intermastoid  arch  380  mm.; 
orbital  index  75 -5  ;  cephalic  index  72'3. 

In  many  respects  it  resembled  that  of  ]^o.  1,  but  showed  the  fol- 
lowing differences : — 

The  coronal  suture  is  uncommonly  gyrated  on  each  side,  and  the 

spheno-parietal  suture  is  absent,  as  the  squamosal  on  both  sides  arti- 
culates with  the  frontal.  The  left  occipital  condyle  is  wider  and 

longer,  the  right  narrower  and  shorter,  and  both  anterior  condyloid 
holes  are  undivided,  both  posteriors  wanting.  The  stylohyals  are 
short,  while  in  No.  1  they  are  very  long,  ankylosed,  and  the  jugular 
holes  are  only  imperfectly  bridged.  The  upper  band  of  the  pterygo- 
spinous  ligament  is  ossified,  and  the  scaphoid  fossa  is  small.  The 
nasal  bones  are  typically  flattened  and  nearly  of  equal  width  through- 

out; the  lachrymal  has  a  very  short  ethmoidal  suture,  8  mm.  long,  and 
a  slight  trace  of  a  superior  process. 

The  scapular  index  of  No.  1  is  -73°,  of  No.  2  is  -71.  In  No.  1  the 
clavicles  are  markedly  unsymmetrical,  the  right  being  150  mm.,  the 
left  132  mm.  long.  The  left  humerus  has  an  intercondyloid  per- 

foration. The  tibise  are  nearly  platycnemic ;  and  each  femur  has  a 
well-marked  tuberculum  colli  anterior. 
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The  sacrum,  is  short  and  curved,  somewhat  like  that  of  a  small 

female,  and  the  first  rib  articulated  with  the  seventh  cei'vical  on  the 
left.  The  atlas  has  a  complete  (left)  and  an  incomplete  (right)  bridge 
on  the  posterior  arch  over  the  vertebral  artery. 

IS'o.  2  is  a  much  more  massive  skeleton,  with  two  small  ribs  on  the 
first  lumbar  vertebrae,  a  perfectly  detached  first  sacral  vertebrae  ;  the 
sacrum  with  a  strong  downly-directed  spur  on  its  lower  left  side. 
The  ossa  innominata  were  enormously  solid  ;  when  dried,  one  weighed 
lib.,  the  other  fib.  All  the  bones  have  their  crests  much  exagge- 
rated. 

The  femur  has  a  strong  supra-condyloid  spur ;  the  calcaneum  pro- 
jects an  inch  and  three-quarters  behind  the  tibia. 

The  humeri  are  very  much  flattened  at  their  lower  end,  and  the 
forearm  bones  are  markedly  unsymmetrical  on  the  two  sides. 

The  special  points  of  interest  in  these  two  skeletons  are  :  1st,  their 
respective  intermembral  lengths  ;  2nd,  their  general  cranial  charac- 
ters. 

APPENDIX  A. 

Table  of  Measurements. 

No.   1. No.  2. 

Right  Eadius, greatest  length, 

26-3 28-1 Left  Radius, >5                  >; 

25-5 27-2 Right  Ulna, })■                  >j 

29-0 29-7 Left  Ulna, n                   ») 

27-9 29-4 Right  Humerus, j>                  1} 

31-3 
33-5 Left  Humerus, V                          J> 

30;  7 

33-5 Right  Clavicle, >}                               5) 

15-0 
15-5 Left  Clavicle, J)                            5> 

13-2 15-5 Femur, 
>5                            >> 

46-0 47-0 Tibia, 
J>                           >> 

38-0 42-0 Fibula, 
5>                            3J 

38-0 40-0 
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APPENDIX  B. 

Table   of  Indices. 

No.  1. No.  2. 

Intermembral  (right),   . 

71-0 71-0 
Intermembral  (left),     . 

69-0 
70-0 

Pemoro-tibial,      .     .     . 

82-6 
89-3 Tibio  Fibular,      .     .     . 

100-0 95-2 Humero-radial  (right), 

84-0 85-1 Humero-radial  (left),    . 

83-0 82-4 Humero-ulnar  (right), 

95-0 89-0 Humero-ulnar  (left),     . 

90-0 90-0 Radio-ulnar  (right). 

90-0 91-0 E-adio-ulnar  (left),    .     . 

94-0 92-0 Altitudinal  Cephalic,    . 

78-0 74-0 
Latitudinal  Cephalic,    . 

73-5 72-3 
Orbital,   

86-8 

50-0 

73-0 

81-7 

57-0 

71-0 

JS'asal,   

Scapular,   
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LVIII. — Three  Teaes'  Observation's  oe  the  Tides  at  Liveepool 
(Fleetwood).  By  tlie  Eev.  James  Peakson,  M.A.,  F.R.A.S.,  late 
Scholar  (15th  Wrangler)  of  Trinity  College,  Cambridge,  Vicar  of 
Fleetwood. 

[Read,  December  13,  1880.] 

It  is  now  two  years  ago  since  I  last  had  the  honour  of  addressing  the 
Academy  on  the  above  subject,  and  it  is  ten  years  at  least  since  I  first 
began  a  close  application  to  the  study  of  it.  During  all  this  inter- 

val I  have  been  making  a  continuous  system  of  observations,  and  have 
compared  them  with  the  results  of  theory,  so  as  to  form  an  esact 
opinion  as  to  whether  the  method  of  computation  which  my  own 
investigation  led  me  to  adopt  was  true  to  nature.  It  is  a  subject 
which  becomes  more  fascinating  the  more  it  is  indulged  in.  Few  care 

to  give  to  it  the  attention  it  deserves,  and  fewer  still  have  the  oppor- 
tunity of  noting  the  effect  of  barometric  changes  and  atmospheric  gra- 

dients so  as  to  eliminate  these  disturbing  causes  from  the  general 
effects.  Mrs.  Somerville  designated  the  state  of  the  theory  of  the 

tides  in  her  time  as  "  a  reproach  to  science  "  ;  and  even  Dr.  Whewell, 
in  his  "History  of  the  Inductive  Sciences,"  complains  of  want  of 
success.  Under  those  circumstances  there  is  every  encouragement  to 
persevere  in  the  study.  Like  an  unploughed  field,  it  demands  cul- 

tivation, and  the  more  because  so  few  care  to  work  in  it.  Although 
recently  a  renewed  effort  has  been  made,  and  a  fresh  theory,  based  on 
a  Harmonic  Analysis,  has  been  adopted,  aided  by  a  complicated  and 
expensive  machine  which  is  to  facilitate  calculation,  yet  no  practical 
tables  have  been  forthcoming  which  may  be  submitted  to  the  test  of 
experiment,  so  far  at  least  as  one  of  the  most  important  seaports  of 
our  country  is  concerned,  viz.,  the  Port  of  Liverpool.  At  this  station 
we  have  two  superimposed  tides  of  27^  feet  mean  range  arriving  at 
the  same  instant,  or  nearly  so  ;  and  the  force  of  gravitation  may  be  as 
plainly  seen  in  action  as  the  movement  of  the  machinery  of  a  watch  is 
discerned  by  noticing  the  motion  of  the  seconds-hand.  Hitherto  the 
only  tide-tables  put  into  circulation  have  been  (1)  those  published  in 
the  Isle  of  Man,  (2)  those  originated  by  the  Eev.  George  Holden,  M.A., 
and  printed  in  Liverpool,  and  (3)  the  Admiralty  tables  issued  in  Lon- 

don. The  first  are  of  more  recent  date  than  the  second,  but  the 
mode  of  computation  adopted  in  producing  them  is  kept  an  inviolable 

secret.  On  this  point  Dr.  Whewell  writes  as  follows  ("History  of 
the  Inductive  Sciences,"  vol.  ii.,  p.  255)  : — "  Art,  in  this  instance, 
having  cast  off  her  legitimate  subordination  to  Science,  or  rather, 
being  deprived  of  the  guidance  which  it  was  the  duty  of  Science  to 
afford,  resumed  her  ancient  practices  of  exclusiveness  and  mystery. 
Liverpool,  London,  and  other  places,  had  their  tide-tables,  constructed 
by  undivulged  methods,  which  methods,  in  some  instances  at  least, 
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■were  handed  down  from  father  to  son,  for  several  generations,  as  a 
family  possession;  and  the  publication  of  new  tables,  accompanied 
by  a  statement  of  the  mode  of  calculation,  was  resented  as  an  infringe- 

ment  of  the  rights  of  property."  I  am  not  aware  that  the  mystery 
has  even  yet  been  divulged,  though  I  am  sure  much  progress  has 
been  made  towards  its  solution  by  an  independent  inquiry. 

The  fii'st  object  of  such  an  inquiiy  is  to  ascertain  the  laws  which 
regulate  what  is  technically  called  the  "  diui'nal  ineq^uality."  This  it 
is  which  causes  the  spring-tides  sometimes  to  increase  successively  by 
iiTegular  steps,  each  being  alternately  greater  and  less  than  the  one 
preceding,  and  sometimes  to  succeed  each  other  by  continuous  incre- 

ments of  height.  This,  though  due  to  the  changes  of  the  moon's  and 
sun's  declination,  as  its  ultimate  cause,  is  much  dependent  on  the  con- 

figuration of  land  and  water  in  the  regions  through  which  the  tidal 

■wave  has  to  traverse;  and  Dr.  "Whe well's  statement  may  still  be  safely 
endorsed — '"'Although  Laplace's  conjecture,  that  in  the  moving  fluid 
the  motions  must  have  a  periodicity  corresponding  to  that  of  the  forces, 
may  in  some  cases  of  the  problem  be  verified,  this  cannot  be  done  in 
the  actual  case  where  the  revolving  motion  of  the  ocean  is  prevented 

by  the  intrusion  of  tracts  of  land,  running  nearly  from  pole  to  pole." 
He  adds:  "I  am  not  aware  that  for  such  a  case  anything  has  been 
done  to  bring  the  hydrodynamical  theoiy  of  oceanic  tides  into  agree- 

ment with  observation." 

jS'ow  it  is  precisely  for  the  object  of  bringing  theory  into  agree- ment with  observation  that  the  method  has  been  devised  to  which  I 
wish  to  call  attention — a  method  which  has  been  embodied  for  several 
years  past  in  the  Admiralty  Tables.  It  is  based  on  a  modification  of 

Sir  John  Lubbock's  Tables,  and  rests  on  the  equilibnum  theory  of 
Bemouilli,  and  it  embodies  the  law  which  regulates  the  diurnal 
inequality.  I  propose  to  submit  the  method  to  the  same  test  to  which 

all  the  other  consequences  of  gi^avitation  have  been  submitted,  viz. — 
the  calculation  of  tables,  and  the  continued  and  orderly  comparison  of 
these  with  observation.  In  order  to  do  this  satisfactorily,  we  shall 
select  a  period  of  time  when  settled  weather  indicates  that  atmo- 

spheric disturbing  causes  have  had  a  minimum  effect,  the  error  from 
accuracy  being  in  each  case  pointed  out,  and  a  note  being  made  of  the 
atmospheric  conditions. 

Our  fii'st  record  will  show  ten  successive  tides  in  February, 
1878:— 
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Date. Calcu- lation. Obser- vation. 
Error. Barom.,  Wind,  &c. 

1878. ft.  in. ft.  in. in. 

Feb.    13, M. 
19-7 19-7 

0 29-9,  S.,  slight. E. 

20-3 20-2 

-  1 

30-0,  W.,     ,, 
14, 

M. 

21-2 21-0 

-  2 

J,      S.,       ,, 

E. 
21-11 

22-2 +  3 
);       j>            >7 15, 

M. 

23-8 23-9 +  1 
■>>           T>                  )J 

E. 

24-6 24-8 +  2 
30-1,  S.W.,  fresh. 16, 

M. 25-10 
25-8 

-  2 
30-2,     „ 

E. 
26-6 26-4 

-  2 

„     S.,       slight. 
n, 

M. 27-11 
28-1 +  2 

30-1,  S.W.,  fresh. E. 

28-0 28-8 +  8 
30-0,     „       strong. 

18, 
M. 

29-4 29-6 
+  2 ,,        ,,       abating. E. 

Our  next  comparisons  shall  be  taken  from  the  month  of  April  in 
the  same  year  : — 

Date. Calcu- lation. Obser- vation. 
Error. Barom.,  Wind,  &c. 

1878. ft.  in. ft.  in. 
in. 

Apr.     8, M. 
23-3 

23 
6 

+  3 30-1,  S.S.W.,  strong. E. 22-10 
22 

10 0 ,,     S.S.E.,      ,, 

9, 

M. 

22-2 

21 
10 

-  4 

30-2,      „ 

E. 
21-6 

21 
1 

-  5 

,,     E-,            ,, 10, M. 

20-8 
2,0 11 

-  3 

,,     „           fresh. E. 
19-11 19 11 0 

„     „           slight. 
11, 

M. 19-11 19 11 0 ,,     S.E.,         ,, 
E. 

19-8 
19 6 

-  2 

,,               ,,           ̂ -J          5, 

12, 
M. 

20-2 
19 11 

-  3 

,,     S.S.E.,     ,, 
E. 20-10 

20 
8 

-  2 

„       calm. 13, 
M. 

22-1 
22 2 

+  1 

30-1,  S., 

E. 
22-11 

23 
3 

+  4 
30-0,  S.W.,  signal  out. 

14, 
M. 

24-5 
24 5 0 „       slight. 

E. 24-11 25 
3 +  4 

,,     ̂ "j         ,j 
15, 

M. 
26-6 

26 7 
+  1 30-1,  W.S.W.,  fresh. E. 

27-0 

27 0 0 
,,         ,,          calm. 

M. 

28-5 
28 9 

+  4 ,,     S.,          slight. 
E. 

28-2 

28 3 
+   1 

29-9,  S.W.,        „ 
M. 

29-1 
29 0 

-  1 

„   w., E. 

28-9 

28 
7 

-  2 

„     W.S.W.,  „ 
M. 

29-1 29-0 

-  1 

E. ~ ~ 
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The  months  of  August  and  September,    1880,   shall  supply  our 
next  quotations :  — 

Date. 
Calcu- lation. Obser- vation. 

Error. Barom.,  Wind,  &c. 

1880. 
ft.  in. 

ft.  in. in. 

Aug.  24, 
M. 

27 8 

27 

6 

-    2 

30-4,  ̂ .W.,  slight. 
E. 25 6 

25 
6 0 

„     N., 

25, 

M. 26 1 
26 

0 

-  1 

)J             ?)                           5) E. 24 0 24 3 
+  3 

30-3,  S.,  Bar.  falling. 

26, 

M. 24 2 24 3 
+  1 

30-2,   ,,    slight. E. 22 6 22 
10 +  4 

„     S.W.,     „ 
27, 

M. 22 7 22 4 

-  3 

30-3,  calm. 
E. 20 

10 

21 
1 

+  3 
30-4,  N.W.,  fresh. 

28, 

M. 
20 

5 
20 

4 

-  1 

30-5,     „        slight. 
E. 

19 2 19 7 
+  5 

>j     E.,           ,, 

29, 

M. 18 8 18 9 
+  1 

30-4,  N.E., 

E. 18 7 18 4 

-  3 

30-3,    ,,  fresh  breeze. 

30, 

M. 18 
8 

18 
8 0 30-2,  E.,  slight. 

E. 19 4 19 9 +  5 V    s.,     ,, 31, 

M. 19 6 19 7 

+  1 

30-3,  calm. 
E. 20 

10 

21 

3 

+  5 

30-4,  S.,  slight. 
Sept.  1, M. 

21 
1 

21 
6 

+  5 

„     S.S.W.,    fresh; 

signal  out. E. 
22 

6 
22 

7 +  1 30-5.,  S.,  slight. 

2, 

M. 22 
10 

22 
7 

-  3 

30-6.,  S.W.,  sHght. E. 
24 3 24 2 

-  1 

>?         >)          J  J 

3, 

M. 
24 

4 24 0 

-  4 

30-5,  KW.W.,  slight. 
E. 25 8 

25 
5 

-  3 

30-4,  calm. 

4, 

M. 
25 6 25 6 0 30-3,  S.S.W.,  calm. 

E. 
26 

11 26 10 

-  1 

30-2,  S.W.,  slight. 

5, 

M. 
26 

5 
26 

6 
+  1 

„     S.S.W._,  gusty. 
E. 

27-9 
27-4 

-  5 

, ,     depression     ap- 
proaching. 

In  conclusion,  it  is  only  necessary  to  observe  how  important  it  is 
not  only  to  ascertain  the  normal  height  of  the  tide,  but  also  the 
amount  of  the  correction  to  be  applied  in  consequence  of  atmospheric 
disturbances.  Where  so  many  causes  are  combined,  nothing  but 
patient  experience  and  judgment  will  effect  this.  The  most  likely 
means  of  obtaining  an  accurate  prediction  is  to  notice  the  successive 

changes  of  sea-level  from  day  to  day,  and  add  or  subtract  accordingly. 
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LIX. — Eeseaeches  on  Annitai   Paeaxlax,   made   at  Dttdtsink.     By 
EoiffiET  S.  Bail,  LL.D.,  F.R.  S.,  Royal  Astronomer  of  Ireland. 

[Read,  January  10,  1881.] 

In  the  following  Paper  I  give  a  brief  sketch  of  some  of  the  observa- 
tions which  have  been  made  at  Dunsink  during  the  last  two  or  three 

years.  The  full  details  will  appear  in  the  pubKcations  of  the  Obser- 
vatory, Part  V.  Some  of  the  results  have  already  been  recorded  in 

the  Journals  which  are  more  specially  devoted  to  Astronomy  (see  Jfow^A/'y 
Notices,  R.A.S.,  JS'ov.  1880,  Jan.  1881,  and  Urmiia,  No.  1).  The  three objects  to  which  I  wish  to  draw  attention  are  the  stars  known  as 
61  Cygni,  P  m  242,  and  Groombridge  1618. 

(61  Ctgni). 

In  1838  Bessel  commenced  a  series  of  measures  from  the  central 

point  between  the  two  components  of  61  Cygni  to  the  two  other  stars 

'(&)BESSEL 

,^©BESSEL 

JS38^-""      , 

JSS3  ̂ 

I8]8  6  •::::::---- 

Fig.  1. — 61  Cygni  and  Comparison  Stars. 

a  and  I  (see  Pig.  1).     «  is  a  star  of  the  8*8  "mag.,  and  is  known  as 
BD  +  37°,  4173 ;  while  Hs  a  star  of  the  8-6  mag.,  known  as  BD  +  37°, 

n.  I.  A.  PROC,  SEE.  II.  VOL.  III. — SCIENCE. 2  F 
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4179.  The  result  of  a  most  elaborate  series  of  raeasures  made  with 

the  heliometer  gave  for  61  Cygui  a  parallax  of  about  one-third  of  a 
second. 

Fifteen  years  later,  Struve  undertook  a  new  determination  of  the 
parallax  of  61  Cygni,  which  had  by  that  time  moved  into  the  position 
marked  1853,  Pig.  1.  The  comparison  star  employed  by  Struve  was 

of  the  9-4  mag.,  BD  +  38°,  4345.  He  employed  measures  of  the  dis- 
tance and  position  angle  of  61  (B)  Cyg.  fi'om  the  comparison  star. 

The  result  of  Struve' s  labours  seemed  to  indicate  that  the  parallax  of 
61  Cygni  was  haK  a  second. 

Considerable  doubt  existed  as  to  which  result  was  the  correct  one. 

Auwers,^  on  a  discussion  of  the  whole  question,  was  inclined  to  agree 
with  Struve,  and  it  was  with  the  view  of  settHng  the  difference  that 
Dr.  Brlinnow  commenced  the  work.  It  had,  however,  been  but  little 
more  than  commenced  when  Dr.  Brunnow  resigned  his  position  at  Dun- 
sink,  and  on  me,  as  his  successor,  devolved  the  task  of  continuing  and 
completing  the  work.  A  first  instalment  of  the  Observations,  and  a 
discussion  of  the  result,  has  been  already  given  in  Part  III.,  Dunsink 
Ohservations.  1  now  give  a  further  instalment,  completing  the  obser- 

vations made  by  myself.  The  final  discussion  of  the  entire  series, 

which  amalgamates  Dr.  Briinnow's  work  and  my  own,  must  be  post- 
poned until  the  publication  of  Part  Y.  of  JDunsinh  Ohservations. 

Dr.  Brunnow  employed  the  star  BD  +  38°,  4351,  9*5  mag.,  for  the 
comparison.  On  31st  March,  1878,  I  found  that  this  star  followed 

61  (A)  Cygni  in  5P-5  and  66"-5,  north.  Briinnow  had  ascertained that  the  measurement  of  difference  of  declination  could  be  made  with 

extreme  accuracy  by  the  South  equatorial,  and  consequently  it  was  the 
method  of  differences  of  declination  that  he  employed.  The  first  series 
of  observations  were  made  with  61  (A)  Cygni,  and  from  them  I  de- 

duced a  parallax  of  0"'4654,  practically  agreeing  with  Struve's  result. 
See  Dunsink  Ohservations,  Part  III.,  pp.  16-40. 

In  the  series  now  under  discussion  I  employed  the  following  star 
61  (B)  Cygni,  which  had  then  moved  into  the  position  marked 
1878  on  the  figure..  This  series  was  commenced  on  18th  September, 
1878,  and  concluded  on  2nd  October,  1879, 

On  each  night  of  observation  it  was  usual  to  take  four  complete 

measui'es  of  the  difference  of  declination.  Each  complete  measure  was 
derived  fi'om  four  readings  of  the  screws,  followed  by  four  after  the 
wires  had  been  crossed.  The  final  result  adopted  for  each  night  was 
the  mean  of  the  four  complete  measures. 

To  illustrate  the  nature  of  these  observations,  and  the  method 
employed  in  their  reduction,  I  here  give  the  series  of  measures  taken 
on  the  16th  November,  1878,  a  date  which  I  have  selected  at  random. 

^  Alhandlungen  der  Akademie  zu  Berlin,  1868. 
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Micrometric  Measurements  of  the  Difference  of  Declination  letween  61  (B) 

Cygni  and  BD  +  38°,  4351,  on  16th  November,  1878. 

Screw  I. Screw  II. Screw  I. Screw  II. Screw  I. Screw  II. Screw  I. Screw  II. 

63698 40627 55783 32139 64318 
40047 

55599 32446 

63753 40598 55857 32134 64163 
40177 

55562 32506 

63791 40537 55902 32063 64175 
40237 

55501 32549 

63823 40537 65921 32074 64097 
40257 

55483 32633 

55639 32356 64217 40184 55906 32143 63557 40863 

55666 32353 64215 40142 
55697 32293 63293 41103 

55732 32268 64202 40113 55716 32303 63267 41088 

55753 32262 64213 40095 55708 32348 63154 41228 

Each  of  these  eight  columns  had  first  to  be  reduced  to  seconds. 
This  is  accomplished  by  adding  together  the  four  larger  numbers  in 
each  column,  and  subtracting  from  the  result  the  sum  of  the  four 

smaller  numbers.  JS.  g.  for  the  first  column  this  result  is  32"275.  This 
has  to  be  multiplied  by  one-eighth  of  the  value  of  the  micrometer 

Screw  I.,  at  the  temperature  of  the  instrument  (39°"9).  The  result 
thus  found  is  36"*292.  In  a  similar  manner  the  movement  of  Screw  II. 

in  the  second  column  gives  37""224.  Thus  the  first  set  of  measures  on 
the  night  in  question  gives  for  the  apparent  total  distance  the  result 

73"'516.  This  must,  however,  receive  a  correction  of  +  0"'026  on 
account  of  refraction,  and  of  -  0"'031  on  account  of  reduction  for  aber- 

ration, precession,  and  nutation,  so  that  the  final  result  is  73""511.  In ,a  similar  manner  we  have  for  each  of  the  other  sets  of  observations  on 

the  night  in  question  73"-705,  73"-539,  73"-453.  The  mean  of  the 
whole  four  is  73"-552,  which  is  accordingly  taken  as  the  final  result 
of  the  observations  for  this  one  night. 

In  many  cases  the  number  of  complete  measures  was  less  than  four, 
so  it  has  been  found  convenient,  when  estimating  the  weight  attached 

to  each  night's  work,  to  use  the  number  of  complete  measures  which 
have  been  obtained.  Thus,  for  the  night  just  considered,  the  weight 
is  taken  as  4. 

The  following  Table  contains  the  mean  results  of  the  observations 

mi  the  several  nights  which  are  included  in  the  present  series  : — 
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Mean  Results  of  the  Observations  of  the  Difference  in  Declination  between 

61  (B)  Cygni  and  BD  +  38°,  4351,  reduced  for  Refraction  and 
Reduction. 

Date. Difference. Date. Difference. Date. Difference. 

1878. 1879. 1879. 

Sept.     18, 73" -657 Nov.     17, 73"-609 April     30, 
72"-ll7 

„         20, 73  -633 „        21, 73  -507 
May       4, 

72  -229 

„         23, 73  -579 „        25. 73  -615 

8, 

71  -907 

„         25, 73  -613 „         28, 73  -437 
„         15, 

71  -602 

Oct.      13, 73  -520 
Dec.       1, 

73  -554 „         22, 71  -640 

„        24, 73  -698 

5, 

73  -436 

June     10, 
71  -530 

„         25, 73  -528 

8, 

73  -442 „         15, 
71  -345 

„        28, 

„        29, 

73  -739 

73  -537 

30, 

1879, 
Jan.        8, 

73  -268 

73  -400 

„         28, 
July     26, 

71  -169 

70  -853 

„         31, 73  -707 
„        15, 73  -370 

Sept.     17, 

70  -424 
Nov.       1, 73  -802 „        18, 73  -325 

Oct.        2, 

70  -816 

8, 

73  -633 April     10, 
72  -512 

„        16, 73  -552 „         16, 72  -348 

A  glance  at  these  results  exhibits,  in  a  conspicuous  manner,  the  large 
proper  motion  of  61  (B)  Cygni  relatively  to  the  star  which  has  been 
chosen  for  comparison.  To  clear  the  observations  from  the  grosser 
part  of  the  effects  of  proper  motion,  it  became  necessary  to  adopt  an 
approximate  value  of  the  relative  annual  proper  motion  in  declination. 
The  former  series  of  observations  had  conclusively  established  the  fact 
that  the  comparison  star  is  not  affected  by  any  considerable  proper 

motion.  I  therefore  felt  warranted  in  assuming  Argelander's  value  of 
the  absolute  proper  motion  of  61  B  Cygni  in  declination  as  approxi- 

mately the  relative  proper  motion.  The  value  in  question  is  +  3"-016 
[Fositiones  Media,  p.  27). 

The  mean  epoch  of  the  entire  series  of 'observations  is  1879"069. 
The  mean  value  of  the  observed  differences  of  declination  is  72"-85549. 

The  assumed  epoch  is  1879-0,  whence,  applying  a  correction  of  +  -20865 
for  proper  motion,  we  have  as  the  adopted  mean  difference  of  declina- 

tions at  the  epoch  73"-06414. 
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The  equations  of  condition  are  now  formed  in  tlie  usual  manner. 

The  true  mean  distance  at  the  epoch  is  assumed  to  be  73"-06414  -  x  ; 
the  true  value  of  the  proper  motion  in  declination  is  assumed  to  be 

3"'016  +  x' ;  the  correction  to  be  applied  to  an  observed  difference  of 
declination  for  parallax  ct  is  -  [9-92229]  cos  (©  -  121°  39')  Hzj.  The 
correction  to  be  applied  for  a  possible  difference  k  between  the  coeffi- 

cients of  aberration  of  the  two  stars  is-  [9-92229]  sin  (©  -  121°  39')  k. 
Solving  the  epilations,  I  obtain 

X  =  +  0"-0227  ±  0"-0194, 
x'  =  -  0"-0878  ±  0"-0705, 

OT  =  +  0"-4676  ±  0"-0321, 

K  =  +  0"-07l9  ±  0"-0314. 

The  sum  of  the  squares  of  the  absolute  terms  is  6*172,  while  the 
sum  of  the  squares  of  the  residuals  is  but  1-223,  the  weights  being  of course  taken  into  account  in  each  case. 

The  probable  error  of  one  observation  is  +  0"-1298,  whence  the 

Fig.  2.- -Parallax  in  Declination  of  61  (B)  Cygni.     Ordinates  indicate  Parallax 
of  0"'47.     Dots  indicate  Observations. 

probable  error  of  the  mean  of  four  observations  which  form  a  complete 

series  for  one  night  is  +  0"-0649. 
The  agreement  of  the  present  parallax  of  0"-4676  with  that  of 



360  Proceedings  of  the  Royal  Irish  Academy. 

0"'4654,  found  by  the  former  series,  is  very  satisfactory.  The  accor- dance is  indeed  so  close  that  there  can  be  no  doubt  it  is  to  some 
extent  due  to  the  chapter  of  accidents.  These  investigations  confirm 
the  supposition  that  the  annual  parallax  of  61  Cygni  is  nearer  the  haK 
second  found  by  Struve  than  the  third  of  a  second  found  by  Bessel. 

In  order  to  shoTv  the  degree  of  accuracy  which  can  be  expected  in 
such  observations,  I  give  a  diagram  (Fig.  2)  which  represents  the  pre- 

sent series  of  observations  on  the  assumption  of  a  parallax  of  0"-4676. 
The  effect  of  such  a  parallax  on  the  difference  of  declinations  cannot 

exceed  0"'40.  The  dots  denote  the  observations,  and  the  curve  gives 
the  calculated  effect  of  parallax. 

Though  some  of  the  discrepancies  seem  large,  relatively  to  the 
total  amount  to  be  measured,  yet  the  greatest  divergence  of  the  obser- 

vation from  the  curve  is  not  more  than  the  angle  subtended  by  a  penny- 
piece  at  the  distance  of  fifteen  or  twenty  miles. 

(P  m  242.) 

In  the  Monthly  Notices,  vol.  xx.  p.  8,  is  a  Paper  by  0.  Struve, 

"  On  a  star  which  would  be  suitable  for  a  parallax  series."  The  star 
in  question  is  P  m  242,  its  position  for  1879-0  being  a  =  3^  59™  30% 
and  8  =  37°  45''3.  Argelander,  in  his  Catalogue  of  560  stars,  had 
pointed  out  that  P  iii  242  probably  formed  a  wide  Binary  system 
with  the  next  following  star  of  his  Catalogue  50  Persei,  on  account 
of  the  equality  in  direction  and  quantity  of  their  large  proper  motions. 

Struve  remarks  also  that  P  ui  242  is  a  double  star  of  Herschel's 

first  class  (Xo.  531  of  0.  Struve's  Catalogue),  the  components  being  of 
6-7*  and  8-9*  magnitudes  respectively,  and  3"  or  4"  distant.  The 
physical  correction  of  the  two  components  of  P  m  242  appears  to  be 

established  by  their  equal  proper  motions.  A  fourth  star  (BD  +  37°, 
877,  mag.  7-8)  is  south,  preceding  P  in  242  at  a  distance  of  nearly  4'. 
This  star  does  not  belong  to  the  system  formed  by  P  m  242  and  50 
Persei,  for  the  changes  in  its  position  with  respect  to  P  in  242  cor- 

respond exactly  to  the  proper  motion  of  the  latter.  "  This  star,  there- 
fore" (says  Struve,  in  conclusion)  "  would  be  a  very  qualified  object  of 

comparison  for  determining  the  relative  parallax  of  P  m  242,  for 
which  a  considerable  amount  is  indicated  by  the  proper  motion,  and  by 

the  probable  physical  connexion  with  50  Persei  at  15'  distance." 
Additional  interest  arises  from  Mr.  Burnham's  discovery  that 

BD  +  37°,  877,  is  also  a  double  star,  the  distance  being  1".  See 
M.  A.  S.,  vol.  xiiv.  p.  158. 

So  far  as  I  know,  no  measures  have  hitherto  been  made  with 

the  view  of  testing  whether  Struve's  surmise  as  to  the  existence  of  a 
parallax  for  P  iii  242  could  be  substantiated.  I  therefore  commenced 
a  series  of  observations  in  Jamxary,  1879,  of  the  distance  and  position 
of  the  comparison  star  which  Struve  suggested,  from  the  larger  star  of 
the  pair  P  in  242. 

In  an  important  feature,  however,  the  observations  now  to  be  dis- 
cussed are  very  different  from  those  which  had  previously  been  made 
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with,  our  micrometer.  The  distance  in  this  was  no  less  than  237"  +, 
which  is  greatly  in  excess  of  the  distances  measured  in  the  regular 
series  of  parallax  observations  contained  in  our  previous  publications. 
Had  there  been  any  suitable  companion  star  nearer  to  P  iii  242,  I 

should  certainly  have  preferred  it,  for  the  distance  237"  is  too  great  to 
be  measured  by  our  micrometer  with  the  accuracy  which  can  be  at- 

tained when  the  distance  is  only  about  one  or  two  minutes.  From  this 
cause  the  results  of  the  observations  are  not  so  satisfactory  as  I  would 
wish,  though  they  are  quite  sufficient  to  show  that  P  in  242  has  no 
considerable  parallax. 

The  following  are  the  observations  which  I  have  made  of  the  dis- 
tance and  position  corrected  for  refraction,  and  reduced  to  the  mean 

places  of  the  stars  at  the  epoch  1879"0  : — 

P  m  242. 

Distance  and  Position  o/BD  +  37°,  ̂ 11  from  P  III  242. 

Date. Distance. Position. Date. Distance. Position. 

1879. 

Jan.    11, 

Feb.  7, 

„  19, 

»  22, 

»  23, 

„       25, 

March  1, 

„       19, 

April  4, 

).  6, 

„       10, 

Aug.   14, 

„       22, 

23 

Sept.  17, 

Oct.      4, 

237' 

■558 

237 

•529 

237 

•074 

237 

•174 

237 

•695 

237 

•348 

237 

•220 

237 

•605 

237 

•422 

237 

•495 

237 

•268 

236 

•973 

237 

•177 

237 

•242 

237 

•151 

207n7'-35 

207  23  ̂ 47 

207  13  •le 

207  16  -04 

207  10  ̂ 25 

207  16  -96 

207  9  -08 

207  15  -99 

207  9  ̂27 

207  14  •OO 

207  15  -66 

207  19  •IS 

207  8  ̂47 

207  12  ̂ 83 

207  16  ̂ 28 

207  20  ̂ 24 

1879. 
Oct.   5, 

„   17, 

„   25, 

„   25, 
Nov.  1, 

2, 

„  11, 
Dec.  3, 

„  5, 

„  17, 

„  18, 

„  24, 

1880. 
Jan.  9, 

237' 

•203 

237 

•497 

237 

•315 

237 

•049 

236 

•965 

237 

•305 

237 

•041 

237 

•423 

237 

•588 

237 

•647 

237 

•186 

237 

•587 

237 

•215 

237 

•130 

236 

•715 

207°  17' -28 

207  16  -14 

207  17  -12 

207  22  -83 

207  8  -40 

207  17  ̂ 66 

207  19  -72 

207  21  -57 

207  12  -86 

206  59  -53 

207  5  ̂91 

207  25  ̂ 42 

207  29  ̂ 27 

207  22  •SS 

207  20  •ee 
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According  to  0.  Struve  {Joe.  cit.),  the  annual  proper  motion  in  right 

ascension  is  +  0'-0167,  and  the  declination  -  0"-152.  It  hence  appears 
that  the  arc  moved  over  in  one  year  by  P  rn  242  is  0"*2497,  while 
the  position  angle  of  the  star,  in  the  position  it  will  occupy  next  year, 

measured  from  the  present  position,  is  127°* 5.  The  correction  to  be 
applied  to  the  observed  distance,  in  order  to  reduce  the  observed  dis- 

tance to  that  between  the  places  at  the  epoch,  is  0"-04407  per  annum, 
while  the  corresponding  correction  to  the  observed  position  angle  is 

-  3'-565,  or  in  arc  -  0"-2457. 
The  adopted  mean  distance  at  the  epoch  is  237"*320,  and  the 

adopted  mean  position  is  207°  13'-86. 
From  the  usual  formulae  it  is  found  that  when  0  is  the  sun's  lon- 

gitude, R  the  sun's  radius  vector,  and  it  the  annual  parallax  of  P  iii 
242,  the  correction  to  be  applied  to  the  observed  distance  to  clear  it 
from  the  effects  of  parallax  is 

-  [9-82787]  z;R  cos(0  -  174°  56'  0"), 

while  the  corresponding  correction  for  the  observed  position  angle  is 

-  [9-90007]  zsR  cos  (0  -  142°  8'  29"). 

Assuming  that  x  is  the  correction  to  be  applied  to  the  annual  mean 

distance,  while  x'  is  the  correction  to  the  assumed  value  of  the  proper 
motion  in  distance,  and  k  is  a  probable  difference  in  the  coefficients  of 
aberration  of  the  stars,  then  we  have  from  the  observations  of  the  dis- 

tance the  usual  eq[uations  of  condition. 
Solving  these,  we  deduce  in  the  usual  way 

X  =-0"-1459  ±  0"-08, 

;^;' =  +  0"-3009  ±  0"-15, 

OT  =  +  0"-0163  ±  0"-09, 

K  =  +  0"-1405  ±  0"-12. 

The  sum  of  the  squares  of  the  residuals  is  1-2732,  from  which  the 
probable  error  of  one  complete  observation  is  +  0"-15.  The  sum  of  the 
squares  of  the  absolute  terms  is  1-4638. 

"We  next  proceed  to  form  the  equations  of  condition  from  the  ob- servations of  the  position  angle.  In  a  complete  series  of  measures, 
four  observations  of  the  parallel  and  four  of  the  position  angle  have 
been  made.  Owing  to  the  great  distance  of  the  stars,  the  measure- 

ments of  the  position  angle  (estimated  in  arc)  are  not  very  satisfactory ; 
and  on  two  occasions  (3rd  December  and  5th  December,  1879)  the 
discrepancies  have  attained  to  very  undesirable  dimensions.  The  resi- 

dual on  3rd  December  is  no  less  than  -  l"-332,  but  only  a  weight  of 
one-half  attaches  to  this  result  because  it  was  based  on  but  two  observa- 

tions of  the  parallel  and  two  of  the  position.    The  notes  at  the  time  of 
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observation  are,  "  snow  and  severe  frost;  low  and  hazy,  but  tolerably 
steady."  On  the  next  night  of  observation,  December  6th,  the  number 
of  observations  was  complete,  and  they  were  fairly  accordant :  the 

notes  at  the  time  record,  "  good  definition;  thaw;  occasional  clouds  :" 
the  residual  on  this  occasion  is  -  0""895.  It  will  be  noticed  that  these 
observations  occur  at  dates  Avhen  the  parallax  produces  but  very  little 

effect,  the  coefficient  being  +  -2536  on  the  first  occasion,  and  +  "2801 on  the  second.     From  these  we  obtain 

x  =  +  0"-0185  ±  0"-14, 

a;'=  +  0"-0076  ±  0"-27, 

OT  =  -0"-1371  ±  0"-ll, 

K  =  +  0"-1420  ±  0"-18. 

The  sum  of  the  squares  of  the  absolute  terms  of  the  equations  is 

+  4"3105,  and  the  sum  of  the  squares  of  the  residuals  is  +  4"1077,  from 
whence  the  probable  error  in  an  arc  of  one  complete  observation  of  the 
position  angle  is 

±  0"-263 

If  we  combine  the  two  values  of  the  parallax,  making  due  allow- 
ance for  the  weights,  we  obtain,  as  the  final  result  of  this  series  of 

observations, 
77  =  -  0"-045  ±  0-070. 

If  this  result  were  to  be  strictly  interpreted,  it  would  mean  that 
the  comparison  star  was  actually  the  more  distant  of  the  two.  Observ- 

ing, however,  that  the  probable  error  is  greater  than  the  parallax 
itself,  it  would  seem  unsafe  to  draw  any  conclusion  from  these  obser- 

vations, save  that  the  difference  between  the  parallaxes  of  P  in  242 

and  BD  +  37°  877  is  too  small  to  be  measured  with  accuracy. 

Geoombeidge  1618. 

This  star  is  No.  89  of  Argelander's  list  of  stars,  with  large  proper  mo- 
tion (Bonn,  Ohs.,  vol.  vii.  p.  69).  It  is  +  50°,  1725  in  ih.Qj)uchnuste- 

rung,  where  its  magnitude  is  given  as  6'8.  The  position  of  the  star 
at  the  epoch  1878-0  is  found  from  meridian  observations  at  Washington 
in  1871,  andEadcliffe  observations  in  1859,  to  beE.  A.  =  lO'^  3-"  53^-73, 
8  =  50°  4'  13"- 9,  allowance  having  been  made  for  the  proper  motions. 

According  to  Argelander  {I.  c.  p.  110)  the  proper  motion  in  E.  A.  is 

-  0'-1390,  and  in  Decl.  -  0"-501.  This  corresponds  to  an  arcual  proper 
motion  of  l"-429  per  annum,  the  position  angle  being  249°  29',  i.  e., 
this  is  the  position  angle  of  the  place  of  the  star  next  year  from  the 
present  place. 

The  distance  and  position  of  the  adjacent  star  +  50°,  1724  (8-8 
mag.)  has  been  measured  with  the  view  of  ascertaining  the  parallax 
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of  Gr.  1618.  It  will  at  the  outset  be  of  importance  to  show  that  the 
comparison  star  has  not  a  proper  motion  comparable  in  magnitude 
with  that  of  Gr.  1618. 

This  will  appear  most  clearly  by  a  comparison  of  the  recent  obser- 
vations with  those  made  by  Argelander  on  March  21st,  1843,  as  reduced 

in  Argelander-Oeltzen  to  the  epoch  1842*0.  From  an  approximate 
reduction  of  my  observations  I  conclude  that  at  the  epoch  1878'0  the 
distance  of  +  50°,  1724  from  Gr.  1618  is  198"-1,  and  the  position  angle 
is  201°  42'-8,     From  this  I  find 

Aa  =  7^-603, 

AS  =  184"-1  ; 

but  from  Argelander-Oeltzen,  we  have 

Aa  =  12^-4, 

AS  =  203"-9. 

"We  apply  to  these  differences  the  annual  proper  motion  of  Gr.  1618, 
viz.  -  0^-1 390  in  E.  A.  and  -  0"-501  in  Decl.  During  the  thirty-five 
years  that  have  elapsed  since  Argelander' s  observations  the  corrections 
will  amount  to  -  4^*87  and  -  17"'5,  respectively.  We  thus  find  for the  values  in  1878 

Aa  =  7'-5, 

AS  =  186"-4. 

It  is  therefore  evident  that  +  50°,  1724  cannot  have  a  proper  mo- 
tion which  even  in  thirty-five  years  amounts  to  much  more  than  0''103 

R.  A.,  or  2""3  in  Declination.  Compared  with  the  large  proper  motion 
of  Gr.  1618  these  quantities  are  inappreciable.  We  may,  therefore, 
conclude  as  a  first  approximation  that  the  absolute  proper  motion 
assigned  by  Argelander  to  Gr.  1618  coincides  with  its  proper  motion 

relatively  to  the  comparison  star  +  50°,  1724. 
The  annual  decrement  of  the  distance  from  Gr.  1618  to  +  50°,  1724, 

in  consequence  of  the  proper  motion  of  the  former,  is  0"-9579.  The 
position  angle  decreases  for  the  same  reason  at  the  rate  of  18''398 
annually. 

In  the  first  series  of  observations  now  to  be  discussed,  measurements 

were  made  on  fifty-five  nights  both  of  distance  and  position.  In  the 
present  Paper  the  measurements  of  the  distance  alone  are  discussed. 

The  following  Table  contains  the  observations  of  the  distance,  cor- 
rected in  the  usual  manner,  for  the  effects  of  refraction  and  tempera- 

ture of  the  micrometer  screw,  and  reduced  to  the  epoch  1878*0.  The 
corrections  for  proper  motion  have,  however,  not  yet  been  applied. 
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GrEOOMBEtDGE  1618,  I. 

Corrected  Distanoe  of+  50°,  1724  from  Grr.  1618. 

Date. Distance. Date. Distance. Date. Distance. 

1878. 1878. 1878. 

March    4, 198"-381 Api-il    24, 198"-507 Sept.     25, 198"-029 

„       13, 198  -542 „       27, 198  -261 
Oct.      24, 

197  -830 

„       13, 198  -459 May       3, 198  -327 „       28, 198  -195 

„       15, 198  -370 „         5, 198  -382 
Nov.       1, 

197  -858 

„       18, 198  -484 

9, 

198  -741 „        8, 197  -970 

„       18, 198  -581 „       18, 198  -355 „      17, 197  -799 

„       21, 198  -537 „       20, 198  -492 „       19, 
197  -949 

„       21, 198  -499 „       21, 198  -364 „       25, 198  -059 

„       22, 198  -450 „       28, 198  -232 „       28, 198  -105 

„       24, 198  -783 July      1, 
198  -330 

Dec.       1, 
198  -303 

„       24, 198  -753 

7, 

197  -951 
„         5, 198  -063 

„       25, 

„      29, 

198  -484 

198  -493 

„        8, 

„       12, 

197  -812 

197  -806 

„        8, 
1879. 

Jan.        8, 

198  -337 

198  -088 

„       29, 198  -605 „       21, 197  -743 
Feb.       5, 

197  -958 

„       31, 198  -445 „       28, 197  -795 „       22, 197  -993 

„       31, 198  -460 „       30, 197  -999 
„       25, 198  -142 

April      1, 198  -537 »       31, 197  -751 „       28, 198  -184 

»         1, 198  -493 August  2, 197  -892 
March  19, 

198  -213 

6, 

198  -461 „       10, 198  -047 „       31, 197  -819 

„      17, 198  -353 Sept.    20, 197  -869 
April      2, 197  -578 

„       21, 198  -415 „       23, 198  -221 

rrom  these,  I  conclude  in  the  usnal  manner, 

X  =-0"-1621  ±  -05 

;r'  =  +  0"-1534  ±  -07 

^=:  +  0"-3472  ±  -05 

K  =  -  0"-2890  ±  -06 
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The  probable  error  of  one  complete  obseryation  is  ±  '15. 
The  sum  of  the  squares  {nn)  =  3-537. 
The  sum  of  the  squares  (w)  -  2'935. 
The  result  of  the  observations  is  therefore  to  indicate  a  parallax  of 

about  one-third  of  a  second  for  Gr.  1618.  Though  the  probable  error 

of  the  result  is  only  0"-05,  yet  there  were  certain  features  which 
seemed  to  me  to  require  further  examination.  The  signs  of  the  resi- 

duals look  as  if  some  systematic  irregularity  had  affected  the  measures. 
The  large  value  of  the  unknown  k  seems  also  somewhat  improbable. 
The  substitution  of  the  values  for  the  unknowns  only  abates  the  sum  of 

the  squares  of  the  absolute  terms  from  3-5373  to  2-935.  I  therefore  de- 
cided to  commence  another  series  of  observations,  in  the  hope  that  the 

experience  already  obtained  would  ensure  a  better  result. 

Geoombeedge  1618,  II. 

Corrected  Distances  of+  50°,  1724/rom  Gr.  1618. 

Date. Distance. Date. Distance. Date. Distance. 

1879. 1880. 188C . 

Aug.  14, 197"-187 Mar. 

12, 

196"-473 

April 

25, 

196"'629 

„    23, 196  -846 

15, 

196  -398 

,, 

27, 

196  -589 

Oct.   28, 197  -184 

18, 

196  -170 

May 

6, 

196  -432 

Nov.   1, 196  -935 

19, 

196  -577 5, 

7, 

196  -255 
11, 

197  -079 

19, 

196  -524 ,, 

8, 

196  -317 

„    13, 196  ̂ 841 ,, 

20, 

196  -862 

,> 

13, 

196  -466 

„    30, 197  -228 

,, 

21, 

196  -557 

)' 

15, 

196  -319 

Dec.   4, 197  -056 „ 

21, 

196  -489 ,, 

16, 

196  -577 10, 

197  -177 „ 

22, 

196  -545 

July 

15, 

196  -191 

„    17, 196  -970 ,, 

22, 

196  -626 „ 

16, 

195  -807 

„    18, 1880. 
Jan.    9, 

196  -817 

196  -985 April 

31, 

6, 

196  -924 

196  -452 ,, 

20, 
21, 

196  -009 

195  -748 

„    21, 196  -961 „ 

8, 

196  -583 ,, 

21, 

195  -852 

Feb.   4, 197  -077 „ 

22, 

196  -517 „ 

29, 

195  -757 

5, 

196  -985 J, 

24, 

196  -ssa 
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From  these  we  find  the  following  values : — 

X  =-  0"-3532  ±  -133, 

a;'  =  +  0"-3222  ±  -116, 

w  =  +  0"-3196  ±  -052, 

K  -  -  0"-0422  ±  -066. 

The  probable  error  of  one  observation  is  +  '119. 
The  sum  of  the  squares  (nn)  ~  2-330. 
The  sum  of  the  squares  (w)  =  1-255. 
These  observations  are  free  from  the  features  which  appeared  to 

me  to  be  objectionable  in  the  former  series.  On  the  other  hand,  it  is 
to  be  observed  that  the  corrections  to  the  proper  motion  and  to  the  an- 

nual mean  distance  now  attain  considerable  amounts.  This  is,  I  be- 
lieve, partly  due  to  the  choice  of  an  epoch  which  is  more  than  a  year 

from  the  mean  date  of  the  observations.  To  examine  the  plausibility 
of  these  corrections  I  have  combined  the  results  of  the  two  series  of 

observations,  taking  account  of  their  probable  errors.     I  thus  find 

X  =-  0".1858  +  -047, 

a;'  =  +  0"-1985  ±  -060, 

OT  =  +  0"-3339  ±  -036, 

K  --0"-1774  ±  -044. 

These  results  do  not  appear  to  be  at  all  improbable.  A  positive 
correction  to  the  proper  motion  is  indeed  indicated  by  the  adopted 
mean  distances  at  the  epochs  of  1878  and  1879.  These  are,  respec- 

tively, 190-7608  and  197-7308.  This  corresponds  to  a  proper  motion 
in  the  distance  of  somewhat  over  a  second  per  annum,  while  the 
assumed  proper  motion  is  somewhat  less  than  a  second.  Nearly  half  of 
the  value  of  x'  is  thus  accounted  for. 

I  believe  that  these  observations  render  the  existence  of  a  parallax 
of  about  one-third  of  a  second  tolerably  certain.  It  will  not,  however, 
be  possible  to  determine  the  parallax  definitively  until  further  investi- 

gations have  been  made.  Measurements  of  the  position  angle  of  the 
comparison  star  from  Gr.  1618  are  very  well  adapted  for  this  purpose. 
Indeed,  the  parallax  has  a  much  larger  effect  upon  the  position  angle 
than  it  has  upon  the  distance.  I  have  made  such  measurements  at  the 
same  time  as  the  measurements  of  distance  which  are  here  discussed. 

These  observations  are  not  yet  ready  for  publication.  I  may,  however, 
say  that  though  some  difficulties  have  been  met  with,  yet  the  position 
angle  observations,  as  a  whole,  tend  to  confirm  the  fact  that  Grr.  1618 
has  a  parallax  sufficiently  large  to  entitle  it  to  a  place  among  the 

sun's  nearest  neighbours. 
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LX.   EePOKT    ON"    THE    FlORA.   OF    THE   BlASKET  IsLANDS,    Co.    KeRET. 
By  EiCHABD  M.  Baeeington,  M.A.,  LL.B. 

[Eead,  February  14,  1881.] 

The  group  of  islands  known  as  the  Blaskets  lie  to  the  west  of 
Dingle  promontory,  Co.  Kerry,  and  their  geology  and  position  show 
that  they  are  but  a  prolongation  of  its  ridge.  They  are  interesting, 
as  being  the  most  westerly  land  in  Europe,  if  we  except  the  Azores. 

They  lie  west  of  10°  30'  west  longitude,  and  immediately  north 
of  the  52nd  parallel  of  latitude.  Counting  rocks  which  rise  little 
above  high- water  mark,  they  number  109  islands,  but  six  only  are 
worthy  of  the  name,  the  rest  being  devoid  of  vegetation,  with  one  or 

two  exceptions.     The  six  largest  islands  are  : — 

Acreage. Highest 

point  in 
feet. Population. 

Great  Blasket, 1020 961 
130 

Innishtooskert, 186 573 Uninliabited. 

Innislivicillane,     -         -        - 171 
453 One  family. 

Innisliaabro,         .         .        - 102 583 Uninhabited. 

Tearagbt,     -        .        -        - 

Beginisli,      .        -        -        - 

47 

32 

602 

57 

The  light-house 
keepers. Uninhabited. 

A  circle  having  a  diameter  of  eight  miles  would  include  all  the 
Blaskets,  except  a  few  rocks. 

IS'o  botanist  having  ever  examined  this  remote  group  with  care,  I 
made  an  effort  to  explore  them  in  June,  1879.  Having  reached  the 
town  of  Dingle,  which  is  nine  miles  from  the  extreme  west  of  the 
promontory,  the  police  informed  me  that  an  unsuccessful  attempt  had 
recently  been  made  to  serve  processes  on  the  Blasket  Islanders,  and 
that  they  were  hostile  to  strangers.  This  proved  to  be  correct,  and  I 
found  considerable  diflS.culty  in  landing.  At  Dunquin,  a  small  village 
on  the  mainland,  opposite  the  Great  Blasket,  the  boatmen  declined  to 
row  me  across.  I  heard  subsequently  they  suspected  I  was  a  police- 

man in  plain  clothes.     All  sorts  of  excuses  were  made.    Finally,  after 
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four  days'  waiting,  I  procured  a  boat,  the  Rev.  Tatlier  Egan,  P.P., 
having  spoken  to  the  people  on  my  behalf. 

On  approaching  the  Great  Blasket,  vs^hich  is  one  mile  distant  from 
the  nearest  point  of  the  mainland,  the  people  were  seen  to  run  from 
the  houses,  and  congregate  on  the  edge  of  the  cliff  over  the  landing- 
place,  shouting  and  gesticulating  at  the  same  time.  Heaps  of  stones 
were  piled,  and  the  natives  began  to  throw  them  at  our  boat. 

Much  loud  conversation  took  place,  which  lasted  a  considerable 
time.  In  the  end  I  was  permitted  to  land,  provided  I  kept  at  a 
distance  from  the  houses.  Seeing  no  harm  was  intended,  the  inhabi- 

tants became  friendly,  and  many  of  them  accompanied  me  during  a 
walk  of  three  hours,  which  I  then  took  over  the  island.  Unfavour- 

able weather  and  want  of  time  did  not  permit  a  longer  visit  in  1879, 
but  I  saw  sufficient  to  make  me  anxious  to  examine  the  flora  of  the 

islands  carefully,  which  could  not  be  done  without  a  stay  of  some 
days  on  the  Great  Blasket. 

The  Royal  Irish  Academy  having  given  me  a  grant  to  explore  the 

group,  I  again  went  to  Dingle  in  July,  1880.  "Eo  difficulty  was  now experienced  in  procuring  boats.  On  the  contrary,  the  people  received 
me  with  many  expressions  of  welcome,  as  I  had  interested  myself  on 
their  behalf  during  the  severe  distress  in  the  spring. 

I  landed  on  July  16.  The  mud  cabins  are  of  the  poorest  descrip- 
tion. I  slung  my  hammock  from  the  rafters  of  a  vacant  one,  called 

the  schoolhouse.  The  curiosity  of  the  natives  was  intense,  and  I 
suffered  much  from  intruders  when  examining  specimens,  and  placing 
them  between  the  blotting  sheets. 

The  houses  on  the  Great  Blasket  are  all  built  together  on  the  end 
facing  the  mainland.  Here  the  people  have  several  patches  of 
potatoes  and  oats,  the  only  crops  noticed.  The  rest  of  the  island  is 
pasture,  and  is  grazed  by  cattle,  sheep,  and  goats.  There  are  no  lakes, 
or  even  pools,  on  any  of  the  Blaskets.  The  Great  Blasket  is  three  and 
a-half  miles  long  by  half  a  mile  broad.  Its  longest  axis  extends  in  a 
south-westerly  direction.  In  shape  it  resembles  a  ridge,  for  the  most 
part  700  feet  high,  and  for  a  mile  its  height  exceeds  900  feet. 
Towards  the  south  the  ridge  slopes  much  more  gradually  than  on  the 
northern  face,  which  is  almost  perpendicular  in  many  places. 

The  Great  Blasket  and  Innishnabro  consist  of  the  Dini^le  beds, 
which  are  placed  by  Mr.  Jukes  between  the  Upper  Silurian  and  Old 
Red  Sandstone.  Generally  the  Blasket  group  is  Silurian,  but  trap 
rocks  appear  on  Beginish  and  Innishvicillane.  Near  Dunquin  the 
Dingle  beds  consist  of  green  and  purple  grits  and  slates  without 
fossils,  and  pass  up  into  coarse  Sandstones.  Old  Red  Sandstone  appears 
on  the  extreme  north  point  of  Innishtooskert.  The  conical  Tearaght 
is  composed  of  grits  and  conglomerates. 

The  cliffs  and  precipices  are  very  grand,  notably  the  north- 
western face  of  the  Great  Blasket  and  the  north-eastern  portion  of 

Innishnabro,  which  latter  resembles,  when  viewed  from  the  sea,  a 
cathedral   500   feet  high,   the  towers,   spires,    and   even  doors   and 
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■windows,  being  represented/  Innishtooskert,  has  an  isolated  pin- 
nacle of  rock,  with  a  great  chasm  in  the  cliff  near  it,  scarcely  less 

striking.  The  Tearaght  is  like  a  black  tooth  projecting  from  the 
ocean,  its  sides  being  rocky,  desolate,  and  very  barren.  The  landing 
is  here  effected  with  difficulty,  even  in  calm  weather.  Myriads  of 
sea-fowl,  especially  Puffins,  swarm  on  the  ledges  of  this  distant 
island^  which  is  nine  miles  from  the  mainland. 

I  observed  that  the  cliffs  on  the  northern  face  of  all  the  islands 
were  rather  more  productive  in  species  than  those  on  the  south  side. 
This  is  especially  the  case  with  the  Great  Blasket,  and  may  in  part 
be  attributed  to  the  greater  frequency  and  violence  of  south  and 
south-westerly  winds,  which  in  exposed  situations  would,  doubtless, 
have  an  injurious  influence  on  the  growth  of  plants. 

On  the  northern  cliffs  of  the  Great  Blasket  I  noticed  Luzula 

sylvatica  plentiful,  Scilla  nutans  and  Mymenophyllum  unilaterale : 
these  are  not  found  on  any  other  island  on  the  west  coast  of  Ireland 
that  I  am  aware  of.  Primula  vulgaris,  Valeriana  offi,cinalis,  Lychnis 
flos-cuculi,  Viola  sylvatica,  Cardamine  pratensis,  and  other  plants  may 
be  gathered  here  also,  giving  the  vegetation  an  inland  appearance. 
It  is  not  usual  to  find  such  species  associated  on  the  face  of  a  marine 
precipice  exposed  to  the  storms  of  the  Atlantic. 

Next  to  the  Great  Blasket,  Innishvicillane  is  certainly  the  most 
fertile  in  species.  Some  cultivation  exists  here,  and  one  family 
resides.  Innishtooskert,  though  the  largest  of  the  group,  except  the 
Great  Blasket,  is  the  most  barren  island,  for  its  size,  I  have  visited  on 
the  west  coast.  It  is  uninhabited,  and  closely  cropped  by  sheep. 
On  the  uninhabited  island  of  Innishnabro  I  gathered  Lavatera  arlorea, 
one  or  two  conspicuous  specimens  growing  on  the  cliff  near  the 
landing  place.  On  the  Tearaght  Lavatera  also  grows.  I  noticed 
several  plants  growing  on  various  parts  of  the  rock.  The  fact  of  the 
lighthouse  being  on  the  Tearaght  leaves  room  to  question  the 
nativity  of  Lavatera  here.  It  may  have  been  introduced  by  the 
keepers  at  one  time.  The  occurrence  of  this  species  in  suspicious 
localities  along  our  coasts  induces  me  to  prefix  a  mark  of  doubt.  If, 
however,  Lavatera  is  anywhere  indigenous  in  Ireland,  it  is  probably 
on  the  Blaskets. 

The  late  Mr.  W.  Andrews,  in  his  numerous  Papers  in  the  Dublin 

I^atural  History  Society's  Proceedings,  which  refer  principally  to 
zoology,  here  and  there  notices  some  plants  which  occur  on  the 

Blasket  Islands,  viz.,  "  a  very  fine  species"  of  Saxifraga  geum,  "  re- 
markable in  having  a  series  of  glands  of  a  rich  rose-colour  surrounding 

the  base  of  the  ovary,  which  give  a  remarkable  appearance  to  its 

inflorescence."  This  form,  Mr.  Andrews  states,  he  found  at  the 
extreme  western  point  of  the  Great  Blasket.^ 

I  did  not  meet  with  any  form  of  Saxifraga  geum  on  the  Blaskets, 

^  See  illustration  in  Mr.  Andrews'  "  On  the  Sea  Fisheries  of  Ireland." 
2  Proceedings,  Dvh.  Nat.  Hist.  Soc,  vol.  vi.,  part  i.,  p.  85. 
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but  I  gathered  strong  and  luxuriant  specimens  of  Sax.  umlrosa  on  the 
northern  cliffs  of  the  large  island.  At  the  entrance  to  Dingle  Harbour 
Mr.  A.  Gr.  More  informs  me  he  has  gathered  large  and  strong  forms  of 
Sax.  geum.  Saxifraga  umhrosa  was  not  observed  on  the  southern  side 
of  either  Innishvicillane,  Innishtooskert,  or  the  Great  Blasket — the 
three  islands  on  which  it  was  noticed. 

Symenophyllum  unilaterale  ( Wilsoni)  Mr.  Andrews  met  with  on  the 

Great  Elasket  "  in  rich  abundance."  ^  It  can  scarcely  be  called  abun- 
dant, seeing  that  I  only  gathered  it  in  one  spot  on  the  northern  cliffs 

of  the  island. 

Roccella  fuciformis,  a  very  rare  and  local  lichen,  is  recorded  by 

Mr.  Andrews  from  the  Tearaght  Eock.*  The  late  Dr.  David  Moore 
always  considered  that  a  large  form  of  Ramalina  scopulorum  had  been 

mistaken  for  it.^  It  is  much  to  be  wished  that  some  competent 
cryptogamic  botanist  should  visit  the  Tearaght,  and  set  the  matter  at 
rest. 

Cerastium  arvense,  var.  Andretvsii  (Syme),  was  also  gathered  by 
Mr.  Andrews  on  the  Blaskets.  This  variety  I  noticed  in  tolerable 
plenty  on  Innishvicillane,  Innishnabro,  and  the  Great  Blasket,  and  it 
is  the  only  form  which  occurs. 

The  occurrence  of  Lavatera  has  been  already  referred  to.  It 

appears  to  have  escaped  Mr.  Andrews'  attention. 

Suaeda  maritima,  a  species  classed  by  Mr.  "Watson,  in  his  Cybele Britannica,  under  the  littoral  zone,  grow  on  the  Tearaght  between 
400  and  500  feet  above  the  sea-level.  It  occurs  on  the  rocky  face  of 
the  cliffs,  and  I  did  not  gather  it  on  any  of  the  other  islands.  The 
waves  around  the  Tearaght  rise  so  high,  that  no  plants  can  grow  much 
below  150  to  200  feet. 

Euphrasia  officinalis  does  not  assume  that  stunted  form,  with  thick 
fleshy  bracts  and  leaves  packed  close  together,  which  I  have  noticed 
on  the  Islands  Achill,  Boffin,  and  Tory,  in  Ireland,  and  Staffa,  in 
Scotland.  The  Blasket  specimens  are  small,  but  the  leaves  and 
bracts  are  not  broader  than  is  usual  in  the  inland  form,  and  they  are 
not  succulent. 

While  examining  the  flora  of  the  Blaskets,  I  took  the  opportunity 
of  visiting  the  Skellig  Rocks,  twenty  miles  to  the  south,  the  only 
Irish  breeding-place  of  the  Gannet,  and  gathered  twenty-three  species 
on  the  Great  Skellig.  Here  I  observed  a  luxuriant  form  of  Cochlearia 
officinalis,  with  large  and  strongly-reticulated  pods.  On  the  other 
hand,  a  variety  of  the  same  species,  approaching  var.  alpina  (Bab.), 
was  gathered  on  the  Great  Blasket. 

Landing  on  the  Blaskets  on  Friday,  July  16th,  I  left  on  the 
following  Tuesday  afternoon,  having  visited  all  the  islands,  except 
Beginish,  which  is  flat  and  small  in  area,  and  of  little  interest.     Alto- 

*  Proceedings,  Dub.  Nat.  Hist.  Soc,  vol.  ii.  p.  173. 
*  Proceedings,  Bub.  Nat.  Hist.  Soc,  vol.  i.  p.  82. 
*  Fide  Mr.  A.  G.  More,  who  discovered  Roccella  tinctoria  in  tlie  Isle  of  "Wight, 
».  I.  A.  PROC,  SEE.  II.  TOL,  III. — SCIENCE.  2  H 
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gether  174  species,  according  to  the  London  Catalogue  of  British  Plants, 
7th  edition,  were  gathered,  and  specimens  of  most  of  thera  dried  for 
examination.  This  includes  Spergularia  rupestris,  a  very  common 
coast  species,  which  I  gathered  only  on  the  Skelligs,  and  which  was 
probably  overlooked  on  the  Blaskets.  Of  the  174  species,  162  were 
noticed  on  the  Great  Blasket.  The  other  islands  were  examined  only 
with  a  view  to  detect  species  not  noticed  on  the  largest  island,  and 
the  list  of  species  for  each  is  incomplete.  Innishtooskert  is  so  barren 
that  it  is  seldom  referred  to  in  my  list,  and  I  have  not  indicated  it  by 
a  separate  letter,  as  in  the  case  of  the  other  islands. 

Five  distinct  groups  of  islands  have  now  been  examined  on  the 

west  coast  of  Ireland.  Professor  E.  P.  "Wright,  in  1866,  and  !Mr. 
H.  C.  Hart  in  1869,®  visited  the  Arran  Islands,  in  Gal  way  Bay.^ 
Mr.  A.  G.  llore,  in  1875,  visited  with  me  Bofin  Island,  county  IMayo.* 
Tory  Island,  county  Donegal,  was  visited  in  1877  by  myself;^  and 
Mr.  H.  C.  Hart,  in  1879,  visited  Aran  Island,  county  Donegal.^" 

"We  may  now  add  the  Blasket  Islands  to  the  number ;  and  as  these 
local  lists  ai'e  valuable,  not  only  for  the  sake  of  comparison  with  the 
portions  of  the  mainland  respectively  opposite  each  island,  but  also 
with  each  other,  I  have  thought  it  desirable  now  that  we  have  five 
groups  to  compare  for  the  first  time,  to  draw  out  in  a  tabular  form 
a  list  of  species  which  shows  at  a  glance  all  the  plants  which  have 
been  recorded  from  the  five  groups,  as  well  as  the  islands  on  which 
they  occur,  and  from  which  they  are  absent. 

The  areas  of  the  five  groups,  with  the  number  of  species  recorded 

from  (and  compared  with  each  other)  peculiar  species,  are :  — 

Arran  Islands,  Gal-way 

Aran  Island,  Donegal, 

Innisi.'bofin,    . 

The  Blasket  Islands, 

Tory  Island,  . 

Acres. Total 

species. 
Peculiar 

species. 

10781 372 
130 

4355 232 23 

2312 303 

36 1560 174 8 

785 

145 
1 

6  "Notes  on  the  Flora  of  the  Islands  of  Arran,"  Proceedings,  Duh.  Nat.  Sist, 
Soc,  vol.  V.  p.  96. 

'  A  List  of  Plants  found  on  the  Islands  of  Arran,  Galway  Bay.  Hodges, 
Foster,  &  Co.     DubUn.     1875.     Ax^d.  Journal  of  Botany,  1%'b, -p.  \l\. 

8  Proceedings,  Poyal  Irish  Academy,  2nd  series,  vol.  ii.  (Science)  p.  553  ;  and 
Journal  of  Botany,  1876,  p.  373. 

9  Journal  of  Botany,  toI.  viii.  (new  series)  p.  263,  September,  1879. 
^°  Journal  of  Botany,  vol.  x.  (new  series)  p.  19,  January,  I88I4 



Barrington — On  the  Flora  of  the  Blasket  Islands.      373 

The  eight  species  peculiar  to  the  Blaskets,  and  -which  have  not 
been  observed  on  any  of  the  other  islands,  are — 

Cardamine  sylvatica.  Lnzula  sylvatica. 
Lychnis  githago.  Carex  disticha. 
Stellaria  graminea.  ,,      pilulifera. 
Scilla  nutans.  Hymenophyllum  unilaterale. 

The  occurrence  of  Luzula  sylvatica  in  abundance,  and  SciUa  nutans 
in  tolerable  plenty  on  a  marine  cliff  on  the  west  coast,  is  certainly 
unusual.  Carex  disticha  grows  on  the  summit  of  the  Great  Blasket 
(Croaghmore),  961  feet. 

That  there  should  be  130  species  on  the  Arran  Islands,  in  Galway 
Bay,  not  recorded  from  any  of  the  other  groups,  is  due  to  its  much 
larger  and  more  diversified  surface  as  well  as  its  limestone  forma- 
tion. 

There  are  only  seventy-two  species  which  occur  on  all  the  islands. 
The  following  plants,  observed  on  the  Blaskets,  belong  to  Mr.  H.  C. 

Watson's  "Atlantic  Type"  :— 
Lavatera  arborea.  Crithmum  maritimum. 

Sedum  anglicum.  Scirpus  Savii. 
Cotyledon  umbilicus.  Hymenophyllum  unilaterale. 
Saxifraga  umbrosa.  Nephrodium  semulum. 

One  species,  Koeleria  cristata,  is  new  to  district  No.  1  of  the  Cybele 
Hibemica. 

Plants  which  elsewhere  are  certainly  native  appear  to  be  intro- 
duced on  the  Blaskets,  as  they  are  confined  to  the  cultivated  ground 

or  its  neighbourhood. 
Though  scanty,  the  flora  of  the  Blaskets  is  not  without  interest. 

The  extreme  westerly  position  of  these  islands  and  their  situation  off 
the  coast  of  Kerry,  with  their  genial  climate  and  characteristic  vege- 

tation, make  a  list  of  their  species  useful,  as  affording  materials  for  a 
comparison  with  the  other  island  floras,  which  the  tabular  catalogue 
will,  I  trust,  prove  useful  in  facilitating. 

LIST    OP    THE    PLANTS    POUND    ON    THE    BLASKET 
ISLANDS. 

B  after  a  species  signifies  Great  Blasket ;  V,  Innislivicillane  ;  N,  Innishnabro ; 
T,  Tearaght;  S,  SkelHgs. 

Those  certainly  introduced  are  marked  *,  those  possibly  introduced  t,  those 
probably  %. 

EAimiTCTJXACE  AE . 

Ranunculus  flammula  (Linn.)     B. 
Ranunculus  repens  {Lvan.)    Not  common.    B.  V. 
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FmrAKTACEAE. 

XFumaria  confusa  (Linn.)    A  colonist  among  crops.    B. 

Cettctfeeae. 

CaMIe  maritma  (Scop.)     On  the  small  strand.     B. 
tSinapis  arvensisiLmn)     B.   )  ̂^^^^^^^  ̂   cultirated  land. \JBrassica  napus  (Linn.)     B. 
Cardamine pratensis  (Linn.)     In  one  or  two  places  on  the  north  side. 

B. 

Cardamine  syhatica  (Link.)     IS'orth  side.     B. Cochlearia  officinalis  (Linn.)    Very  fine  on  the  Great  Skellig,  the  pods 
being  large  and  much  reticulated ;  on  the  other  hand,  a  small 
form  found  on  the  Great  Blasket  approaches  yar.  aVpina  (Bab.) 
B.  S. 

\Capsella  Bursa-pastoris  (Moench.)    I  believe  introduced.    B.  V. 

V10LA.CEAE. 

Viola  pahistris  (Linn).     Common.     B.  Y. 
Viola  syhatica  (Fries.)     Great  Blasket,  north  side.     B.  N. 

POLXaALACEAE. 

Polygala  vidgaris  (Linn.)     Common.     B.  Y. 

[^Folyyala  depressa  ("Wender).     I  believed  to  have  been  gathered  also, 
but  no  specimen  "was  preserved]. 

C  AETOPHTLIACEAE . 

Silene  maritima  ("With.)     Common.     B.  S.  Y. 
Lychnis  Flos-ciiculi  (Linn.)    Only  seen  on  the  north  side  on  the  Great 

Blasket.     B.N. 

*Lyc'hms  Githago  (Lam.)    Among  com;  a  colonist.     B. Cerastium  tetrandrum  (Curt.)     Common.     B.  S.  N.  T. 
Cerastium  triviale  (Link.)     Common.     B. 
Cerastium  arvense  (Linn.)     Yar.  Andreicsii  (Syme).     Common  on  the 

three  islands,  and  the  only  form  observed.     B.  Y.  N. 
Stellaria  media  (With.)     B.  Y. 
Stellaria  graminea  (Linn.)     Bare  ;  only  in  one  spot.     B. 
Sonketieja  peploides  (Ehrh.)     Only  on  the  strand.     B. 
Sagina  maritima  (Don.)     Frequent.     B.  S. 
Sagina procumhens  (Linn).     Common.     B.  Y. 

\Spergula  arve7isis  {lArm.)    Among  com;  the  form  without  papillae 
on  the  seeds.    B. 
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Sperguhria  negleda  (Kindb.)     Eare.     Y. 
Spergularia  rupestris  (Lebel.)  I  have  no  specimen  from  the  Blaskets, 

but  it  may  have  been  overlooked.     S. 

POETUIACACEAE. 

*  Montta  fontana  (Lhm.)    Eare.    B. 

HrPEEICACEAE, 

Hypericum  pulchrum  (JAmy.)    ]!^orth  side.     B. 

Maitaceae. 

^Lavatera  arlorea  (Linn.)  This  plant  occurs  only  on  Innishnabro  and 
the  Tearaght.  The  former  island  is  uninhabited.  Only  one  or 
two  specimens  were  observed  on  Innishnabro  ;  on  the  Tearaght 
several.  It  is  such  a  doubtful  native  on  our  coasts  that  I 

have  hesitated  to  admit  it  as  indigenous  even  on  these  wild 
islands ;  but  it  may  be  so.     N.  T. 

LiNACEAE. 

Radiola  millegrana  (Sm.)  Yery  diminutive  and  difficult  to  find.  I 
observed  it  only  on  the  south  side  in  one  or  two  spots.     B. 

LEGTmiNrFEEAE. 

AntTiyllis  vulneraria  (Linn.)     Not  common.     B.  Y. 
\Trifolium  pratense  (JAnn).     Probably  introduced  by  cultivation.     B. 
Trifolium  repens  (Linn.)     Common.     B.  S.  N. 
Lotus  corniculatus  (Linn.)     Common.     B.  Y, 
Vicia  Cracca  (Linn.)     Scarce.     B. 
Vicia  septum  (Linn.)    Not  noticed  on  Great  Blasket.     Y. 
Lathy rus  pratensis  (Linn.)     Uncommon.     B. 

EOSACEAI;. 

\Alchemilla  arvensis  (Scop.)    Eare,  and  a  doubtful  native. 
Potentilla  Tormentilla  (Schenk.)     Plentiful.     B.  N. 
Potentilla  anserina  (Linn.)     Common.     B.  Y. 

Ruhus  discolor  ("W".  &  N.)  There  is  but  one  diminutive  bramble  on the  Great  Skellig  growing  out  of  a  crevice  in  the  rock  near  the 
summit,  714  feet.  It  is  well  known  to  the  light-keepers  as 

the  "  only  Blackberry  on  the  Skelligs."  There  are  two  or  three 
bushes  on  the  Great  Blasket  and  on  Innishvicillane.  Species 
supposed  to  be  B.  discolor,  but  not  determined  satisfactorily. 
B.  Y.  S. 
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Lttkriceah. 

Lythrum  Salicaria  (Liim.)     Scarce.     B. 
PepUs  Portula  (Lirm.)     In  one  spot.     V. 

Onageacead. 

Epilohium  olscurum  {Sdhieb.)    Near  tlie  village.    B. 

Haloeagiaceae, 

CallitricJie  plafycarpa  (Kutz.)     Common.     B.  Y. 

Ceassitlaceae. 

Sedum  anglicum  (Huds.)  On  tlie  Great  Skellig  this  species  is  very 
abundant.  On  the  S.  W.  face  it  forms  dense  mats  several 

yards  across,  to  the  exclusion  of  every  other  plant,  and  "when 
in  full  bloom  the  odour  of  the  flowers  is  perceptible  at  a  consi- 

derable distance  in  the  direction  of  the  wind.     B.  S.  IS". 
Cotyledon  Umlilicus  (Linn.)  Abundant.  I  did  not  see  Sedum  Rho- 

diola,  which  might  have  been  expected.     B.  S.  jS". 

Saxcfeagaceae. 

Saxifraga  timlrosa  (Linn.)  Common  on  the  north  cliffs  of  the  G-reat 
Blasket.  Sparingly  on  Innishvicillane  cliffs,  facing  the  Great 
Blasket.  I  did  not  meet  with  any  form  of  Saxifraga  Geum. 
{See  observations,  page  370.)     B.  Y. 

TJiEBELtrFEEAE. 

Sydrocotyle  vulgaris  (Linn.)     Common.     B.  Y. 
Crithnum  maritimian  (Linn.)     Scarce.     B.  Y. 
Angelica  sylvestris  (Linn.)     As  elsewhere  on  the  west  coast  of  Ireland 

and  Scotland  a  characteristic  plant  of  the  cliffs,  but  not  as 
plentiful  as  I  have  noticed  it  further  north.     B.  Y. 

'^Seracleum  s]phondylium  (Linn.)     Only  near  houses.     B. 
Daucus  Carota  (Linn.)     B. 

Aealiaceae. 

Seder  a  Helix  (Linn.)  Only  near  the  strand.  No  form  approaching 
the  Irish  Ivy.     B. 
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Ettbiaceae. 

Galium  verum  (Linn.)     Banks  near  the  strand,     B. 
Galium  saxatile  (Linn.)     Common.     B. 

XGalium  Aparine  (Linn.)     A  colonist.     B.  V. 

Valeeianaceae. 

Valeriana  officinalis  (Linn.)     Only  on  the  northern  face  in  one  spot 
with  S cilia  nutans.     B. 

COMPOSITAE. 

Carduus  lanceolatus  (Linn.)     Native,  I  believe.     B.  Y. 
]Carduus  arvensis  {Qiwxt.)     Possibly  introduced.     B. 
Arctium  intermedium  (Lange.)     B.  Y. 
Centaiirea  nigra  (Linn.)  Probably  not  native  on  the  Skelligs.  B.  S.  Y. 
Matricaria  inodora  (Linn.)     Yar  maritima  (Bab.)     B.  S. 
Achillea  Millefolium  (Linn.)     J^ot  common.     B.  Y. 

\Artemesia  vulgaris  (Linn.)     A  colonist ;  near  the  houses.     B. 
Gnaphalium  uUginosum  (Linn.)     B. 

\SenGcio  vulgaris  (Linn.)     Near  a  garden.     Y. 
Senecio  Jacobcea  (Linn.)     Plentiful  on  Innishnabro,  forming  yellow 

patches  ;  growth  stunted.     B.  N. 
Bellis  perennis  (Linn.)     B. 
Solidago  Virga-aurea  (Linn.)    B. 
Tussilago  Far  far  a  (Linn.)     B. 

\Lapsana  communis  (Linn.)     Only  near  houses.     B. 
HypocTiaris  radicata  (Linn.)     Near  the  village.     B. 
Leontodon  autumnalis  (Linn.)  )  -d  i-i.    v         j      -d   tt 
T     J.  J        4.         T  ±-     •  ,o         \\  Both  observed.     B.  Y. 
Leontodon  autumnalis,  -yox.pratensis  (Syme.)  ) 
XTaraxacum  officinale  (Wigg.)     Near  the  cottage  ;  not  noticed  on  Great 

Blasket.     Y. 

■\Sonchus  oleraceus  (Linn.)     B.       "]  All  three  perhaps  introduced — the 
,  \Sonchus  asper  (Hoffm.)     S.  Y.     [      last  a   colonist  among  corn  and 
XSonchus  arvensis  (Linn.)    B.         )      potatoes. 

Campanuiaceae. 

Jasione  montana  (Linn.)    Plentiful.    B.  S.  Y. 

Eeicaceae. 

Vaccinum  Mtjrtillus  (Linn.)    Common  on  the  northern  face.     B. 
Erica  Tetralix  (Linn.)     Not  uncommon.     B.  Y. 
Erica  cinerea  (Linn.)     Plentiful.     B.  N. 
Calluna  vulgaris  (Salisb.)     B.  N* 
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Gentiakaceae. 

ErythrdBO,  Centaurium  (Pers.)    Pasture  near  tlie  village.     B. 

ScEOPHtTLAEACEAE. 

^Veronicapolita  CFries.)     B.     |  Colonists,    near   houses   and    potato 
■f  Veronica  arvensis  (Linn.)     B.  )      gardens. 
Veronica  serpyllifolia  (Linn.)    Looks  native.     B. 

Euphrasia  officinalis  (Linn.)      !N"ot  the  fleshy  and  compact  form  I have  noticed  on  Achill  Island,  Mayo  ;  and  also  on  the  Island  of 
Stafla,  Scotland.     The  specimens  were,  however,  small.    B.  Y. 

\Bartsia  Odontites  (Huds.)     B.  V. 
Pedicularis  sylvatica  (Linn.)     Frequent.     B. 

Labiatae. 

Thymus  Serpyllum  (Fries.)     Frequent.     B.  Y. 
Prunella  vulgaris  (Linn.)     Common.     B.  Y. 
Stachys  palustris  (Linn.)     B. 
Galeopsis  Tetrahit  (Linn.)     Eoofs  of  thatched  houses,  &c.     B. 

%Lamium  amplexicaule  (Linn.)     B.      ]  All  colonists  in  potato  gardens 
XLamium  incisum  (y^illdi.)     B.  >      and  among  corn ;  Z.  a»J^/m- 
XLamiuyn purp)ureum  (Linn.)     B.  Y.   )      caAde  rare. 
Teucrium  Scorodonia  (Linn.)     Thoroughly  exposed  on  the  slopes  of 

the  Great  Blasket  and  Innishnahro  to  Atlantic  storms.     B.  N. 

BOKAGINACEAE. 

■\MyosoUs  arvensis  (Hoffm.)    Near  cultivation.    B.  Y. 

PEHrcriACEAE. 

Primula  vulgaris  (Huds.)     On  the  cliffs  of  the  Great  Blasket  only, 
growing  in  exposed  situations.     B. 

Anagallis  arvensis  (Linn).     Far  from  cultivation  on  the  uninhabited 

island  of  Innishnahro.     B.  ̂N". 
Anagallis  te?iella  (Linn.)     Common.     B.  Y. 

Plumbagin-aceae. 

Armeria  maritima  (Willd.)     Common.    B.  S. 
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PlANTAGINACEAE, 

XPlantago  major  (Linn.)  "With.  Trifolium  pratense  in  pastures  ;  a  doubt- ful native.     B. 

]Plantago  lanceolata  (Linn.)    B.  S.  N. 
Plantago  mariUma  (Linn.)     Strange  to  say  this  very  common  species 

is  not  marked  off  in  my  list  as  occurring  on  the  Blaskets.     It 
must  be  abundant,  and  I  have  therefore  inserted  it.    B.  S. 

Plantago  coronopus  (Linn.)     B.  S. 

Chen-qpodiaceae. 

Suaeda  maritima  (Dum.)     Only  noticed  on  the  Tearaght  Rock,  and 
at  a  considerable  elevation,  probably  400  feet  above  the  sea, 
on  the  rocky  face  of  the  cliff.     T. 

Beta  maritima  (Linn.)     Not  seen  on  the  Great  Blasket ;  abundant  on 

the  SkeUigs.     S.  JS". XChenopodium  album  iJAxm.)     Among  crops.     B. 
XAtriplex  angmtifolia  (Sm.)     As  in  Boffin,  I  did  not  meet  with  A. 

hastata  (Linn.)     B. 
Atriphx  Balingtonii  (Woods.)     On  the  high  margins  of  the  cliffs  up 

to  400  feet  above  the  sea.    B.  S.  V. 

POLTGONACEAE. 

\Rumex  oUusifolius  (Auct.)    B.  V. 
iRumex  crispus  (Linn.)     B. 
Rumex  Acetosa  (Linn.)     B.  S.  V.  N. 
Rumex  Acetosella  (Linn.)    Very  luxuriant  on  the  northern  face  of  the 

Great  Blasket  among  sheltered  rocks.     B. 
Polygonum  aviculare  (Linn.)     B. 
Polygonum  Persicaria  (Linn.)     B.  V. 

Empeteaceae. 

Empetrum  nigrum  (Linn.)  In  one  place,  about  700  feet  above  the 
sea  on  the  northern  cliffs.  Procured  only  by  dislodging  the 
specimen  with  stones.     B. 

Etjphoebiaceae. 

XEuphorhia  Helioscopia  (Linn.)     Sparingly  among  crops.     B. 
R.  1.  A.  PKOC,  8ER,  II.  VOL.  III. — SCIENCE.  2  I 
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TJe-ticaceae. 

^•Urtica  dioica  (Linn.)     Only  near  houses,  and  on  the  borders  of  culti- 
Yated  ground.     B. 

Oechidaceaj;. 

Orchis  maculata  (Linn.)     Rare — in  one  spot  only  on  the  southern 
slope.    B. 

LiLIACEAE. 

Scilla  nutans  (Sm.)  Only  on  the  north  side,  growing  among  rocks 
on  the  cliffs,  with  Primula  vulgaris,  Valeriana  oficinalis, 
&c.     B. 

Jtjncacbae. 

Lunula  sylvatica  (Beck.)     Plentiful  on  the  northern  cliffs.     B. 
Lu%ula  multiflora  (Koch.)     Common.     B.  I^. 
Junais  conglomeratus  (Linn.)     B.  V. 
Juncus  lamprocarpus  (Ehrh.)     B. 
Juncus  supinus  (Moench.)     Common.     B.  V. 
Juncus  lufonius  (Linn.)     Y. 
Juncus  squarrosus  (Linn.)     Hilly  pastures.     B. 

CrPEBACEAE. 

Scirpus  setaceus  (Linn.)     Prequent.     B. 
Scirpus  Savii  (S.  &  M.)     Less  common.     B. 

Eriophorum  angust'ifoUum  (Roth.)     Frequent.     B.  V. 
Car  ex  disticha  (Huds.)     Only  on  the  highest  portion  of  the  Great 

Blasket.     B. 

Carex  stellulata  (Good.)     Common.     B.  V.  N. 
Carex  vulgaris  (Fries.)     Common.     B. 
Carex  glauca  (Scop.)     North  of  the  village.     B. 
Carex pilulifera  (Linn.)     Frequent.     B. 
Carex panicea  (Linn.)     Common.     B.  Y. 
Carex  linervis  (Sm.)     Abundant.     B. 
Carex flava  (Linn.)     Yar.  Upidoca/rpa  (Tausch.)     Sparingly.     B. 
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Gkamtneae. 

Anthoxanthum  odoratum  (Linn.)    Frequent.     B.  1^. 
Agrostis  canina  (Linn.)     Eare.     B. 
Agrostis  alba  (Linn.)    Plentiful.     B.  S.  V. 

Agrostis  vulgaris  ("With.)     Common.     B. Aira  cartjophjUea  (Linn.)    B. 
Aira  jpraecox  (Linn.)     B. 
Avena  elatior  (Linn.)     B.  V. 
Solcus  lanatus  (Linn.)     On  the  Great  Skellig  and  Tearaght  this  grass 

grows  very  luxuriant.     B.  S.  V. 
Triodia  decamhens  (Beauv.)     Common.     B.  V. 
Koehria  cristata  (Pars.)     Shore  near  the  village.     B. 
Sderochloa  loliacea  CWoods.)     Sandy  strand  near  the  village.     B. 
Poa  annua  (JAmi.)     B. 
Poa  pratensis  (Linn. )     B . 

\Poa  trivialis  (Linn.)     B.  V. 
Bactylis  glomerata  (Linn.)     B. 
Festuca  sciuroides  (Both.)     B. 
Festuca  ovina  (Linn.)     B.  V. 
Festuca  rubra  (Linn.)     B.  Y.  T. 

\Bromus  mollis  (Linn.)    Eare,  and  possibly  introduced.     B. 
Triticum  repens  (Linn.)     B. 

Triticurn  junceum  (Linn.)     JS^ear  the  strand.     B. 
^'Lolium perenne  (Linn.)     Eelic  of  cultivation.     B. 
Nardus  stricta  (Linn.)     Plentiful.     B.  Y. 

PmcEs. 

Symenophyllum  unilaterale  (Willd.)     On  the  northern  cliffs  among 
loose  rocks.     B. 

Pteris  aquilina  (Linn.)     Common.     B.  Y, 
Lomaria  spicant  (Desv.)     B. 

Asplenium  nwjrinum  (Linn.)     JS'o  specimens  from  the  Blaskets,  but  I believe  it  was  observed.     S. 

Asplenium  Adiantum  nigrum  (Linn.)     Frequent.     B. 
Athyrium  Filix-foemina  (Bernh.)     Common.     B.  Y. 
Nephrodium  dilatatum  (Desv.)     Frequent.     B.  I!^.  Y. 
Neplirodium  (Bmulum  (Baker.)     Not  uncommon.     B.  If. 
Polypodium  vulgare  (Linn.)     Scarce.     B.  N. 
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List  of  Plants  rouNB  on  the  following  Islands: — 

Tory  Island,  Co.  Donegal. 
Aran  Island,  Co.  Donegal. 
Innishtofin  Island,  Co.  Mayo. 

Arran  Islands,  Galway  Bay. 
Blasket  Islands,  Co.  Kerry. 

(See  page  372,  foot-notes.) 

List  of  Plants. 

Tory. North 

Aran. Bofin. South Arran. 
Blaskets  • 

Thalictnim  minus,        .... 4 

Eanunculus  tridiophyllus. — — 3 4 — 
,,          Baudotti,   . 1 — 3 — — 
,,          heterophyllus, — — — 4 — 
,,          hederaceus. 1 2 g 4 — 
,,          flammula,  . 1 2 3 4 5 

„          lingua. — — — 4 — 
, ,          acris, 

— 2 3 4 — 
,,          repens, 1 2 3 4 5 

, ,          biilbosus, — 2 3 4 — 
Caltha  palustris,   . — 2 — — — 
Aquilegia  vulgaris, — — — 4 — 
Nuphar  lutea, — — 3 — — 
Papaver  dubium, — — — 4 — 
Glaucium  luteum, — — — 4 — 
Fumaria  pallidiflora, — — 3 4 — 

,,       confusa. 
— — . 3 — 5 

, ,       officinalis. 
— — 4 — 

Caldle  maritima, — 2 3 4 5 
Crambe  maritima, — — — 4 — 
Rhaphanus  Eapbanistrum, — — 3 4 — 

, ,          maritimus, 
— — 3 4 — 

Sinapis  arvensis,  . 1 — 3 — 5 

,,        alba. 
— — 3 4 — 

„        nigra, — — 3 4 — 
Brassica  Napus,    . 1 — 3 5 

Sisymbrium  officinale, 
— — 3 4 — 

„            Alliaria, — — — 4 — 
Hesperis  matronalis, — — — 4 — 
Matthiola  sinuata. — — — 4 — 
Cardamine  pratensis. — — 3 4 5 

,,         hirsuta, 
— 2 — 4 — 

, ,         sylvatica, 
— — — — 5 

Arabis  cUiata, — — — 4 — 
,,      hirsuta. 

— — — 4 — 
Barbarea  vulgaris. — — — 4 — 
Nasturtium  officiaale. — 2 3 4 — 

,,          palustre. 
— — — 4 — 

Cochlearia  officinalis, 1 — — 4 5 

, ,         danica, 
— — 3 4 — 

Draba  vema, — 2 — — — 
Thlaspi  arvense,   . 

— — — 4 — 

Capsella  bursa-pastoris, 1 3 4 5 
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List  of  Plants. 
Tory. North 

Aran. Bofin. 
South 
Arran. 

Blaskets. 

Senebiera  didyma,        .... 
_ _ 3 _ _ 

,,         Coronopus,     . 
— — 3 4 — 

Reseda  lutea, — — — 4 — 
„      Luteola,    . 

— — _ 4 — 
Helianthemum  guttatum, 

— — 3 — — 
„              camim, 

— — — 4 — 
Viola  palustris,     . 

— 2 3 4 5 

,,      hirta, 
— — — 4 — 

„      sylvatica,    . 1 — 

3  , 

4 5 

, ,     canina, 
— — 3 — — 

, ,      tricolor, 
— 2 — 4 — 

,,     Cuxtisii, 
— — — 4 — 

Drosera  rotundifoUa, — 2 3 — — 
Polygala  vulgaris, 

— — — 4 5 

,,        depressa, 1 2 3 — 5 
Silene  ioflata, — — — 4 — 

,,      maritima,  . 1 2 3 4 5 

Lynclinis  Flos-cucuU, 
— — 3 — 5 

,,         Githago, 
— — — — 5 

Cerastium  tetrandrum, 1 2 3 — 5 

,,        glomeratum, 
— 2 3 4 — 

,,        triviale. 1 2 3 4 5 
,,        arrense  (Andrewsii), 

— — — 4 5 
Stellaria  media,    . 1 2 3 4 5 

,,        gramiTiea, 
— — — — 5 

,,        tiliginosa. 
— 2 — — — 

Arenaria  serpyllifolia, 
— 3 4 

Honkeneja  peploides, 
— 2 3 4 5 

Alsine  vema, — — — 4 — 
Sagiaa  maritima, 1 — — 4 5 

, ,      apetala,     . 
— 2 — 4 — 

,,       procumbens, 1 2 3 4 5 
,,       subulata,  . 

— — 3 4 — 
,,      nodosa. — — 3 4 — 

Spergula  arvensis, 1 — 3 — 5 
Spergularia  neglecta, 1 2 3 4 5 

,,          rupestris. 1 2 g 4 5 
Montia  f  ontana,    . 1 2 3 5 
Elatine  bexandra, 3 
Hypericum  Androssemum,     . — — 3 4 — 

,,           tetrapterum. — — 3 4 — 
,,           bumifusum, — — 3 4 — 

,,           pulcbrum. 
— 2 3 4 5 

,,           elodes, — 3 — — 
Lavatera  arborea, 4 5 
Malva  sylvestris. — — 3 4 — 
Eadiola  millegrana, 1 2 3 — 5 
Linum  catbarticiun, 2 3 4 
Geranium  sanguineum, — — — 4 — 

,,        molle,    . — 2 3 4 — 
,,        dissectiim, — — 3 4 — 
,,        lucidum, 4 — 
, ,        Eobertianum, — 2 3 4 — 
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List  of  Plants. 
Tory. North 

Aran. 
Bofin. South 

A.rran. Blaskets. 

Erodium  cicutarium,      .... 2 3 4 

, ,       moscliatum, 
— — — 4 

OxaKs  Acetosella, — 2 3 

Ilex  Aquif  olium, 
— — — 4 

Euonymus  europseus, 
— — — 4 

Ehamnus  catliarticus, — — — 4 — 
Ulex  europaeus,     . — 2 — — 

„    Gallii, 
— — 4 — 

Anthyllis  viilneraria, 
— 2 3 4 5 

Medicago  lupiilina, 
— — — 4 

Trif  oliiun  pratense, 1 2 3 4 5 
, ,        medium, — 2 — — — 
„        arvense, 

— — — 4 

,,        repens, 1 2 3 4 

•5 

, ,        proeumbens, 
— — — 4 — 

, ,        minus, 
— 2 3 4 

Lotus  corniculatus, 1 2 3 4 5 

„      major, 
— — — 4 — 

Astragalus  hypoglottis, 
— — — 4 — 

Vicia  Cracca, 

1. 

2 3 4 5 

„     sepium, 
— 2 3 4 5 

, ,     sativa. 
— — 3 — — 

,,     angustifolia. 
— — 3 

LathjTus  pratensis, 
— — 3 4 5 

Prunus  spiaosa,    . — — 3 4 — 
Spirgea  lllmaria. 

— 2 3 4 — 
Agrimonia  Eupatoria, 

— — 3 4 — 
Poterium  Sanguisorba, — — — 4 ■ — 
AlchemiUa  arvensis, — 2 — 4 5 

,,          vulgaris. 
— — — 4 — 

Potentilla  Tomieiitilla, 1 2 3 4 5 

,,         proeumbens. 
— — 3 — — 

,,         reptans, 
— 2 3 4 — 

,,         anserina. 1 — 3 4 0 

Comarum  palustre. — — 3 — — 
Fragaria  vesca, 

— — — 4 — 
Eubus  discolor,     . — 2 3 4 5 

,,       tbyi'soideus, 
— — 3 — 

,,       carpioifoUus, 
— — 3 — 

,,       vilUcaulis, 
— — 3 — — 

,,       cassius. 
— — — 4 — 

, ,       saxatOis,   . 4 

Geum  urbanum,   . — — — 4 — 
Eosa  canina, — — 3 4 — 

„      spinosissma, 1 2 3 4 — 
Cratsegus  Oxyacantba, 

— — — 4 — 
Lytbrum  Salicaria, 1 2 3 4 5 

Peplis  Portula,     . 1 2 3 — 5 

EpUobium  hirsutum. 
— — — 4 ^ 

,,          parviflorum 
— — 3 4 — 

,,          montanum. — 2 3 4 _. 
,,          obscurum, — — 3 4 5 

,,         palustre, 
— 2 3 — — 
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List  of  Plants. 
Tory. North 

Aran. 
Bofin. South 

Arran. Blaskets. 

Circsea  lutetiana,            .... 4 

Myrioplayllmn  altenuflorum, 1 2 3 4 — 
Hippurus  Tulgaris, — — — 4 

Callitriche  vema, 1 2 3 4 

„          platycarpa, 
1 2 3 — 5 

,,          hamulata, — 3 

Sedum  Ehodiola,  . — 2 — 4 

,,       anglicum, 1 2 3 4 5 

,,       acre, — 2 3 4 

Cotyledon  Umbilicus,    . 
— — — 4 5 

Sasifraga  umbrosa, — — 3 — 5 

,,        tridactylites, 
— — — 4 — 

,,         hirta,    . 
— 2 — 

,,         bypnoides,     . 
— — — 4 — 

Hydrocotyle  yulgaris,  . 1 2 3 4 5 
Sanicula  europsea, — — — 4 — 
Eryngium  maritimiun,  . — — — 4 — 
Apium  graveolens, — — — 4 
Helosciadiuin  nodiionmi, 1 2 4 

,,            inimdatum, — — 3 4 .   
PimpineUa  magna, — — — 4 — 
-^gopodium  Podagraria, — 2 — — .   
^tbusa  Cynapium, — — — 4 

Ligusticum  scoticum,    . 1 — . — 4 

Critb-mum  maritimiim, 
1 — 3 4 5 

Angelica  sylvestris, 1 2 3 4 5 
Patsinaca  sativa,  . — — — 4 

Heraclenm  Spbondylium, 1 2 3 4 5 
Daucus  Carota, 1 2 3 4 5 
ToriKs  Antbiiscus, — 4 

,,     nodosa. — — 4 

Cbseropbyllum  Antbriscus, 
— — — 4 

,,            sylvestre, 
— — — 4 

Conium  maculatum, — — 3 4 .   
Smymium  olusatrum,   . 

— — — 4 

Hedera  Helix, 1 2 3 4 5 
Comus  sanguinea, — — 4 

Sambucus  nigi-a,  . 
— — 3 4 

„         Ebulus, — 4 

Viburnum  Opulus, — 4 

Lonicera  Periclymenum, 1 2 3 4 — 
Rubia  peregrina,  . — — — 4 — 
Galium  boreale,    . — — — 4 

1          .,      verum, 
— 2 3 4 5 

,,      saxatile,    . 
— 2 3 5 

,,      sylvestre,  . 
— — — 4 

,,      palustre,    . 
— — 3 4 

,,      Witberingii, 1 — 3 — 
,,      Aparine,   . 

— — 3 4 5 

Asperula  cynancbica,    . 
— — — 4 

Sberardia  arvensis, —   .   . 4 
Valeriana  officinalis. 4 5 
Valeiianella  oUtoria, — — — 4 
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List  of  Plants. 
Tory. North 

Aran. Bofin. South Arran. 
Blaskets. 

Scabiosa  succisa,  ..... 1 2 3 4 _ 
Silybum  Marianum, 

— — — 4 — 
Carduus  tenuiflonis, — — — 4 — 

,,        nutans,    . 
— — — 4 — 

,,       lanceolatus, 1 2 3 4 5 

,,       palustris, 
— 2 3 — — 

,,       pratensis, 
1 2 — — — 

,,       arvensis, 1 2 3 4 5 

Carlina  vulgaris,   . 
— — — 4 — 

Arctium  minus,     . — 2 — — — 

,,        intermedium,  . 1 — g 4 5 

Centaur ea  nigra,  . 1 2 3 4 

5    ' 

„         Scabiosa, 
— — 3 4 — 

Cbrysantbemum  segetuau, 1 2 3 4 — 
„            Leucanthemum, — 2 3 4 — 

Matiicaria  inodora. 1 2 3 4 5 

Tanacetum  vulgare, 
— — — 4 — 

Achillea  Millefolium,    . 
— 2 3 4 5 

,,        Ptarmica, 
— 2 3 4 — 

Artemisia  AbsintHum,  . — — — 4 — 

,,         vulgaris. 
I 2 3 4 5 

Filago  germanica, 
— — — 4 — 

GnaphaUum  uliginosmn, 1 2 3 4 5 

,,          dioicum, 
— 2 — 4 — 

Senecio  vulgaris,  . 1 2 3 4 5 

,,       sylvaticus. 
1 2 3 — — 

,,       Jacobsea, 1 2 3 4 5 

,,       aquaticus, 1 2 3 4 — 
Inxila  dysenterica, 

— — 3 4 

■ — EeUis  perennis,     . 1 2 3 4 0 

Aster  TripoHum,   . 
— — 3 4 — 

Solidago  Virga-am-ea,    . 
1 2 3 4 5 

Tussilago  Farfara, 
— 2 3 4 5 

Eupatorium  cannabinum. 
— — — 4 — 

Lapsana  communis. 
— 2 3 4 5 

Hypocbseris  radicata,    . 
1 2 3 4 5 

Leontodon  Mrtus, 
— — 3 — — 

,,          autumnalis. 1 2 3 4 5 

Taraxacimi  officinale,    . 1 2 3 4 5 

Soncbus  oleraceus, 1 2 3 4 5 

,,        asper, 1 2 3 4 5 

„        arvensis, 
— 2 3 3 5 

Crepis  virens, 
— 2 — 4 — 

Hieracium  PiloseUa, 
— 2 3 4 — 

,,          anglicum,    . 
— — — 4 — 

Lobelia  Dortmanna, 
— 2 3 — — ■ 

Jasione  montana, 1 2 3 — 0 

Campanula  rotundifolia, 
— 2 3 4 — 

Vaccinium  MyrtiUus,  . 
— 2 — — 5 

Arctostapbylos  TJva-iu'si, 
— 2 — — — 

Erica  Tetralix,      . 
— 2 3 — 5 

,,      cinerea, 1 2 3 4 5 

Calluna  vulgaris, 1 2 3 4 5 
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List  of  Plants. 
Tory. North 

Aran. 
Bofin. Soutli Arran. 

Blaskets. 

Fraxinus  excelsior,       .... 4 

Erythraea  Centaurium, 1 2 3 4 5 

Chiora  perfoliata, . 
— — — 4 — 

Gentiana  vema,    . — — — 4 — 

,,        campestris, 
— 2 3 4 — 

Menyanthes  trifoliata,  . 
— 2 3 4 — 

ConvolvTilus  arvensis, — — — 4 — 
,,            sepium, 

— 2 3 4 — 
„            Soldanella, 

— — — 4 — 
Solanum  dulcamara, 

— — — 4 — 
Verbascum  thapsus, 

— — — 4 — 
Scropliularia  aquatica, 

— — 3 — — 

,,           nodosa. 
— — — 4 — 

Digitalis  purpurea, 
— 2 — — — 

Linaria  vulgaris,  . 1 — — — — 
Veronica  hederif  oUa,    . 

— 2 — 4 — 

,,       polita,    . 
— — 3 — 5 

„       agrestis, 
— — 3 4 — 

,,        ai-vensis. 
— — 3 4 5 

,,        serpyllifolia, 
— 2 — 4 5 

,,        officinalis, 
— 2 — 4 — 

,,        Chamaedrys, 
— 2 3 4 — 

,,        Anagallis, 
— — 3 4 — 

, ,       Beccabunga, 
— — 3 4 — 

Euphrasia  officinalis, 1 2 3 4 5 

Bartsia  odontites, 1 2 3 4 5 

Pedicularis  palustris, 
— — 3 4 — 

„          sylvatica. 
— 2 3 4 5 

EMnantbus  Crista- galL J 
1 2 3 4 — 

Orobanche  Hederse, 
— — — 4 — 

Lycopus  europseus. 
— — 4 — 

Mentha  aquatica. 
— — 3 4 — 

„         arvensis. 
— — — 4 — 

Thymus  serpyllum. 1 2 3 4 5 

Calamintha  officinalis, 
— — — 4 — 

Nepeta  Glechoma, 
— — — 4 — 

Prunella  vulgaris, 1 2 3 4 5 

Scutellaria  minor, — — 3 — — 
Marrubium  vulgare, 

— — — 4 — 

Stachys  palustris, 
1 2 3 4 5 

,,        sylvatica. 
— — — 4 — 

,,       arvensis, 1 — 3 4 — 
Galeopsis  Tetrahit, 

— 2 3 4 5 

Lamium  amplexicaule, 1 — — — 5 

,,        intermedium. 1 2 — — — 

,,        incisum, 1 2 — — 5 

,,       purpureum,     . 
1 2 3 4 5 

Ajuga  reptans. 
— — — 4 — 

,,       pyramidalis, 
— — — 4 — 

Teucrium  Scorodonia,  . 
— — 3 4 5 

Lithospermum  officinale. 
— — — 4 — 

Myosotis  csespitosa. 1 2 3 — — 

,,         palustris,         .... 
4 

I.  A.  PSOC,  SEE.  II.  VOL.  III. — SCIENCE. 

2K 
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List  of  Plants. 
Tory. North 

Aran. Bofin. 
South Arran. Blaskets. 

Myosotis  repens,   2 _ _ _ 

,,        arvensis, 1 2 3 4 5 

,,         versicolor, — 4 

Symphytum  officinale, . 
— — — 4 

-     i 

Pinguicula  vulgaris, 
— — 3 — — 

,,           lusitanica, - — 3 — — 

TJtricularia  minor, — — 3 — — 

Primula  vulgaris, — 2 3 4 5 

Lysimachia  nemonim, 
— — — 4 — 

AnagaUis  arvensis. 
— 2 3 4 5 

,,         tenella, 1 2 3 4 5 

Centunculus  minimus,  . — — 3 — — 

Glaux  maritima,   . 1 2 3 4 — 

Samolus  valerandi, — — 3 4 — 

Armeiia  maritima. 1 2 3 4 5 

Statice  occidentaUs, 

•'     — 

— — 4 — 

Plantago  major,    . 

1       1 

2 3 4 5 

,,        lanceolata, 1 2 3 4 5 

,,         maritima, 1 2 3 4 5 

,,         coronopus. 1 2 3 4 5 

Littorella  lacustris, 1 2 3 4 — 

Suseda  maritima,  . — — — 4 5 
Salsola  Kali, — 2 3 4 — 

Salicomia  herbacea. — — — 4 — 

Beta  maritima, 1 2 — 4 5 

Chenopodium  album,    . 1 2 3 4 5 

Atiiplex  littoralis. 
— — — 4 — 

,,         angustifolia, 1 2 3 4 5 

„         erecta,   . 
— 2 3 — — 

,,         deltoidea, 
— 2 — — — 

,,         Babingtonii, 1 2 3 — 5 

Rmnex  conglomeratus, 
— — — 4 — 

,,      obtusifolius, 1 2 3 4 5 

,,      crispus,    . 
1 — 3 — 5 

„      Acetosa,    . 1 2 3 4 5 

,,      Acetosella, 1 2 3 4 5 

Polygonum  convolvulus. 
1 — 3 4 — 

,,         aviculare,   . •     1       1 2 3 4 5 

,,          Rail,  . 
— — 4 — 

,,          Hydropiper, 
— 2 3 4 — 

, ,          Persicaria, 
— 2 3 4 0 

, ,          ampbibium. 1 — 3 4 — 

Empetrum  nigrum. 1 2 3 — 5 

Euphorbia  Helioscopia, 
— 2 3 4 5 

„          Paralias, 
— — — 4 — 

„          portlandica, 
— — — 4 — 

„          Peplus, 
— — — 4 — 

Parietaria  officinalis,     . — — — 4 — 

TJrtica  dioica, .     1       1 2 3 4 5 

,,       urens. 1 2 3 4 — 

Humulus  Lupulus, — — — 4 — 

Quercus  robur. 

•     1 

2 — 4 — 

Corylus  aveUana, 

1       

2 4 
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List  of  Plants. 
Tory. North 

Aran. 
Bofin. South Arran. Blaskets. 

Alnus  glutinosa,    ..... 2 
Betula  alba, — 2 — — — 
Myrica  Gale, 

— 2 3 — — 
Popiilus  alba, — — — 4 — 

,,       tremula, 
— 2 3 — — 

Salix  viminalis,     . — 3 4 

„      Smitbiana, — — 3 — — 
„      cinerea, — 2 — — — 
,,      aurita, — — 3 — — 
,,      caprea, — — — 4 — 
,,     repens, 1 2 3 4 — 

Juniperus  communis,    . — — — 4 — 
,,        nana,    . 

— 2 3 — — 
Sparganium  affine, 1 — 3 — — 

,,          minimum, 
— 2 — — — 

Arum  maculatum, — — — 4 — 
Lemna  minor, — 2 3 4 — 
Potamogeton  natans,     . — — 3 4 — 

, ,           polygonif  olius, 
1 2 3 — — 

,,           pusillus,   . 
— — 3 — — 

, ,           pectinatus, 
— — 3 4 — 

Zostera  marina,     . — 2 3 4 — 
Triglocbin  palustre, 1 — 3 4 — 

„          maritimum. 
— — — 4 — 

Alisma  ranunculoides,  . — — — 4 — 
Orchis  pyramidalis, 

— — — 4 — 
,,       mascula,    . 

— — — 4 — 
,,       maculata,  . 1 2 3 — 5 

Gymnadenia  conopsea, — — — 4 — 
Habenaria  viridis, — — — 4 — 
Spirantbes  autnTnTialis, 

— — — 4 — 
Iris  Pseud -acorus. 1 2 3 4 — 
Narcissus  biflorus, — — — 4 — 
Allium  Babingtonii, — — 3 4 — 
Scilla  nutans, — — — — 5 

Nartbecium  ossifragum. — 2 3 — — 
Eriocaulon  septangulare, 

— — 3 — — 
Lu2ula  sylvatica, 

— — — — 5 

,,       campestris. 
— — — 4 — 

,,        multifiora, 1 2 

.3 

5 

Juncus  maritimus, — 2 — 

— ,- 

— 
,,        conglomeratus. 

,1 

— 3 — 5 

,,        effusus,     . 
— 2 3 4 — 

,,        acutiflorus, 1 — 3 4 

,,       lamprocarpus,    . 
— — 3 — 5 

,,        supinns,    . 1 — 3 — 5 

,,        bufonius, 1 2 3 4 5 

,,        Gerardi,    . 1 — 3 — — 
,,        compressus, — 2 — — — 

,,        squan-osus, 
— 2 3 — 5 

Scbcenus  nigricans, 1 — 3 4 — 
Ebynchospora  alba. — — 3 — — 
Scirpus  palustris. 1 2 3 — — 
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List  of  Plants. 
Tory. 

North Aran, 
Bofin. South 

Arran. 
Blaskets. 

Scirpus  multicaulis,      .... 1 2 3 _ 
„       fluitans,    . — — 3 — — 
„       Savii, 1 2 3 4 5 
„      setaceus,  . — — — 4 5 
,,       lacustris,  . — — — 4 — 
,,       maritimus, — 2 — 4 — 

Eriophorum  angustifolium, — — 3 — 6 
Carex  pulicaris,    . — — 3 — — 

,,     disticha, 
— — — 5 

,,     arenaria,     . 
— 2 3 4 — 

,,      vulpina,     . 
— — — 4 — 

,,      stellulata,  . — 2 3 — 5 

„     vulgaris,     . 1 2 — — 5 

„     glauca, 
1 2 3 4 5 

,,      pilulifera,  . 
— — — — 5 

,,     prsecox, 
— 2 3 — — 

,,     panicea, 
— — 3 — 6 

,,     binervis,     . — 2 3 — 5 

,,      distans, 2 3 4 — 

,,      extensa. 1 2 3 — — 

,,     flava. 
— — 4 — 

,,      lepidocavpa, — — 3 — 5 

,,      cederi, 1 — — 4 — 
,,     ampuUacea, 

— — 3 — — 
Anthoxanthum  odoratum, 1 2 3 4 5 

Digraphis  arundinacea, — — — 4 — 
Alopecurus  geniculatus, 1 — — 4 — 

,,          pratensis,    . 
— 2 — — — 

Phleum  pratense, — — — 4 — 
,,        arenarium, — — — 4 — 

Sesleria  caerulea,  . — — — 4 — 
Agrostis  canina,    . 1 2 3 4 6 

J,       alba. 1 2 3 4 5 

,,        vulgaris, 2 3 4 5 
Psamma  arenaria, — — 3 — — 
Calamagrostis  Epigejos, — — 3 4 — 
Phragmites  communis, 1 2 3 4 — 
Aira  csespitosa,     . — 2 — 4 — 
,,      flexuosa. 

— 2 3 — — 
,,      caryophyllea, — 2 3 4 5 

,,      prsecox, 
1 2 3 4 5 

Avena  f  atua. — — 3 — — 

,,      elatior, 2 3 4 6 
Holcus  lanatus,    . 1 2 3 4 5 
Triodia  decumbens, 1 2 3 — 6 
Kceleria  cristata,  . 3 — 5 
Molinia  cserulea,  . — 2 3 4 — 
Catabrosa  aquatica, — 2 — — — 
Glyceria  fluitans. 1 2 3 4 — 

,,        plicata,  . 
— — 3 — — 

Sclerocliloa  maritima,  . — 2 — 4 — 
„          rigida, — — — 4 — 
,,          loliacea,      .        .        ,        . 1 — 3 4 5 
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List  of  Plants. 
Tory. North 

Aran. Bofin. 
South 
Arran. 

Blaskets. 

Poa  annua,   2 3 4 5 

,,   pratensis, 
1 — 3 4 5 

,,    trivialis, 1 — 3 — 5 

Cynosurus  cristatiis, 
— 2 3 4 — 

Dactylis  glomerata, 
— 2 3 4 5 

Festuca   sciuroides, — — 3 — 5 

,,         ovina,     . — 2 3 4 5 

,,         rubra, 1 — 3 4 5 

,,         elatior,    . — — 3 — — 
„         pratensis, 

— — 3 4 — 
Bromus  sterilis. — 2 — — — 

,,       mollis. 1 2 3 4 5 

Brachypodium  sylvaticum, — — 3 4 — 
Triticum  repens,    . 1 2 3 4 5 

,,        juuceum, 
— 2 3 4 5 

LoHum  perenne,    . 1 — 3 4 5 

,,       temulentum, — — 3 — — 
Elymus  arenarius. — 2 — — — 
Nardus  stricta, 1 2 3 5 

Hymenophyllum  unilaterale, 
— — — — 5 

Adiantum  Capillus-Veneris, 
— — — 4 — 

Pteris  aquilina, 1 2 3 4 5 

Lomaria  spicant,  . 1 2 3 4 5 

Asplenium  Euta-muraria, 
— — 3 4 — 

,,          Trichomanes, — — — 4 — 
„          marinum,     . 1 2 3 4 5 

,,          adiantum  nigrum — 2 3 4 5 

Athyrium  Filix-fcemina, 1 2 3 — 5 

Ceterach  officinarum, — — — 4 — 
Scolopendrium  vulgare, — — — 4 — 
Aspidrum  angulare, — — — 4 — 
Nephrodium  Filix-mas, 

— 2 3 — — 
,,            dilatatum. 1 2 3 4 5 

,,            semulum. — 2 3 5 

Pol3rpodium  vulgare,     . 
— 2 3 4 5 

Osmunda  regalis, — 2 3 — — 
Isoetes  lacustris,   . 2 

,,       ecHnospora, — — 3 — — 
Equisetum  arvense. — o 3 — — 

,,          hyemale. — — — 4 — 
,,         limosum, — — 3 — — 
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LXI. — On  the  BoTiNT  or  the  G-aitee  MoTrNTAiNs,  Co.  Tippeeaiiy. 
By  Henjit  Chichestee  Haet. 

[Read,  February  14,  1881.] 

Havhtg  received  a  grant  from  the  Eoyal  Irish  Academy,  in  1880,  to 
enable  me  to  examine  the  Botany  of  the  Galtee  Mountains  I  beg  to 

lay  the  following  results  before  the  Academy  : — 
Upon  the  3rd  of  August  I  reached  Tipperary,  and  the  following 

day  commenced  the  detailed  exploration  of  the  mountains.  My  visit, 
owing  to  rough  weather,  was  later  than  I  had  intended ;  but  the 
flowering  season  was  not  very  far  advanced  when  I  arrived,  and  having 
spent  six  days  upon  the  range,  I  do  not  think  it  likely  that  many 
plants  of  interest  escaped  my  notice. 

The  Galtee  range  extends  for  about  fifteen  miles,  from  Caher  at 
the  eastern  to  Massy  Lodge  at  the  western  extremity.  These  moun- 

tains form  a  long  ridge,  intersected  by  no  transverse  valley,  and 
sloping  with  tolerable  evenness  to  the  plains  on  the  south,  while 

they  descend  with  abrupt  declivities  and  a  series  of  cliff-girt  tarns  to 
the  Yale  of  Aherlow  upon  the  north.  This  ridge,  which  maintains  an 
elevation  of  above  2500  feet  for  eight  or  nine  miles,  and  reaches  its 
greatest  height  (3015  feet)  at  Galtymore,  about  the  centre  of  the 
range,  forms  an  accurate  boundary  for  the  alpine  vegetation  of  the 
range.  Upon  the  slopes  descending  southward,  though  starting  from 
the  summit,  I  met  with  no  alpine  or  northern  type  plants ;  all  these, 
which  form  its  chief  botanical  interest,  lie  on  the  northern  face  of  the 
mountains. 

The  geological  structure  of  this  backbone  of  the  Co.  Tipperary  is  of 
Silurian  age,  with  overlying  beds  of  Old  Red  Sandstone  conglomerate, 
reaching  to  the  summit  at  Galtymore.  The  Silurian  beds  are  chiefly 
a  series  of  clayey  and  micaceous  shales  and  slate,  which  form  con- 

siderable precipices  upon  the  northern  side,  overhanging  and  nearly 
surrounding  several  mountain  lakes.  To  these  favoured  spots  the 
alpine  vegetation  of  the  mountain  is  almost  entirely  confined. 

As  we  go  from  east  to  west,  we  meet  with  four  of  these  lakes, 

namely — Lough  Curra  (1850  feet);  Lough  Diheen,  "Tanyagh"  of 
the  natives  (1800  feet);  Lough  Borheen  (1700  feet);  and  Muskry 
Lough  (1500  feet),  the  numbers  after  each  representing  their  esti- 

mated height  above  sea-level.  Of  these.  Lough  Curra  is  the  most 
interesting  to  botanists,  as  well  as  being  the  easiest  of  access  ;  the 
cliffs  descend  from  about  1000  feet  above,  sheer  into  the  water,  and 
around  its  shores  several  alpine  plants  grow  luxuriantly.  Lough 

Diheen  is  the  most  remote,  and  the  scenery  ai'ound  it  is  very  imposing : 
this  lake  and  its  shores  are  quite  devoid  of  vegetation — on  one  side 
lies  a  terminal  moraine, the  relic  of  an  ancient  glacier;  the  water  is  of 
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an  intensely-dark  hue ;  and  the  sombre  colouring  of  the  lofty  cliffs 
above  give  quite  an  arctic  character  to  the  scene. 

In  order  to  point  out  to  a  botanical  friend  the  chief  points  of  inte- 
rest \;pon  the  Galtee  Mountains,  I  would  ask  him  to  accompany  me 

upon  a  long  and  arduous  walk,  from  Massy  Lodge  at  the  western 
extremity  of  the  range  to  Caher  at  the  east,  and  to  visit  on  our  way 
each  of  the  lakes  and  the  cliffs,  slopes,  and  river  beds  upon  either 
side. 

At  about  700  or  800  feet  above  sea-level  cultivation  has  ceased  to 
affect  the  flora,  and  we  no  longer  meet  Avith  any  species  introduced 
by  the  agency  of  man.  If  we  ascend  Thumpadour,  2570  feet  on 
Ordnance  Map,  my  botanical  friend  will  be  no  doubt  much  disap- 

pointed at  not  gathering  a  single  plant  of  interest.  To  the  east 
of  this  summit  lies  a  considerable  depression,  so  that  this  first  point 
is  an  isolated  outlier  of  the  range.  Encouraged  by  this  reflection 
we  cross  this  valley,  and  ascend  Corrig-na-binnian,  2712  feet.  On 
the  way  up,  Saxifraga  stellaris  is  met  with ;  and  on  the  northern 

bluffs,  below  the  summit,  S.  hirta  (vars.  affinis  and  platt/petala),  a  cha- 
racteristic plant  of  these  mountains,  may  be  seen.  On  the  northern 

side  of  this  summit  there  is  a  considerable  valley,  Glan-cush-na- 
binnian,  in  which,  at  about  1500  feet  below  the  summit,  Meconopsis 
cambrica  may  be  gathered ;  it  grows  here  in  several  places  by  the 
stream  above  Stone  Park.  Here,  too,  we  find  Scolopendrium  vulgare, 
a  couple  of  plants  by  a  waterfall,  the  only  place  it  appears  to  occur 
on  the  mountains ;  Carex  ovalis  also  grows  in  this  valley,  elsewhere 

met  with  only  at  Lough  Muskry,  and  below  Lough  Curra.  Ad- 
vancing eastward  from  the  last  summit  to  the  heights  above  Lough 

Curra,  and  descending  about  200  feet  on  the  north  of  the  ridge,  we 
may  gather  Symenopliijllmn  tunbrigense ;  and  on  cliffs  a  little  below 
the  point  marked  2544  feet  on  the  Ordnance  Map,  about  half  a  mile 
west  of  Lough  Curra,  we  first  meet  with  Asplenium  viride  and  Cysto- 
pteris  fragilis.  These  two  ferns  become  abundant  and  luxuriant 
around  and  above  Lough  Curra.  In  one  place  here,  too,  grows  the 
rare  Arabis  petrcsa,  whose  only  previously-known  habitat  in  Ireland  is 
Glenade  Mountain,  in  Co.  Leitrim.  It  grows  here  in  small  quantities 
•upon  one  bluff,  facing  east  of  north,  at  an  altitude  of  about  2600  feet, 
above  and  to  the  west  of  Lough  Curra.  There  were  neither  flowers 
nor  pods  upon  this  scarce  little  crucifer,  but  a  comparison  with  living 
specimens  in  the  College  Botanic  Grardens  enabled  me  to  identify  the 
plant.  This  was  the  most  interesting  plant  observed  upon  the 
Galtees. 

Besides  the  species  already  named,  several  other  alpine  plants 
abound  around  Lough  Curra,  especially  at  and  for  about  100  feet 
above  the  lake — as  Oxyria  reniforrnds,  Sedum  RJiodiola,  Saxifraga  stel- 

laris, Cochlearia  officinalis  (var.  alpina),  and  in  smaller  quantities  Hie- 
racium  anglicum.  The  lake  itself  contained  no  aquatic  plants,  except 
Litorella  lacustris — not  even  Callitriche  hamulata.  These  cliffs  are 

more  alpine  in  character  than  those  around  the  other  lakes,  contain- 
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ing,  as  they  do,  the  greatest  number  of  alpine  and  the  smallest  of 
lowland  plants.  Lough  Curra  is  easy  of  access,  and  will  well  repay  a 
visit. 

From  here  we  will  make  a  descent  by  the  stream  from  the  lake  to 
the  borders  of  cultivation  at  about  750  feet,  noting  the  heights  at 
which  the  more  lowland  species  begin  to  appear,  and  reversing  the 
process  upon  our  return,  so  as  to  obtain  the  lower  limits  of  the  alpine 
species.  Upon  this  detour,  we  meet  with  Pinguicida  lusitanica  and 
Drosera  rotundifolia  sparingly,  in  one  place  at  an  altitude  of  850  to  900 
feet ;  these  were  not  met  with  elsewhere  upon  the  Galtee  range,  and 
the  rarity  of  plants  so  frequent  on  Irish  mountain  ranges  seems  un- 

accountable. The  results  of  these  observations  will  be  found  in  the 

appended  list ;  but  it  may  be  mentioned  here,  that  none  of  the  i.,lpine 
plants,  except  Saxifraga  stellaris,  descend  below  the  levels  of  the  cliff- 
bases,  corresponding  with  the  altitudes  of  the  lakes  given  above. 

Having  examined  the  attractive,  though  dangerous,  precipices  of 
Lough  Curra,  and  the  high  ground  above,  as  well  as  the  northern 
slopes  below,  we  will  take  a  botanical  survey  of  the  southern  descent 
towards  Mitchelstown.  Once  the  ridge  is  crossed  and  we  face  down- 

wards, we  meet  with  a  gradually-diminishing  mountain  flora  of  the 
commonest  type,  which,  as  far  as  my  observations  went,  contained  no 
remarkable  plant.  Pour  distinct  excursions  upon  this  southern  aspect 
of  the  Graltecs  led  me  to  this  conclusion  ;  we  will,  therefore,  resume 
our  course  at  Lough  Curra,  and  pursue  it  in  an  easterly  direction. 

Having  crossed  a  spur  running  north  from  Dawson's  Table  (Galty- 
more),  we  came  upon  Lough  Diheen  (1800  feet) — a  small  and  perfectly 
barren  tarn  sunk  in-  a  cradle  of  glacial  drift.  This  lake  is  about  three 
parts  surrounded  by  precipices,  which  do  not  quite  reach  the  water, 
and  is  fringed  with  piled  moraine  matter  in  a  barrier  about  20  to 
30  feet  high.  To  the  student  of  ice-action  this  lake  will  be  of  in- 

terest, but  to  explore  the  botany  we  must  scramble  up  amongst 
the  precipices.  Keeping  upward  towards  Galtymore,  and  examining 
the  different  ledges  on  the  faces  of  the  cliffs,  we  notice  merely  a 
diminution  in  the  flora,  and  find  nothing  of  much  interest  until  within 
about  400  feet  of  Galtymore.  Here  is  a  small  patch  of  the  rare 
Saussurea  alpina,  consisting  of  but  four  or  five  plants.  This  plant  has 
been  hitherto  known  only  from  two  places  in  the  Kerry  mountains, 

and  was  recently  rediscovered  by  me  in  the  Co.  Donegal.  "We  will leave  these  few  roots  undisturbed.  Many  lowland  plants  abound 
here  at  an  unusual  height.  Chrysos2)lenitim  oppositifolium  and  Ifontia 
fontana  are  very  plentiful  within  200  feet  of  the  summit,  and  Rhin- 
antliiis  Crista-gaMi  occurs  at  an  altitude  of  about  2400  feet.  As  we 
still  travel  east  from  Lough  Diheen,  and  examine  the  bases  of  the 
wet  bluffs  and  north-looking  cliffs,  we  again  notice  Asplenium  viride 
and  Oxyria  reniformis,  though  decreasing  in  quantity.  Saxifraga  Jiirta, 
vars.  genuina,  platypetala  and  affinis,  also  occur,  the  last  two  being 
the  most  abundant.  At  an  altitude  of  about  2600  feet  north  of 

Lough  Diheen,  Salix  herhacea  also  appears ;  it  occurred  previously 
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in  one  place  about  20  feet  below  the  summit  of  Galtymore,  and 
ranges  eastward  from  tbat  to  the  Muskry  cliff.  This  alpine  plant 
chooses  the  cracks  and  fissures  in  bare  and  wind-blown  summits, 
despising  the  moisture  and  shelter  which  the  others  seem  to  require. 

After  a  few  more  hours'  climbing  we  come  in  view  of  Lough  Borheen 
(1700  feet).  The  vegetation  around  this  lake  is  less  alpine  in  charac- 

ter than  that  of  the  others,  and  around  its  shores  many  fresh  lowland 
species  occur,  o,^  Bellis perennis,  TrifoUiim pratense,  T.  arvense,  Leontodon, 
Taraxacum,  &c.  At  the  northern  corner,  and  down  to  the  level  of  the 
lake,  Asplenium  viride  and  Saxifraga  hirta,  \aT.platypetala;  and  here, 
for  the  first  time,  we  gather  the  London  Pride  Saxifrage  [Saxifraga  um- 
hrosa),  which  is  a  truly  alpine  plant  upon  the  Galtee  range,  although 
it  does  not  extend  westward  to  Galtymore.  Eastward  of  Lough  Bor- 

heen it  becomes  abundant ;  near  this  lake,  too,  about  a  quarter  of  a 
mile  east,  we  find  Vaccinium  Vitis-idcea  for  the  first  time.  It  appears 
again  at  Lough  Muskry. 

Having  explored  this  coomb  and  its  surroundings,  we  will  pursue 
our  line  of  march,  keeping  along  the  high  ground  which  breaks  at 
length  into  the  magnificent  range  of  cliffs  above  Lough  Muskry.  I 
spent  a  long  day  climbing  amongst  their  numerous  clefts  and  ledges, 
the  cliffs  themselves  towering  to  a  height  of  about  1200  feet  in  vast 
verdant  walls  and  terraces  to  the  north  and  north-east  of  the  lake. 

With  the  exception  of  Arabis  and  Saussurea,  the  alpine  plants  re- 
appear here  in  great  profusion.  Two  rarities  seem  peculiar  to  these 

cliffs,  Thalictrum  minus  and  Geum  rivale,  occurring  up  to  2000  feet. 
The  most-finely  cut  leaved  form  of  Saxifraga  hirta  (i.  e.  var.  genuina) 
is  very  abundant  here,  forming  in  some  places  the  entire  green  sward 
at  the  base  of  the  cliffs.  Several  plants  also  reach  an  unexpected 
altitude  above  Lough  Muskry.  Carex  paniculata  grows  at  the  level 
of  the  lake  (15-00  feet),  and  above  it  to  a  height  of  1900  feet.  Other 
lowland  plants  not  before  gathered  occur  around  its  shores,  amongst 
which  a  remarkably  starved  form  of  Polygonum  hydropiper  may  be 
mentioned. 

"We  will  make  a  descent  from  here  into  the  Vale  of  Aherlow,  and 
Tepeat  the  same  observations  upon  the  upper  and  lower  limits  of  the 
two  groups  of  plants,  lowland  or  mountain.  On  this  part  of  the 
Galtees  we  gather  Sarothamnus  scoparius  and  Lastrea  cemula,  on  the 
borders  of  an  extensive  plantation,  at  about  800  feet  altitude.  The 
fern  is  scarce  on  the  Galtees,  but  it  occurs  also  on  the  southern  side  at 
about  1200  feet,  A  few  other  plants  of  no  special  interest  are  added 
to  the  list ;  and  bearing  upwards  and  to  the  east  again,  we  will  follow 
the  range,  down  to  Caher.  Along  the  crest  of  the  cliffs  above  Lough 
Muskry,  at  about  2600  feet,  JEmpefrum  nigrum,  Lycopodium  selago, 
Saxifraga  stellaris,  and  S.  umhrosa  occur  :  soon  these  latter  three  dis- 

appear, and  the  usual  mountain  plants  are  alone  to  be  met  with. 
The  eastern  extremity  of  the  range  is  very  barren  ;  some  points  and  a 
considerable  extent  on  their  flanks  being  entirely  free  from  vegeta- 

tion— a  desolate  waste  of  sandstone  and  conglomerate  dihris. 
R.  I.  A.  PKOC,  SER.  n.  VOL.  III. — SCIENCE.  2  L 



396  Proceedings  of  the  Royal  Irish  AcacUyny. 

At  Slieve  Anard  (1457  ieet),  Fteris  aqicilina  occurs,  about  100  feet 

belo-w  the  summit — a  remai'kable  altitude  for  this  fern  ;  and  at  1250 
feet  Vlex  Gallii  and  U.  ev.roj^ceus  appear  together — an  unusual  height 
at  which  to  meet  either  kind  of  furze.  Nothing  worthy  of  mention 
will  be  met  with  at  this  extremity  of  the  range,  which  descends 
gradually  into  the  plain  of  Tipperary. 

The  foregoing  is  a  sketch  of  the  ground  gone  over  and  obseira- 
tions  taken  during  six  consecutive  days,  which  I  divided  as  follows  : — 
First  day  (August  4) — From  Tipperary  to  Lough  Curra,  examined 
shores  and  clitfs  about  lake ;  reached  summit  of  Galtymore,  and 
walked  down  to  Mitchelstown.  This  day  it  never  ceased  pouring 
rain.  Second  day — From  llitchelstown  by  the  mountain  lodge  to  the 
ridge  above  Lough  Borheen,  making  many  detours  on  the  southern 
slopes ;  examined  shores  and  cliffs  of  this  lake,  and  travelled  west- 

ward along  cliffs  above  Lough  Diheen  to  a  further  examination  of 

Lough  Curra ;  walked  into  Tipperary.  Third  day — Up  by  Knock- 
moyle  and  other  summits  to  Lough  Diheen ;  cnmbed  cliffs  and  ravines 
to  the  north  of  the  lake,  and  along  ridges,  and  all  the  range  down  to 

]\rassy  Lodge  at  its  western  end,  home  to  Tipperary.  Fourth  day — Up 
to  Lough  Curra  again,  to  examine  some  ravines  not  previously  searched, 
and  then  explored  eastwards  along  the  range  to  Caher.  This  was  a 
dreadful  day  on  the  mountains ;  storm  and  rain  from  start  to  finish. 

Fifth  day — Up  the  northern  side  from  near  Castlemary  (about  half 
way  between  Tipperary  and  Caher),  through  an  extensive  plantation 
to  Lough  iluskiy ;  spent  the  day  amongst  the  precipices  there,  and 
had  much  severe  climbing ;  walked  into  Tipperary.  This  was  a  long 

and  successful  day's  work.  Sixth  day — Up  by  Stone  Park,  through 
Grlan-cush-na-binnian,  and  along  ridge  to  Loughs  Curra  and  Diheen, 
and  home  to  Tipperary ;  a  very  wet  afternoon,  and  there  seemed 
nothing  left  that  required  exploration ;  so  that  I  concluded  my  labours 
with  this  walk.  Thus  I  hope  that  I  explored  the  range  completely, 
with  the  exception  of  the  lowland  portions,  especially  on  the  southern 
side.  An  accident,  which  I  much  regretted,  was  the  breaking  of  my 
aneroid,  and  I  was  deprived  of  its  use  until  two  days  before  leaving. 
However,  on  the  last  day,  I  veiified  many  poiats  which  I  had  before 
estimated  from  the  heights  given  on  the  Ordnance  Map,  and  I  took 
many  observations  of  points  by  which  to  check  my  previous  notes.  I 

cannot  refi'ain  from  mentioning  here  what  a  misfortune  it  is  that  the 
southern  counties  are  not  marked  with  the  contoured  lines  of  eleva- 

tion on  the  Ordnance  Maps,  as  the  northern  are.  It  seems  very 

strange  that  at  present  there  is  no  means,  fi-om  any  map,  of  finding 
the  altitudes  of  such  well-defined  bases  for  observation  as  mountain 
lakes,  or  indeed  of  any  points  except  the  marked  summits.  There 
are  four  mountain  lakes  (some  of  considerable  size)  on  the  Galtee 
range,  and  yet  there  is  no  record  in  the  Ordnance  or  Geological 
Survey  Offices  of  the  heights  of  any  one  of  these  lakes  above  sea 
level.  This  was  a  condition  of  affairs  I  had  not  foreseen  ;  and  had  I 
known  I  was  to  be  entirely  dependent  upon  my  aneroid,  I  should 
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have  taken  care  to  have  provided  myself  with  a  spare  one.  Even  so, 
however,  some  authenticated  observations  by  the  officers  of  the  Survey 
would  be  desirable  as  a  check. 

In  summarizing  the  results  of  my  observations,  I  wish  first  to 
mention  that  my  friend  A.  Gr.  More  agrees  with  me  that  a  slight 
alteration  in  the  relative  boundaries  of  Districts  6  and  2  of  the  Cybele 
Hibernica  would  be  advantageous.  As  the  map  there  stands,  the 
Galtee  range  enters  into  both  these  districts ;  and  I  would  suggest 
that  the  part  of  District  6  which  includes  a  small  western  portion  of 
the  Galtee  range  be  joined  to  District  2.  The  road  running  south, 
from  Galbally  to  Ballyarthur,  would  form  a  good  natural  division,  and 
in  this  way  the  whole  Galtee  range  is  included  in  District  2.  A 
glance  at  the  map  will  show  that  this  is  a  natural  division. 

The  following  is  a  list  of  the  alpine  plants,  ten  in  number,  found 

upon  the  Galtees — all  of  these  belong  to  Watson's  Highland  type  :  — 

Arahis  petrcea.  Vaccinium  Vitis-idcea. 
Sedum  Rhodiola.  Oxyria  reniformis. 
Saxifraga  stellaris.  Salix  herlacea. 
Sieracium  anglicum.  Asplenium  viride. 
Saussurea  alpina.  Cochlearia  officinalis  (var.  alpina). 

This  alpine  flora  is  below  the  average  for  Irish  mountain  ranges, 
and  this  is  the  more  remarkable  when  the  elevation  of  the  Galtymore 
chain  is  considered.  In  fact,  with  the  exception  of  the  Wicklow 
mountains,  the  highest  point  of  which  is  a  few  feet  higher  than 
Galtymore,  the  Galtees  yield  the  poorest  flora  of  any  range  in  Ire- 

land. On  the  other  hand,  they  can  carry  up  many  lowland  species  to 
an  unusual  altitude.  Another  feature  in  the  flora  of  this  range  is 

worthy  of  notice — the  extreme  rarity,  or  entire  absence,  of  many 
common  Irish  mountain  plants.  It  is,  of  course,  unsafe  to  say  that 
any  species  not  observed  is  really  absent,  but  I  can  safely  say  that 
the  following  are  very  rare  or  wanting : — Brosera  rotundifolia,  Fin- 
guicula  lusitanica,  mountain  Hieracia  of  all  kinds,  Myrica  Gale,  Isoetes 
lacustris,  Antennaria  dioica,  Juniperus  communis.  Of  these,  the  last 
four  were  not  met  with  at  all. 

Of  Watson's  Scottish  or  IS'orthern  type  only  three  species  occur  : 
Thalictrum  minus,  Saxifraga  Jiirta,  Crepis  paludosa,  a  very  small  pro- 

portion of  the  Irish  species  (66).  But  this  might  have  been  expected, 
from  the  southern  position  of  the  locality. 

The  following  are  additions  to  District  2  of  the  Cybele  Hiber- 
nica : — 

Thalictrum  minus.  Pyrus  aucuparia. 
Arahis  petrcea.  Saussurea  alpina. 
Polygala  depressa.  Myosotis  repens. 

The  occurrence  of  Meconopsis  camhrica  and  Eieracium  anglicum 
upon  this  range,  as  giving  new  localities  for  two  rare  Irish  plants, 
although  each  had  one  previous  station  in  the  district,  is  important. 
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As  the  districts  stand  at  present,  Carex  ovalis  is  an  addition  to 
District  6,  but  I  prefer  to  include  it  in  District  2. 

There  are  three  tolerably  distinct  forms  of  Saxifraga  hypnoides  to 
be  met  with  on  the  Galtee  range.  Following  the  names  given  in 

Syme's  English  Botany,  these  seem  to  be  S.  hirta,  var.  genuina  and  var. 
affinis  and  S.  eu-hypnoides,  var.  platypetala.  All  may  be  met  with  in 
various  parts  of  this  range,  and  to  a  considerable  extent,  irrespectively 
of  altitude ;  but  S.  affinis  is  the  form  usually  to  be  found  at  the  greatest 
heights :  S.  platypetala  in  the  wetter  and  mossy  places  by  streams 

at  lower  levels  ;  while  >S'.  Mrta,  var.  genuina,  the  finest- cut  form  with 
bristle-pointed  leaves,  is  especially  characteristic  of  the  bases  of  the 
loftier  cliffs,  as  at  Lough  Muskry.  S.  Mrta  of  the  Galtees  is  much  less 

hairy  than  the  Donegal  plant  found  by  me  on  Aranmore ;  ^  but  in  other 
respects  they  are,  I  believe,  identical. 

My  experience  of  these  Irish  Saxifrages  and  of  the  innumerable 
arctic  forms  of  S.  ccespitosa  leads  me  to  believe  that  an  unbroken 
chain  from  the  extreme  forms  of  8.  hypnoides  to  those  of  S.  ccespitosa 
might  be  enumerated  which  would  defy  division.  But  it  is  unfor- 

tunately necessary  to  have  names  for  forms  belonging  to  different 
countries. 

In  conclusion,  I  have  to  acknowledge  my  obligations  to  Mr.  Back- 
house, who  kindly  examined  some  Saxifrages  and  Hieracia ;  and  to  my 

friend  Mr.  A.  Gr.  More,  who  has,  as  usvial,  afforded  me  every  assistance 
in  his  power. 

General  list  of  the  Plants  observed  on  the  Galtee  mountains,  ar- 
ranged in  descending  order.  This  arrangement  has  been  adopted  for 

the  convenience  of  comparison  with  other  mountain  ranges.  Special 
localities  or  other  remarks  will  be  found  given  in  the  introductory 
remarks.  The  alpine  and  most  characteristic  plants  are  printed  in 
italics. 

Summit  of  Galtymore. 

3015  feet. 

Galium  saxatile,  Linn.  Agrostis  vulgaris,  "With. Calluna  vulgaris,  Salisb.  Aira  flexuosa,  Linn. 
Rumex  Acetosella,  Linn.  Festuca  ovina,  Linn. 

3000  feet. 

Stellaria  uliginosa,  Murr.  Salix  herlacea,    Linn,   (to   2200 
Saxifraga  stellaris,  Linn,  (to  1200  feet). 
feet).  Luzula  sylvatica,  Beck. 

Chrysoaplenium  oppositifolium,  L.  Eriophorum  vaginatum,  Linn. 
Vaccinium  Myrtillus,  Linn.  Poa  annua,  Linn. 
Rumex  Acetosa,  Linn. 

^  See  Journal  of  Botany,  January,  1881. 
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2850  feet. 

Montia  fontana,  Linn.  Asplenium  viride,  Huds.  (to  1500 
Potentilla  Tormentilla,  Schenk.  feet). 

Cystopteris  fragilis,    Bernh.   (to  Lastrea  Filiz-mas,  Presl. 
1850  feet). 

2650  feet. 

Arabis  petraa,  Lam.  (in  one  place  only). 

2600  feet. 

Solidago  Virga-aurea,  Linn.  Oxyria  reniformis,  Hook,  (to  1500 
Saussurea  alpina,  D.  C.  (only  sta-  feet). 
tion).  Carex  stellulata,  Good. 

Empetrum  nigrum,  Linn.  Lycopodium  Selago,  Linn. 

2570  feet. 

Saxifraga  hirta  et  vars.  (to  700  feet). 

2500  feet. 

Banuculus  Flammula,  Linn,  Crepis  paludosa,  Moench. 
Cardamine  pratensis,  Linn.  Jasione  montana,  Linn. 
Cerastium  triviale,  Link.  Campanula  rotundifolia,  Linn. 
Epilobium  palustre,  Linn.  Juncus  squarrosus,  Linn. 
Sedum  Rhodiola,  D.  C.  (to   1850  Carex  vulgaris,  Fries. 
feet).  Lomaria  spicant,  Deov. 

Saxifraga  umbrosafJAnxi.  {toll  bO  Hymenophyllum      Tunbrigense 
feet.  Sm. 

Angelica  sylvestris,  Linn.  Lastrea  dilatata,  Presl. 
Leontodon  autumnalis,  Linn. 

2400  feet. 

Chseropliyllum  sylvestre,  Linn.  Euphrasia  officinalis,  Linn. 
Valeriana  officinalis,  Linn.  Carex  flava,  Linn. 

Rhinanthus  Crista-galli.  Polypodium  vulgare,  Linn. 
Melampyrum  pratense,    Linn. 

(Yar.  montanum). 

2200  feet. 

Vaccinium  Vitis-Idcm,  Linn,  (to     C.  binervis,  Sm. 
2000  feet).  Poa  pratensis,  Linn. 

Carex  ovalis,  Good.  Asplenium  Trichomanes,  Linn. 

i 
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2150  feet. 

Erica  cinerea,  Linn. 

2100  feet. 

Anthoxanthum  odoratum,  Linn. 

2000  feet. 

Thalictrum    minus,    Linn,    (only      Oxalis  Acetosella,  Linn. 
station).  Geum  rivale,  Linn,  (only  station). 

Coclilearia    officinalis,    Linn,     (to      Pyrus  aucuparia,  Gaert. 

Stellaria  media,  "With. 
Digitalis  purpurea,  Linn. 

1850  feet). 

Viola  palustris,  Linn. 
Hypericum  pulchrum,  Linn. 

Veronica  officinalis,  Linn. 

Sieracium  anglicum{to  1900  feet). 
Pedicularis  sylvatica,  Linn. 
Luzula  campestris,  D.  C. 

1950  feet. 

Pteris  aquilina,  Linn. 

1900  feet. 

Epilobium  montanum,  Linn. 
Scabiosa  succisa,  Linn. 

Primula  vulgaris,  Huds. 
Carex  paniculata,  Linn. 

1850  feet  (Lough  Curra  leyel). 

Stellaria  Hnolostea,  Linn.  Juncus  supinus,  Moench. 
Alchemilla  vulgaris,  Linn.  Agrostis    vulgaris,    var.    pumila, 
Litorella  lacustris,  Linn.  With. 

1800  feet. 

Eanunculus  Picaria,  Linn. 

1750  feet. 

Cardamine  hirsuta,  Linn. 

1700  feet  (Borheen  Lake  level). 

Eanunculus  repens,  Linn. 
E,.  acris,  Linn. 
Lychnis  diurna,  Sibth. 
Trifolium  repens,  Linn. 
Eubus  Idseus,  Linn. 
Callitriche  platycarpa,  Scop. 
Bellis  perennis,  Linn. 

Veronica  serpyllifolia,  Linn. 

Ajuga  reptans,  Linn. 
Prunella  vulgaris,  Linn. 
Lysimachia  nemorum,  Linn. 
Potamogeton  natans,  Linn. 
Carex  glauca,  Scop. 
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1600  feet. 

Geranium  Eobertianum,  Linn. 
Orobus  tuberosus,  Linn. 
Rubus  discolor,  W.  L.  IST. 
Crataegus  Oxyacantha,  Linn. 
Hedera  Helix,  Linn. 
Lonicera  Periclymenum,  Linn. 

Taraxacum  officinale,  "Wigg. Erica  Tetralix,  Linn. 
Teucrium  Scorodonia,  Linn. 
Salix  caprea,  Linn. 
Orchis  maculata,  Linn. 

1500  feet  (Muskry  Lake  level). 

Caltha  palustris,  Linn. 
Linum  catharticum,  Linn. 
Comarum  palustre,  Linn. 
Spirasa  Ulmaria,  Linn. 
Callitricbe  yerna,  Linn. 
Galium  uliginosum,  Linn. 
Tussilago  Farfara,  Linn. 
Senecio  vulgaris,  Linn. 
Myosotis  repens,  Don. 

Fragaria  vesca,  Linn. 

Stellaria  graminea,  Linn. 

Polygonum  Hydropiper,  Linn. 
Potamogeton  polygonif  olius,  Pour. 
Triglochin  palustre,  Linn. 
Nartbecium  ossifragum,  Huds. 
Juncus  acutiflorus,  Ebrh. 
Carex  prsecox,  Jacq. 
C.  ampullacea,  Good. 
Nardus  stricta,  Linn. 

1400  feet. 

Scolopendrium  vulgare,  Sm.  (only 
station). 

1350  feet. 

1300  feet. 

Meconopsis  cambrica,  Linn.,  big. 
(to  1200  feet). 

'Hypericum   Androssemum,  Linn. 
(only  station). 

Yeronica  agrestis,  Linn. 

1250  feet  (Slieve  Anard). 

Ulex  europseus,  Linn.  Ulex  Gallii,  Plancbon. 

Lychnis  Plos-cuculi,  Linn. 
Sagina  procumbens,  Linn. 
Lotus  corniculatus,  Linn. 
Yicia  cracca,  Linn. 

1200  feet. 

Sanicula  europsea,  Linn. 
Carduus  palustris,  Linn. 
Scirpus  setaceus,  Linn. 
Lastrea  aemula,  Brack. 
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Trifolium  pratense,  Linn. 

Hydi-ocotyle  vulgaris,  Linn. 
Senecio  aquations,  Huds. 
Pedicularis  palustris,  Linn. 

Drosera  rotundifolia,  Linn. 
Yicia  sepium,  Linn. 
Circaea  lutetiana,  Linn. 

1000  feet. 

Scii-pus  palustris,  Linn. 
Molinia  caerulea,  Moench. 
Equisetumsylvaticum,  Linn,  (only station). 

900  feet. 

"Veronica  scutellata,    Linn,  (only station). 

850  feet. 

Pinguicula  lusitanica,  Linn,  (only  station). 

800  feet. 

Yiola  sylvatica.  Fries. 
Polygala  vulgaris,  Linn. 
P.  depressa,  Wender. 
Lotus  major,  Scop. 
Sarothamnus  scoparius,  Kocli. 
Helosciadium  nodiflorum,  Koch. 
Senecio  jacobsea,  Linn. 
Hypochseris  radicata,  Linn. 

Plantago  lanceolata,  Linn. 
Anagaliis  tenella,  Linn. 
Juncus  effusus,  Linn. 
Juncus  bufonius,  Linn. 

Aira  csespitosa,  Linn. 
A.  caryophyllea,  Linn. 
Holcus  lanatus,  Linn. 

700  to  600  feet. 

Ranunculus  hederaceus,  Linn.  Rumex  nemorosus,  Schrad. 
Hypericum  humifusum,  Linn.  P.  aviculare,  Linn. 
Prunus  spinosa,  Linn.  And  many  weeds  of  cultivation. 
Gnaphalium  uliginosum,  Linn. 
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LXII. — On  Halos  ak-d  A^^ihelia.     By  Phuip  Buetois-. 

[Eead,  Xovember  30,  1880.] 

The  formation  of  those  luminous  circles  termed  halos,  and  of  the  other 

appearances  -which  sometimes  accompany  them,  is  now  nniversally  at- 
tributed to  the  action  of  icy  particles  suspended  in  the  air — an  opinion 

which  seems  to  have  been  first  entertained  by  Descartes,  and  was 
afterwards  established  by  Mariotte  and  Dr.  Young.  Of  all  these  ap- 

pearances, the  halo  of  22°  distance  from  the  sun  is  the  only  one  which 
occurs  frec[uently  in  these  countries ;  it  may  be  said,  indeed,  to  be  a 
very  common  phenomenon  usually  preceding  changes  of  weather.  Its 
formation  is  exemplified  by  bringing  filaments  of  hoar-frost  very  near 
the  eye  in  sunlight,  when  colours  corresponding  to  those  of  the  halo 
will  appear  at  the  same  elongation.  A  similar  circle  is  seen  less 

frequently  at  the  distance  of  46°  from  the  sun,  and,  according  to 
Cavendish,  is  produced  by  the  ends  of  the  crystals  when  they  are  re- 

gularly formecL  Parhelia,  or  "mock  suns,"  occasionally  occur  about 
the  places  where  these  halos  are  intersected  by  horizontal  and  vertical 
circles  passing  through  the  sxin ;  these  are,  also,  explicable  on  prin- 

ciples suggested  by  Mariotte.  But  other  halos  have  been  described 
which  are  not  so  easily  accounted  for.  Thus,  on  the  1st  of  December, 
1819,  Captain  Parry  observed  one  which  surrounded  the  moon  at  a 

distance  of  about  38°,  and  was  accompanied  by  paraselense,  and  it  does 
not  appear  evident  why  such  phenomena  should  occur  at  this  parti- 

cular elongation. 
On  the  6th  of  March,  1869,  I  observed  a  circular  halo  smaller  than 

any  of  the  preceding,  its  semi-diameter,  as  I  considered,  not  being 
greater  than  10°  or  12°.  Its  colours  were  in  the  usual  order,  the  red 
being  next  the  sun,  and  it  was  visible  for  more  than  two  hours.  It 
could  not  have  been  a  corona,  as  such  a  phenomenon  can  seldom  be 
seen  unless  when  reflected  from  water,  being  generally  too  faint  to  be 
otherwise  perceived,  whereas  in  the  present  instance  the  halo  was  very 

bright.  The  part  of  the  sky  where  it  occuri'ed  was  free  from  clouds, 
though  presenting  a  sort  of  hazy  appearance  ;  and  the  estimate  which 
I  made  of  the  diameter  of  the  circle  showed  it  to  be  about  half  that  of 

the  common  halo.  As  calculation  shows  that  prisms  of  ice  whose  bases 
are  regular  pentagons  would  produce  a  halo  similar  to  the  ordinary 

one,  and  at  the  distance  of  11°  46'  from  the  sun  (which  very  well 
agrees  with  the  estimated  position),  it  appears  very  probable  that  this 
circle  must  have  been  formed  by  such  crystals.  And  that  water  may 
sometimes  be  frozen  in  particles  of  that  shape,  I  have  no  doubt,  having 

on  one  occasion  seen  a  shower  of  hail  which  consisted  entii'ely  of  pen- 
tagonal prisms.  These  were  perfectly  formed,  of  a  whitish  colour,  and 

nearly  opac^ue,  and  were  remarkable  for  their  shortness  in  comparison 
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^ith.  tte  diagonals  of  tlie  bases,  thus  presenting  tlie  appearance  of  pen- 
tagonal plates. 

Some  varieties  of  cirrus  clouds,  though,  doubtless  composed  of  fi'ozen 
particles,  do  not  exhibit  halos.  These  are  of  a  whitish  colour',  and 
are  probably  more  or  less  opaque ;  sometimes,  also,  they  may  consist 
of  particles  having  a  globular  form  (like  small  snow  or  hail),  which 
would  explain  the  absence  of  coloured  rings.  During  a  balloon  ascent 

fi'om  Paris  in  1874,  MM.  Albert  and  Gaston  Tissandier  passed  through 
a  zone  of  ice  crystals  which  extended  through  a  depth  of  200  metres, 

and  presented  the  appearance  of  a  "  galaxy  of  Kttle  hexagonal  stars;" 
yet  as  no  colour-ed  cii'cles  are  mentioned  as  having  been  seen,  it  is  to 
be  presumed  that  they  were  not  visible.  In  this  instance,  therefore, 
the  crystals  must  have  been  either  partly  opaque  or  irregularly  formed. 

Ei-ight  specks  of  halo  appearing  at  a  greater  distance  from  the  sun 
than  the  parhelia  above  mentioned  are  called  anthelia.  These  are  of 
rare  occurrence,  and  though  I  looked  for  them  on  several  occasions 
which  I  thought  favourable  to  their  appearance,  I  have  not  discerned 
them  in  any  instance.  Three  positions  are  usually  assigned  to  them, 

the  fii'st  being  about  90°  from  the  sun.  In  reference  to  this  appear- 
ance Dr.  Young  says  :  •'  The  lateral  anthelia  may  be  produced  by  the 

rays  refi'acted  after  two  intermediate  reflections,  which  will  have  a 
constant  deviation  60°  greater  than  those  which  fonn  the  halo.  These 
anthelia  ought,  therefore,  to  be  about  82°  from  the  sun.  They  are, 
however,  usually  represented  as  much  more  distant."  The  explana- 

tion here  given  is  doubtless  correct ;  but  there  seems  to  be  a  mistake 

in  assigning  82°  as  the  distance  from  the  sun,  that  quantity  being  not 
the  greatest  deviation,  but  its  supplement.  If  x  and  z  be  the  angles 
made  by  the  incident  and  emergent  rays  with  perpendiculars  to  the 
respective  surfaces,  and  /=  the  refracting  angle  of  the  prism  (not  re- 

garding the  signs  of  the  angles,  and  supposing  also  that  in  the  progress 

of  a  ray  each  change  of  direction  is  made  from  one  sur-face  of  the  prism 
to  the  next  in  succession  which  is  inclined  to  it  at  an  angle  equal  to  /), 
then  the  deviation  after  two  refi'actions  and  two  reflections  will  be 

ZI -  (x  +  z).  For  hexagonal  prisms  this  becomes  180°  -  {x  ■\-  %),  the 
maximum  value  of  which  (corresponding  to  index  1-31)  is  98°  10'.  The 
part  of  the  light  which  is  cUfferently  reflected  does  not  form  an  anthelion. 

at  any  deviation  whatever.  Hevelius  and  others  have  given  90°  as  the 
distance  of  the  anthelia  observed  by  them ;  but  these  instances  are  not 
conclusive,  as  the  elongations  seem  to  have  been  merely  estimated,  and 
not  obtained  by  measuiTmlent. 

The  other  positions  of  the  phenomena  are  mentioned  in  the  follow- 

ing statement : — ''  The  anthelia  seem  to  be  referrible  to  two  refractions 
and  an  intermediate  reflection  within  the  same  crystal,  causing  a  de- 

viation of  about  120  -f  22  =  142° ;  and  sometimes  with  two  intermediate 
reflections  producing  an  angle  of  60  +  22  =  82°  only.  It  is  not  very 
easy,  however,  to  assign  a  reason  for  the  appearance  of  an  anthelion 
exactly  opposite  to  the  sun,  which  is  said  to  have  been  sometimes  seen 

in  the  horizontal  circle." — {Encyclojic^dia  Britannica,  vol.  vi.,  p.  645.) 
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Here  it  is  evident  that  the  deviation,  142°,  has  been  calculated  for 
rays  whose  paths  vrithin  the  crystals  make  equal  angles  with  the  sur- 

faces, but  no  reason  has  been  adduced  to  show  that  these  could  form 
an  anthelion  or  halo.  When  light  is  once  reflected  in  any  regular 

prism  (in  the  manner  before  mentioned),  the  deviation  is  180°  -  2/  + 
{x  +  %),  which,  since  in  this  case  %  is  always  equal  to  x,  reduces  to 

180°  -  2/+  2x.  Now,  as  this  quantity  must  vary  twice  as  fast  as  x, 
it  cannot  tend  to  become  constant  for  any  successive  values  thereof ; 
from  which  it  follows  that  there  cannot  be  at  any  point  such  a  spis- 
situde  of  the  homogeneous  rays  as  is  always  requisite  to  form  hales. 
Thus  it  appears  that  no  halo  or  anthelion  can  be  caused  by  light 
which  has  been  only  once  reflected. 

An  anthelion  not  differing  much  from  the  assigned  position  would 
be  produced  by  two  refractions  and  two  reflections  in  quadrilateral 

prisms  having  right  angles.  The  deviation  in  this  case  is  270°  -{x  +  z), 
which,  when  a  maximum,  gives  134°  16',  the  elongation  of  the  an- 

thelion formed  by  such  crystals ;  hence  it  appears  probable  that  the 
phenomena  seen  near  this  position  were  produced  by  rectangular 
prisms,  or  by  the  ends  of  the  usual  hexagonal  ones. 

If  the  colours  of  these  phenomena  were  observed,  their  order  with 
respect  to  the  sun  would  sufficiently  indicate  whether  they  were 
formed  by  rays  directly  transmitted,  or  after  two  reflections.  In  the 
former  case  it  is  evident  that  the  deviation  must  be  a  minimum,  and 
in  the  latter  a  maximum,  and  the  colours  of  the  reflected  anthelion 
will  be  the  reverse  of  those  usually  seen  in  halos ;  but  I  have  not 
found  them  described  in  any  instance. 

The  third  anthelion  which  appears  opposite  to  the  sun  has  not 
been  explained ;  but  it  seems  possible  that  a  phenomenon  of  this  kind 
may  sometimes  be  produced  by  part  of  the  light  which  has  been  twice 
reflected  in  rectangular  prisms.  If  at  each  change  of  direction  a  ray 
passes  from  one  surface  of  such  a  prism  to  the  next,  or  again,  if  the 

reflections  be  made  at  the  two  opposite  surfaces  which  are  adjacent  to 
that  at  which  the  light  was  first  incident,  the  deviation  will  be 
3/-  (a;  +  %)  as  before.  But  it  is  easily  seen  that  a  portion  of  the  light 
may  be  so  transmitted  that  after  the  second  reflection  it  will  again  fall 

2M2 
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•upon  the  surface  at  wluch.  it  entered  the  crystal,  the  rays  then  emerg- 
ing in  parallel  lines.  In  this  case  ib  is  evident  that  the  deviation  is 

constant,  and  "equal  to  180° ;  hence,  whatever  be  the  angle  of  incidence, 
the  light  will  return  in  the  same  direction,  and  thus  an  indefinite 
number  of  crystals  will  contribute  to  the  formation  of  an  anthelion 
opposite  to  the  sun.  This  may  happen  whether  the  principal  section 
of  the  prisms  be  square  or  oblong,  and  it  may  also  take  place  in  hexa- 

gonal prisms,  since  a  section  of  any  of  these  made  by  a  plane  perpendi- 
cular to  two  opposite  siu'faces  and  to  the  bases  will  have  the  form  of 

an  oblong.  But  as  the  position  of  the  anthelion  thus  formed  would  be 
at  or  near  the  antisolar  point,  it  could  only  occur  at  a  low  altitude ; 
hence  it  would  not  explain  the  appearances  which  have  been  seen  at 
considerable  heights.  Mr.  Barker  has  described  one  seen  near  Lake 

Superior,  which  had  an  altitude  greater  than  45°,  or  above  twice  that 
of  the  sun  {Pliilosopliical  Transactions  for  1787,  p.  44).  The  horizontal 
circle  which  was  in  that  instance  so  high  is  usually  represented  as 

passing  thi'ough  the  sun. 
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LXIII,  AByon.TVf ATJTiES n? HiTMAy Myology.  By  J.F.  Kkott,  F.E.C.S.I. 

[Read,  April  11,  1881.] 

The  follomng  is  an  imperfect  list  of  the  muscular  anomalies  which 
hare  come  under  my  notice  during  the  four  winters  which  I  have 
occupied  the  office  of  Demonstrator  of  Anatomy  in  the  School  of  the 
Eoyal  College  of  Surgeons.  During  that  time  I  have  paid  particular 
attention  to  some  of  those  which  struck  me  in  the  commencement  as 

being  specially  important  or  interesting,  and  which  attracted  my  atten- 
tion sufficiently  to  induce  me  to  tabulate  the  frecjuency  of  their  occur- 

rence. As  I  had  not  the  advantage  of  any  co-operation  in  the  research, 
a  very  large  proportion  of  the  anomalies  which  might  easily  have  been 
preserved  were  necessarily  lost,  from  the  fact  that  it  was  impossible  for 
me  to  distribute  my  attention  over  the  dissection  of  so  large  a  number 
of  subjects  as  were  always  passing  through  the  room.  My  statistics 
are,  accordingly,  in  many  instances,  very  imperfect,  although  by  no 
means  so,  I  hope,  in  all ;  but,  although  not  so  valuable  as  could  be 

desii'ed  as  an  index  of  frequency,  I  venture  to  hope  that  the  publi- 
cation of  the  present  collection  will  be  found  interesting  to  those 

who  have  devoted  any  attention  to  this  special  department  of  Ana- 
tomy. The  importance  attached  to  these  variations  must  daily 

increase  in  connexion  with  the  absorbing  interest  of  the  study  of 
muscular  morphology,  and  of  the  homologous  elements  thereof  in 
the  various  grades  of  the  animal  kingdom.  Viewed  from  this  stand- 

point, an  otherwise  somewhat  dry  catalogue  of  variations  in  Human 
Myology  will  be  looked  upon  with  favour  by  those  who  hail  with 
welcome  the  addition  of  every  small  contribution  to  the  hourly 
increasing  treasury  of  our  knowledge  in  this,  one  of  the  most 
interesting  departments  of  human  study. 

Occipito-fro7italis. — The  early  removal  of  the  brain  prevented  me 
from  examining  this  muscle  completely,  in  a  large  proportion  of  the 

subjects  of  oui'  dissecting-room.  The  frontal  portion  I  have  seldom 
found  to  agree  completely  with  the  description  given  in  our  standard 
text-books,  I  have  noted  its  pecuKarities  in  twenty-eight  cases,  in 
which  I  examined  it  with  special  care.  In  only  five  of  these  did  the 
fleshy  fibres  reach  so  high  as  the  coronal  suture.  Below  I  have 
always  found  its  fibres  attached  to  the  internal  angular  process  of 
the  OS  frontis,  some  being  continued  into  the  pyramidalis  nasi,  and 
levator  labii  superioris  alaeque  nasi,  but  the  great  bulk  of  the  fibres 
blended  with  the  orbicularis  palpebranim  and  corrugator  supercilii, 
and  a  large  proportion  adhered  to  the  deep  surface  of  the  skin  of 
the  eyebrow.  I  could  never  satisfy  myself  of  an  attachment  of  any 
of  its  fibres  to  the  nasal  bone,  glabella,  superciKary  ridge,  or  supra- 

orbital arch,  as  has  been  described  by  different  observers.  In  every 
case  I  examined,  the  deep  surface  of  the  muscle  appeared  to  glide 
freely  over  those  bony  prominences,    and  to   be   connected  thereto 
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merely  "by  loose  areolar  tissue.  In  one  case  a  slip  was  found  con- nected to  the  upper  margin  of  tlie  tendo  oculi.  In  three  examples 
there  was  a  well-marked  decussation  of  the  lower  fibres  of  the  frontal 
portions  of  opposite  sides.  In  many  instances  the  muscle  was  found 
in  an  extremely  atrophic  condition,  and  in  a  large  proportion  its  fibres 

■were  found  split  up  into  fasciculi,  but  in  no  case  was  it  completely 
absent,  as  in  the  example  noted  by  Professor  ITacalister. 

Of  the  occipitcdis  muscle  I  have  seen  union  of  those  of  opposite 
sides  in  two  instances,  and  decussation  of  the  lower  fibres  in  one  case. 

Transversiis  omchae  (F.  E.  Schultze). — A\'as  present  on  both  sides  in 
five  of  the  twenty-eight  bodies,  and  on  one  side  only  in  two  others.  The 
muscle  is  said  to  be  always  symmetrical,  but  in  the  latter  instances 
I  could  find  no  muscular  fibres  on  the  opposite  side,  but  a  small 
transverse  tendinous  band  took  its  place.  The  attachments  were 

the  same  in  all :  fi'om  the  external  occipital  protuberance,  on  the 
inside,  to  the  posterior  border  of  the  stemo-cleido-mastoid  muscle  at 
its  insertion ;  while  a  few  fibres  were  attached  separately  to  the 
superior  curved  line  of  occipital  bone  above  the  others. 

Of  the  muscles  of  the  ear,  intrinsic  or  extrinsic,  although  fre- 
quently examined,  I  have  not  noted  the  variations  with  any  regularity. 

Retrahens  aurem. — This  muscle  I  have  seen  usually  formed  of  two 
very  distinct  slips,  and  somewhat  less  frequently  of  three  fasciculi,  a 
condition  which  was  looked  upon  by  Albinus  as  the  noimal  arrange- 

ment {tres  retrahentes  auricidam).  The  lowest  of  the  three  bundles  I 
have  foTind  arising  in  two  instances  from  the  cervical  fascia  over  the 
upper  part  of  the  stemo-cleido-mastoid  muscle.  In  a  few  cases  one  of 
the  bundles  was  found  replaced  by  a  tendinous  band. 

AUoUens  and  Attrahens  aurem  I  have  frequently  found  meeting 
at  their  adjacent  edges  so  as  to  form  one  continuous  plane  of  muscular 
fibres,  as  described  by  Cruveilhier  {inuscU  auricidaire  superieur  oic 

aixriculo-temporal').  The  origin  of  attrahens  aui'em  from  the  zygoma, 
described  as  normal  by  'Wharton,  Jones,  and  Harrison,  I  have  met with  in  eight  cases.  Cruveilhier  describes  this  as  a  distinct  muscle 
under  the  name  of  muscle  auricidaire  anierieur  profond,  whose  posterior 
attachment  is  into  the  external  surface  of  the  tragus. 

The  intrinsic  muscles  of  the  auricle  have  so  often  eluded  my  at- 
tempts to  define  them,  that  I  do  not  think  I  succeeded  in  any  one  case 

in  demonstrating  the  presence  of  all  of  them  in  the  same  subject. 

Depressor  auricidae  (Lauth) ;  stijio-auricularis  (Hyrtl). — Of  this 
muscle  I  found  one  example.  In  three  other  cases  I  was  able  to 
define  a  well-marked  fibrous  cord,  having  the  direction  and  attach- 

ments presented  by  the  muscular  fibres  when  present.  In  my  case  the 
origin  was  in  common  with  that  of  the  stylo-glossus  muscle,  and  the 
insertion  into  the  cartilaginous  part  of  the  external  auditory  meatus. 

The  muscles  of  the  tympanum  and  the  internal  muscles  of  the  orbit 

I  have  not  examined  with  a  special  view  to  vai'iations  in  attachment. 
An  accessory  slip  to  the  obliquus  oculi  superior  {comes  olliqui  superio- 
ris;  ohliquus  accessorius ;  gracillimus  ocidi ;  gracillimus  orhitae)  I  have 
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twice  seen.  In  one  case  the  origin  of  the  anomalous  bundle  of  muscular 
fibres  was  in  common  with  the  levator  palpebrae  superioris,  and  the 
insertion  into  the  fibrous  pulley  for  tendon  of  superior  obKque  (rectus 
quintiis  of  Molinetti;  tensor  trochleae  of  Budge). 

Depressor  supercilii  (Lesshatf) ;  depressor  palpehrarum  (Arlt) ; 
lachrymalis  anterior  (Henke). — Of  this  muscle  the  fibres  were  found 
moderately  well  developed  in  two  cases  out  of  seven  in  which  it  was 
looked  for.  In  the  others  it  was  almost  completely  absent :  a  few 
fibres  were  found  with  diSiculty  in  two  of  them. 

Depressor  palpehrae  inferioris  (Caldani). — This  muscle,  which 
seems  to  be  a  continuation  of  some  of  the  fibres  of  the  platysma 
myoides,  I  have  been  able  to  define  clearly  in  five  out  of  eighteen 
cases  in  which  it  was  searched  for,  the  upper  extremity  being 
attached  to  the  lower  fibres  of  the  orbicularis  palpebrarum. 

Orhicularis  palpebrarum. — A  slip  fi'om  this  muscle  to  the  levator 
palpebrae  superioris  is  described  by  Henle  and  noticed  by  Professor 
Macalister.  I  consider  it  to  be  a  not  uncommon  arrangement,  as  I 
have  found  it  developed  in  a  considerable  number  of  instances, 
although  I  did  not  take  any  note  of  the  proportion.  The  origin  of 
the  zygomaticus  minor  from  the  lower  fibres  of  the  orbicularis  I  have 
twice  observed. 

Levator  lalii  superioris. — The  only  deviation  from  the  usually  ac- 
cepted description  of  this  muscle  which  I  have  met  with  is  the  trici- 

pital  arrangement  described  by  Eustaehius,  the  outer  coming  from  the 
malar  bone  [caput  zygomaticum,  joclibeinzacTce  of  Henle).  This  bundle 
of  fibres  was  well  developed  in  about  one-third  the  cases  examined. 

Depressor  septi  mohilis  narium  (Meyer,  Krause),  defressor  apicis 
naris,  nasalis  lahii  superioris,  nasolahialis — looked  upon  by  many  as 
merely  a  septal  attachment  of  the  orbicularis  oris,  has  been  more  cor- 

rectly described  by  Meyer  as  a  separate  muscle  of  triangular  form. 
The  base  is  below,  blending  with  the  upper  fibres  of  the  orbicularis  oris, 
and  apex  above,  attached  to  the  lower  border  of  the  septal  cartilage. 

Risorius  (Santorini). — The  typical  arrangement  of  the  fibres  of 
this  muscle — from  parotidean  fascia  to  angle  of  mouth,  blending  with 
orbicularis  oris — is  met  with  in  a  large  proportion  of  cases.  The  fibres 
in  their  inward  course  pass  superficial  to  those  of  the  platysma  myoides, 
and  form  with  the  latter  an  acute  angle.  The  risorius  of  most  of  our 
text-books  of  the  present  day  is  derived  from  the  platysma  itself,  but 
the  description  is  I  think  rather  a  loose  one,  and  not  borne  out  by  the 
results  of  careful  repeated  examination.  Earer  origins  have  been  de- 

scribed— from  the  zygoma  (M'Whinnie) ;  external  ear  ( Albiniis) :  fascia 
over  upper  third  of  sterno-cleido-mastoid  (Hallett) ;  an  accessory  head 
from  transversus  nuchae  (F.  E.  Schultze) — of  each  of  these  I  have  met 
with  examples. 

Transversus  menti  (Santorini) ;  faisceau  sous-sympJiysien  (Cruveil- 
hier). — This  band  of  muscular  fibres  prolonged  from  the  antero-inter- 
nal  part  of  the  triangularis  menti,  meets  a  similar  one  from  the  opposite 

side  in  the  mesial  line.  On  its  presence  the  existence  of  a  ''double-chin" 
depends.     I  have  found  it  in  three  cases  out  of  eleven  in  which  it  was 
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searched  for.     From  its  peculiar  action  on  the  contour  of  the  submen- 
tal region,  it  has  been  called  by  German  authors  the  doppelhinnmushel. 
Masseter. — The  only  anomaly  I  noticed  in  connexion  with  this 

muscle  was  a  coalescence  of  its  deeper  fibres  with  the  lower  fibres  of 
the  temporal.  This  condition  has  been  also  observed  by  Professor 
Macalister,  and  I  have  met  with  it  three  times.  The  bursa  massete- 
rica  described  by  Monro  between  the  two  parts  of  this  muscle  I  have 
failed  to  find,  although  I  have  carefully  examined  the  muscle  for  this 
special  purpose  in  thirty  subjects.  Of  the  bursa  described  by  Hyrtl 
between  the  deep  part  of  the  muscle  and  the  capsule  of  the  temporo- 
maxillary  articulation  I  have  met  several  examples. 

Buccinator. — A  few  fibres  of  this  muscle  I  have  seen  to  arise  from 
Steno's  duct  in  three  instances. 

Pterygoideus  proprius  (Henle,  Gruber,  Theile,  Macalister). — Of 
this  muscle  I  have  met  with  three  examples  in  one  hundred  and  twelve 
bodies,  passing  as  usual  from  the  crest  on  the  great  wing  of  sphenoid 
to  posterior  edge  of  external  pterygoid  plate. 

Sterno-cleiclo-mastoideus. — Of  this  muscle  I  have  met  with  many 
anomalies,  in  some  cases  completely  divided  into  sterno-mastoid  and 
cleido-mastoid :  of  this  I  have  met  with  eleven  examples.  The  cleido- 
mastoid  I  have  found  in  three  cases  divided  into  two  completely  sepa- 

rate superimposed  laminae,  distinct  to  the  mastoid  attachment.  In  five 
cases  I  have  seen  the  upper  sternal  fibres  of  the  pectoralis  major  taking 
an  accessory  tendinous  origin  from  the  outer  edge  of  the  sternal  head 
of  this  muscle. 

Levator  claviculae  (Wood). — Of  this  muscle  I  have  seen  one  very 
well  developed  specimen  attached  at  its  upper  end  to  anterior  tuber- 

cles of  transverse  processes  of  second,  third,  and  fourth  cervical 
vertebrae,  and  below  to  the  middle  third  of  upper  border  of  clavicle 
outside  the  cleido-mastoid. 

Coraco-cervicalis  (Krause,  Hallett). — Of  this  muscle,  which  is  no 
other  than  the  posterior  belly  of  omo-hyoid  terminating  in  the  cervical 
fascia — when  the  anterior  belly  is  absent — I  have  met  with  two  exam- 

ples. I  have  in  another  case  traced  a  small  aponeurotic  slip  from  the 
upper  edge  of  the  tendon  formed  by  posterior  belly  of  omo-hyoid,  along 
the  normal  course  of  anterior  belly  to  the  body  of  the  hyoid  bone. 

Omo-hyoid. — Of  the  origin  of  the  posterior  belly  of  this  muscle 
from  the  coracoid  process  I  have  met  with  seven  examples  [coraco- 
hyoid  of  Gruber).  In  one  case  the  origin  of  this  belly  was  from  the 
acromion  process.  (Origin  from  first  rib  as  described  by  Wagner  and 
Gruber  I  have  never  seen.)  Of  the  purely  clavicular  origin  I  have 
met  with  two  specimens;  in  each  case  the  muscle  was  monogastric,  and 
presented  at  the  level  of  the  normal  tendon  merely  a  few  longitudinal 
tendinous  fibres  on  its  deep  surface  {cleido-hyoid  of  Schmidtmiiller). 
In  addition  to  the  variations  above  described  under  the  head  of  the 
musculus  coraco-cervicalis  I  have  found  in  two  other  cases  the  anterior 

belly  represented  by  two  distinct  tendinous  slips  passing  from  the  nor- 
mal tendon  up  to  body  of  hyoid  bone. 

Crico-corniculatus  (Tourtual) :    herato-cricoid  (Merkel) :    crico-thy- 
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reoideus  posticus  (Bochdalek). — Of  this  muscle  I  have  founcT  seven 
cases  of  unilateral  development,  and  two  others  in  which  its  fibres 
were  symmetrical. 

Crico-e^nglotticus. — Under  this  name  has  been  described  a  bundle  of 
muscular  fibres  often  found  (thirty-four  per  cent.,  Krause)  arising  from 
the  inner  surface  of  cricoid  cartilage,  and  passing  upwards  beneath  the 
mucous  membrane  to  the  margin  of  the  epiglottis.  I  have  been  able 
to  define  it  three  times  in  nineteen  subjects.  It  was  bilateral  in  each 
case.  Sometimes  a  similar  bundle  terminates  in  the  arytaeno-epiglotti- 
dean  fold  of  mucous  membrane  forming  a  crico-membranosus. 

Crico-tracJiealis. — Of  this  anomalous  muscle  I  have  met  with  one 
specimen  on  the  left  side  of  the  body  of  a  female  subject.  It  came 
from  lower  border  of  cricoid  cartilage,  approaching  close  to  the  median 
line  in  front,  and  having  a  breadth  of  abo^^t  half  an  inch  above;  it 
gradually  narrowed  as  it  passed  down  to  its  insertion  into  the  fourth 
and  fifth  rings  of  the  trachea  behind  the  isthmus  of  the  thyroid  body. 

Thyreo-trachealis  (Gruber)  ;  thyreo-trachealis  profundus  (Krause). — 
From  lower  border  of  thyroid  cartilage  to  upper  part  of  trachea.  This 
band  of  muscular  fibres  I  found  three  times  in  twenty-eight  subjects  in 

■which  its  existence  was  specially  searched  for.  The  muscle  was  sym- 
metrical in  one  case  ;  in  the  others  single  ;  in  both  on  left  side.  The 

inferior  attachment  varied  in  all.  In  one  case  the  insertion  was  into 

the  third  ring  of  the  trachea ;  in  another  into  third  and  fourth.  In  the 
case  in  which  the  muscle  existed  on  both  sides  the  insertion  was  into 

the  fourth  and  fifth  rings  on  one  side  (the  left) ;  on  the  other  into 
the  fifth  ring  alone. 

Tliyreo-syndesmicus  (Sommerring). — From  superior  corner  of  thyroid 
cartilage  to  posterior  border  of  thyro-hyoid  ligament.  In  one  subject 
I  found  this  small  anomalous  band  of  muscular  fibres  present  on  both 
sides.     I  have  met  with  no  other  example. 

Thyreoideus  transversus  anomalus  (Gruber)  (s.  impar) ;  thy  reoideus 
marginalis  inferior ;  incisurae  {cartilaginis  thyroideae)  mediae  transver- 

sus.— This  band  of  muscular  fibres  crosses  from  one  side  of  lower  border 
of  ala  of  thyroid  cartilage  to  the  other,  lying  in  front  of  the  upper  part 
of  the  crico-thyroid  membrane.     I  have  met  with  two  examples. 

Thyreo-eorniculatus. — Fibres  arising  in  common  with  the  upper  fibres 
of  thyreo-arytaenoideus,  and  passing  obliquely  upwards  and  backwards 
to  the  cartilage  of  Santorini.  A  bundle  of  fibres  answering  to  this  de- 

scription I  have  met  with  in  two  cases  out  of  nineteen  in  which  they 
were  sought  for  with  special  care.  A  similar  bundle  of  fibres  going 
to  the  cartilage  of  Wrisberg  has  been  described  under  the  name  of — 

Thyreo-cuneiformis. — This  I  have  not  seen. 
Thyreo-epiglotticus  inferior  (s.  major)  and  superior  (s.  minor). — Two 

very  thin  laminae  of  muscular  fibres  arising  from  inner  surface  of 

thyroid  cartilage,  and  ascending  to  the  adjacent  margin  of  the  epi- 
glottis, some  blending  with  upper  fibres  of  arytaeno-epiglottideus. 

Inferior  frequently  takes  some  fibres  of  origin  from  upper  border  of 
thyro-arytenoideus.  I  have  found  one  or  both  of  these  strata  in  about 
oneJhaK  of  the  cases  in  which  they  were  carefully  sought  for  before 
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decomposition  had  advanced  too  far,  but  always  in  an  extremely 
atrophic  state.  Those  fibres,  which  go  directly  to  the  margin  of  the 
epiglottis  itself,  have  also  been  described  under  the  name  of  musculus 
epiglotUdis  {reflector  s.  depressor  epiglottidis .) 

Thyreo-epiglottiGu&  longus  (C.  Krause). — This  band  of  muscular  fibres 
I  have  found  in  two  cases  out  of  twenty-seven  in  which  it  was  care- 

fully sought  for.  Arising  from  inner  surface  of  ala  of  thyroid  cartilage, 
immediately  above  the  incisura  thyreoidea  inferior  lateralis,  it  passes 
upwards  on  the  outer  side  of  the  thyreo-arytaenoideus,  to  be  inserted 
with  the  fibres  of  the  thyreo-ary-epiglotticus  into  the  corresponding 
lateral  margin  of  epiglottis. 

TJiyreoideus  internus  ;  sub-thyreoideiis  (Krause). — According  to  this 
author,  a  muscular  bundle  may  be  found  in  from  15  to  20  per  cent. 
of  all  cases  examined,  passing  from  lower  margin  of  ala  of  thyroid 
cartilage,  near  the  middle  line,  backwards  to  the  posterior  attachment 
immediately  above  the  root  of  the  inferior  cornu.  I  have  found  it 
twice  in  forty-three  bodies. 

Thyreoideus  propriiis  (Krause). — The  name  has  been  applied  by 
this  author  to  a  delicate  layer  of  muscular  fibres  lying  on  the  inner 
surface  of  the  thyroid  cartilage,  and  reaching  from  the  incisura  superior 
nearly  to  the  inferior  margin.  In  their  descent  they  interlace  with 
the  other  internal  muscles.  I  have  in  a  few  cases  found  a  small  num- 

ber of  scattered  vertical  fibres  in  this  situation,  but  never  so  arranged 
as  to  form  a  distinct  layer. 

Syndesmo-thyreoideus. — This  name  has  been  appKed  to  a  small 
muscle  found  in  very  rare  instances  (one  per  cent,  according  to  Krause) 
passing  from  upper  part  of  inner  surface  of  thyroid  cartilage  to  pos- 

terior thyro-hyoid  ligament.  I  have  met  with  it  twice :  in  one 
subject  it  was  symmetrically  developed  on  both  sides. 

Kerato-arytaenoideus  {schildlcnorperhom-giesslecTcenhnorpels-mushel  of 
J,  Gruber). — Arises  from  posterior  border  of  inferior  cornu  of  thyroid 
cartilage,  and  is  inserted  into  the  muscular  process  of  the  arytaenoid. 
I  have  found  four  examples. 

Other  anomalous  laryngeal  muscles  have  been  described  by  many 
writers — such  as  the  hyo-epiglottimis  (Fabricius);  crico-epiglotticics 
(Verheyen) ;  glosso-epiglotticus  (Eustachius) ;  but  I  have  never  met 
with  a  specimen  of  any  of  them. 

Digastric. — The  only  noteworthy  anomaly  of  this  muscle  I  have 
met  with  is  a  doubling  of  the  anterior  belly,  the  anomalous  slip  going 
to  the  median  raphe  of  the  mylo-hyoid  muscles.  Once  I  have  found 
it  symmetrical,  the  two  supernumerary  slips  meeting  in  the  mesial 
line,  and  in  three  other  cases  the  anomaly  existed  on  one  side  only. 

Mento-hyoid  (Macalister). — Of  this  muscle  I  have  met  with  four 
examples.  In  all  it  lay  superficial  to  the  anterior  belly  of  digastric,  as 
it  passed  from  front  of  body  of  hyoid  bone  to  lower  border  of  inferior 
maxilla.     In  one  instance  it  was  symmetrically  developed. 

Mylo-liyoideus. — The  only  remarkable  variation  I  have  seen  in  the 
attachments  or  relations  of  this  muscle  was  a  perforation  of  the  pos- 

terior part  by  Wharton's  duct,  which  came  under  my  observation  twice. 
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Genio-hjoidetis. — I  have  in  a  good  many  cases  found  this  muscle 
inseparably  blended  with  the  lower  fibres  of  the  genio-hyo-glossus. 

Mylo-glossus  (Eolfincius). — Of  this  muscle  I  have  met  with  one 
example,  passing  in  its  usual  direction  from  angle  of  jaw  to  side  of 
base  of  tongue. 

Stylo-glossiis. — In  five  instances  I  have  found  this  muscle  with  an 
accessory  head  from  the  stylo-maxillary  ligament.  Twice  I  have 
found  it  completely  absent  on  one  side. 

Stijlo-hyoideus. — In  several  instances  I  have  seen  the  two  parts  into 
which  this  muscle  was  split  by  the  tendon  of  the  digastric  separate  from 
the  origin  to  the  insertion.  I  have  seen  the  muscle  inserted  into  the 
tendon  of  the  digastric  in  one  case.  One  instance  of  complete  absence 
was  noted. 

Triticeo-glossus  (Bochdalek,  Macalister). — This  anomalous  bundle  of 
muscular  fibres  I  have  succeeded  in  defining  but  five  times  in  forty- 
four  cases  in  which  it  was  carefully  sought  for.  This  is  much  below 
the  average  of  frequency  which  occurred  in  the  experience  of  Bochdalek 
(8  in  22),  and  Macalister  (1  in  6).  Professor  Krause  makes  the  pro- 

portion of  cases  in  which  it  occurs  to  vary  from  17  to  36  per  cent. 
Azygos  linguae;  musculus  longitudiyialis  linguae  inferior  medius 

(Bochdalek). — A  small  median  bundle  of  longitudinal  fibres  found 
between  the  genio-hyo-glossi  muscles  in  the  posterior  fourth  of  the 
tongue.  I  have  been  able  to  define  it  in  five  bodies  out  of  forty- 
seven  in  which  it  was  sought  for. 

Genio-glossiis  accessorius  (Luschka). — A  bundle  of  the  lower  fibres 
of  the  genio-hyo-glossus — from  lowest  part  of  genial  tubercle  to  hyoid 
bone.  I  have  succeeded  in  defining  such  a  bundle  as  Luschka  describes^, 
separated  from  the  other  fibres  of  the  genio-hyo-glossus  about  once  in 
seven  subjects. 

Cephalo-jjJiaryngeus  (Sandifort). — Of  this  anomalous  band  of  muscu- 
lar fibres  I  have  seen  a  good  many  examples: — Three  arising  from 

vaginal  process  of  temporal  bone ;  two  from  petrous  portion  of  tem- 
poral bone  {fetro-pharyngeus)  inside  the  inferior  opening  of  the  carotid 

canal ;  two  from  the  spinous  process  of  the  sphenoid ;  one  from  the 
cartilaginous  portion  of  Eustachian  tube  {salpingo-pharyngeus).  In 
the  majority  of  instances  the  fibres  became  united  to  those  of  the 
superior  constrictor  of  the  pharynx.  In  two  examples  they  could  be 
traced  directly  to  the  inferior  constrictor. 

Genio-pharyngeiis  (Winslow). — A  slip  closely  connected  along  the 
anterior  part  of  its  course  with  the  genio-hyo-glossus,  and  passing 
backwards  to  the  side  of  the  pharynx  with  the  fibres  of  the  superior 
constrictor.     I  have  found  several  examples. 

Syndesmo-pharyngeus. — This  name  has  been  given  to  a  small  fasci- 
culus of  muscular  fibres  passing  from  the  posterior  border  of  the 

thyro-hyoid  ligament  backwards  to  the  median  line  {linea  aJho^  of  the 
pharynx.  It  bridges  over  the  space  intervening  between  the  origins 
of  the  middle  and  inferior  constrictors.  I  have  found  it  twice  in 

forty-seven  subjects  in  which  it  was  specially  sought  for. 
Levator  glandulae  thyroideae  lateralis. — Under  this  name  Krause 
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mentions  a  few  fibres  of  the  inferior  constrictor  of  tlie  pharynx  which 
take  origin  from  the  side  of  the  thyroid  body.  He  says  it  is  present 
in  about  one  per  cent,  of  subjects  examined.  I  haye  not  been  so 
fortunate  as  to  meet  with  a  specimen. 

Azygos  fliaryngis  (Meckel) ;  solitarms  phmyngis  (Santorini). — 
Under  this  name  Meckel  describes  a  small  muscle,  usually  mesial  and 
single,  rarely  bilateral  and  symmetrical  (Ketel,  1870),  passing  from  the 
pharyngeal  spine  on  the  basilar  process  of  the  occipital  bone  downwards 
for  a  variable  distance  along  the  median  raphe  of  the  pharynx,  into 
which  it  is  inserted.  It  is  seldom  more  than  half  an  inch  in  length. 
I  have  found  it  four  times  in  eighty-seven  subjects:   once  bilateral. 

Pliaryngo-rnastoicleus  (Ketel). — Arises  fi'om  the  anterior  and  inner 
aspect  of  the  mastoid  process,  and  passes  inwards  between  superior 
and  middle  constrictors  of  pharynx  to  its  insertion  into  the  lateral 
wall  of  the  tube,  blending  with  the  fibres  of  these  muscles.  I  have 
met  with  three  examples. 

SaJ'jnngo-pharyngeus  (Sandifort). — A  muscular  fasciculus  passing 
fi'om  Eustachian  tube  to  side  of  pharynx  behind  the  palato-pharyngeus. 
I  have  met  with  one  example. 

Scalenus  anticus. — I  have  occasionally  seen  this  muscle  taking  a 
vertebral  origin  more  or  less  than  that  usually  described.  The  only 
other  remarkable  peculiarity  I  have  ever  observed  is,  that  in  two 
instances  I  found  the  phrenic  nerve  piercing  its  fibres. 

Scalenus  meclius. — The  superior  attachment  of  this  muscle,  as  Krause 

has  correctly  pointed  out,  isfi'omthe  anterior,  not  the  posterior  tu\)eTLc\QS 
of  transverse  processes  of  the  cervical  vertebrae,  as  other  anatomists 
describe  it.  The  usual  number  is  six — all  excepting  the  atlas — but  I 
have  found  the  number  to  vary  fi'om  thi'ee,  the  smallest,  to  all,  seven. 
In  one  case  I  found  it  attached  below  to  the  second  rib  only.  In  a 
very  large  proportion  of  subjects  I  found  its  vertebral  attachment  quite 
inseparable  from  the  scalenus  posticus. 

Scalenus  ])osticus. — In  only  two  instances  did  I  observe  any  notable 
anomaly  of  this  muscle.  One  was  complete  absence.  The  other  was 
attachment  of  lower  end  to  third  rib. 

Scalenus  minimus  (Albinus). — The  usual  origin  of  this  muscle  is 
from  the  anterior  tubercles  of  transverse  processes  of  fifth,  sixth,  and 
seventh  cervical  vertebrae,  behind  the  attachment  of  anterior  scalenus, 
to  which  it  is  often  inseparably  adherent.  Its  inferior  extremity  is 
connected  to  the  second  rib.  Macalister  makes  the  relative  irequency 

of  its  presence  three  times  in  seven  subjects,  and  "  oftener  present 
inseparably  united  to  the  other  scalenes."  Ea'ause  gives  a  proportion 
of  forty-two  per  cent.  I  have  not  been  able  to  find  it  in  so  large  a  pro- 

portion of  cases :  it  was  well  defined  five  times  in  twenty-three 
bodies. 

Scalenuslateralis  (Albinus);  musculus  costo-transversalis. — This  muscle 
arises  from  the  transverse  process  of  the  seventh  cervical  vertebra,  and 
passes  downwards  between  the  middle  and  posterior  scaleni  and  a 
little  outside  the  latter  (of  which  it  would  seem  to  be  a  detached 
portion)  to  its  inferior  attachment  to  second  rib.     I  have  found  it 
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four  times  :  it  "was  present  in  two  of  the  twenty-three  subjects  in 
which  the  scalenes  were  specially  dissected. 

Scalenus  accessorius. — Arises  from  the  posterior  tubercles  of  trans- 
verse processes  of  the  cervical  vertebrae  from  the  fourth  to  the  sixth 

(Macalister),  from  fourth  to  seventh  (Krause),  and  is  inserted  into  the 
first  rib  close  to  the  scalenus  medius,  of  which  it  seems  to  be  a  differen- 

tiated portion.  It  is  separated  from  the  latter  muscle  by  part  of  the 
brachial  plexus. 

Transversalis  cervicis  anticus  longus  colli  accessorms  (Luschka) ; 
scalenus  anticus  proprius  colli  (Krause). — This  rare  muscle  arises  from 
the  anterior  tubercles  of  the  transverse  processes  of  the  cervical 
vertebrae,  from  the  seventh  to  the  fourth,  and  passing  upwards  is 
attached  to  the  anterior  surface  of  body  of  axis  immediately  below  the 
superior  articulating  surface,  and  to  the  front  of  the  base  of  the  trans- 

verse process  of  the  atlas.  It  is  placed  posterior  to  the  rectus  capitis 
anticus  major.     I  have  met  but  one  example  of  this  muscle. 

Transversalis  cervicis  anticus  (Eetzius). — Arises  from  the  obKque 
processes  of  the  cervical  vertebrae,  from  the  sixth  to  the  fourth;  being 
intimately  connected  to  the  longus  colli,  and  passing  u.pwards  is 
inserted  into  the  upper  three  cervical  vertebrae.  Of  this  rare  muscle 
I  have  met  with  two  specimens.  One  had  the  attachments  described 
by  Eetzius  ;  the  second  was  attached  by  its  upper  extremity  to  the 
axis  alone,  just  below  and  outside  the  superior  articular  surface. 

Transversalis  cervicis  medius  (Ki-ause). — Of  this  extremely  rare 
muscle  I  have  never  met  with  an  example.  EJ:ause  has  found  it 

attached  to  the  front  of  the  transverse  processes  of  the  cervical  verte- 
brae, from  the  second  to  the  sixth  or  seventh. 

Transversalis  cervicis  posticus  minor;  tracTielomastoideus  minor ;  tra- 
clielornastoideus  accessorius. — Arises  from  transverse  processes  of  verte- 

brae, from  the  second  dorsal  to  the  fifth  cervical,  and  ascending  to  its 
insertion  is  attached  above  to  the  transverse  process  of  the  atlas,  and 
mastoid  process  of  the  temporal  bone.     I  have  noted  one  specimen. 

Rliomhoideus     occipitalis     (ilurie,      3Iivart)  ;     occipito  -  scapular  is 
(Wood). — Arises  from  the  internal  third  of  the  linea  semicii-cularis 
media  ossis  occipitis,  above  the  attachment  of  the  complexus,  and  is 
'inserted  into  the  scapula,  above  the  rhomboideus  minor.     I  have  met 
with  three  specimens  of  this  muscle. 

Levator  claviculae  (Wood) ;  cleido-cervicalis  superior;  trachelo-clavi- 
cularis  superior. — The  clavicular  attachment  of  this  muscle  is  either  to 
the  middle  third  of  the  bone,  or  to  its  acromial  extremity.  The  upper 
is  more  variable  in  its  points  of  fixation.  It  has  been  found  attached 
to  the  transverse  process  of  the  atlas  {cleido-atlanticus) ;  to  that  of  the 
axis  [cleido-epistropMcus^ ;  to  the  oblique  processes  of  the  fourth  and 
fifth  cervical  vertebrae  {cleido-cervicalis  inferior;  scalenus  anticus  acces- 

sorius) ;  to  the  transverse  process  of  the  sixth  alone  {cleido-cervicalis 
irnus).  It  has  also  been  found  attached  to  the  transverse  process  of 
the  third  cervical  vertebrae.  The  lower  has,  in  some  instances,  been 
seen  to  blend  with  the  trapezius.  I  have  met  with  two  specimens  of 
the  cleido-cervicalis  imus,  and  one  of  the  cleido-epistrophicus.    Another 
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specimen  I  have  found  attacliecT  above  to  the  oblique  processes  of  the 
third,  fourth,  and  fifth  cervical  vertebrae,  and  inserted  below  into  the 
middle  third  of  upper  border  of  clavicle. 

Rhombo-atloideus  (ilaealister,  1866) ;  splenius  accessorius  (Krause) ; 
ndjutor  splenii  v.  m.  singularis  splenius  accessorius  (Walther). — This 
muscle  passes  from  the  spinous  processes  of  the  last  cervical  or  first 
dorsal  vertebra — where  it  arises  beneath  the  rhomboideus  minor — 
to  the  transverse  process  of  the  atlas.  It  has  been  found  attached  to 
the  sixth  and  seventh  cervical  spines,  or  to  the  seventh  alone,  or  to 
the  first  and  second  dorsal  spines,  or  to  the  second  and  third.  I  have 

found  thi'ee  examples  in  which  the  muscle  arose  from  the  last  cervical 
and  first  dorsal  spines,  and  one  in  which  it  arose  from  the  three  upper 

dorsal.  In  two  cases  the  origin  was  fi'om  the  two  upper  dorsal  vertebrae. 
Mr.  Wood  found  it  three  times  in  thirty- six  subjects,  and  Krause  gives 
eight  as  its  percentage  of  frequency.  I  have  found  it  six  times  in. 
seventy-five  subjects. 

Atlanto-mastoicleus. — Arises  from  transverse  process  of  atlas,  and  is 
inserted  into  the  posterior  border  of  the  mastoid  process  of  the  tempo- 

ral bone.  Krause  makes  its  relative  frequency  to  be  thii'ty  per  cent, 
of  subjects  examined  ;  this  is  much  greater  than  what  has  occurred  in 
my  experience,  as  I  have  found  it  but  four  times  in  thirty-three  sub- 

jects which  were  carefully  examined  for  it. 
Rectus  capitis  anticus  major,  .  .  .  minor. — Doubling  of  these 

muscles  I  have  pretty  often  observed,  but  have  kept  no  account  of  the 
relative  frequency. 

Rectus  capitis  lateralis  accessorius  ("Winslow). — This  muscle,  a doubling  of  the  normal  rectus  capitis  lateralis,  I  have  found  three 
times  in  thirty-three  subjects  in  which  it  was  specially  sought  for. 

Pectoralis  major. — The  three  parts  of  this  muscle  I  have  found 
completely  distinct  in  four  instances.  The  clavicular,  sternal,  and 
costal  portions  could  easily  be  differentiated  even  down  to  their  very 
insertion  into  the  humerus.  In  two  cases  I  have  seen  an  accessory 
slip  to  the  short  head  of  the  biceps  taking  origin  from  the  lower  border 
of  the  tendon.  In  one  case  the  tendon  divided  into  two  parts,  between 
which  passed  the  long  tendon  of  the  biceps,  one  lamina  going  to  either 
lip  of  the  bicipital  groove. 

Pectoralis  mcjor  accessorius. — Arises  from  the  costal  cartilages, 
fi'om  the  first  or  second  to  the  sixth  or  seventh,  and  passes  outwards 
beneath  the  deep  fibres  of  the  pectoralis  major  to  join  the  tendon  of 
insertion.  It  is  but  a  complete  differentiation  of  the  costal  portion  of 
the  pectoralis  major. 

Cliondro-epitroclilearis. — Of  this  muscle  I  have  met  with  four  speci- 
mens. The  attachments  were  the  same  in  aU  cases.  The  origin  was 

from  the  sixth  costal  cartilage,  and  the  fibres  were  placed  in  close 
apposition  with  the  lower  fibres  of  the  pectoralis  major.  The  inser- 

tion was  into  the  brachial  aponeurosis  at  the  lower  fourth  of  the  arm 
on  its  inner  aspect — one  sending  a  slight  tendinous  slip  down  to  the 
epitrochlea.  So  that  the  muscle  in  all  these  cases  better  deserved  the 
name  of  chondro-fascialis. 
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Pectoralis  minor. — In  five  cases  I  have  seen  tte  tendon  of  this 
muscle  send  a  strong  slip  over  the  coracoid  process  to  pierce  the 
coraco-acromial  ligament,  and  blend  with  the  capsule  of  the  shoul- 

der-joint. In  one  instance  the  whole  tendon  wound  over  the  coracoid 
process,  and  divided  into  two  strong  bands;  one  went  to  the  margin  of 
the  glenoid  cavity,  the  second  to  the  greater  tuberosity  of  the 
humerus. 

Pectoralis  raimmus  (Gruber). — Arises  from  anterior  surface  of  ma- 
nubrium sterni,  rhomboid  ligament,  and  cartilage  of  first  rib,  and 

passes  outwards  in  front  of  the  costo-coracoid  membrane  to  be  inserted 
into  the  inner  border  of  the  coracoid  process  of  the  scapula.  It  some- 

times arises  from  the  cartilage  of  the  first  rib  alone,  and  such  was  the 
origin  of  the  muscle  in  the  two  examples  which  I  have  met  with. 

Pectoralis  qiiartus. — Arises  from  the  fascia  over  the  lower  part  of 
the  serratus  magnus,  and  occasionally  from  the  adjacent  portions  of 
one  or  more  ribs,  and  is  inserted  into  the  lower  border  of  the  tendon 
of  the  great  pectoral,  or  into  the  oschelbogue  of  Lauger. 

Subclavius. — This  muscle  I  have  found  completely  absent  in  two 
instances.     In  both  the  deficiency  was  on  the  left  side. 

Supra  clavicular  is  proprius,  v.  tensor  fasciae  colli  (Gruber) ;  anomalus 
claviculae. — Of  this  muscle  I  have  met  with  two  examples,  one  of  which 
has  been  already  recorded  (vide  Journal  of  Anatomy  and  Physioloyy, 
XV.  139). 

The  second  specimen  (observed  during  the  last  winter  session)  had 
similar  attachments,  but  was  much  smaller. 

Acromio-clavicularis,  \ . praeclavicularis  lateralis  (Gruber). — Consists 
of  a  few  muscular  fibres  passing  from  the  outer  third  of  the  clavicle  to 
the  tip  of  the  acromion.  I  have,  on  one  occasion,  seen  a  small  band 
of  fibres  in  situation  so  very  delicate  as  hardly  to  deserve  the  dignity  of 
a  special  name.     It  lies  superficial  to  the  upper  fibres  of  the  deltoid, 

Omo-clavicularis  {coraco-clavicularis,  v.  coraco-clavicularis  posticus, 
Calori,  Gruber). — This  muscle  arises  fi'om  the  outer  end  of  the  cla- 

vicle, less  frequently  from  the  inner  end,  sometimes  also  from  the  manu- 
brium sterni,  and  passes  outwards  to  be  inserted  into  the  coracoid  pro- 

cess of  the  scapula.  The  insertion  is  sometimes  into  the  upper  border 
of  this  bone.  A  similar  muscular  band  has  been  described  by  Mr. 
Wood  under  the  name  of — 

Scapulo-clavicularis. — This  I  have  never  succeeded  in  finding, 
although  I  have  sought  for  it  in  more  than  a  hundred  and  twenty 
subjects. 

Sterno-clavicularis ;  sterno-clavicularis  anticus;  prae-clavicularis  me- 
dius  (described  and  named  by  Gruber). — Arises  from  manubrium  sterni, 
anterior  sterno-clavicular  Kgament,  and  cartilage  of  first  rib — some- 

times from  only  one  of  these  points  of  attachment — and  passes  out- 
wards in  front  of  the  subclavius  to  be  inserted  into  the  middle  third  of 

the  clavicle.  It  has  been  found  inserted  into  the  coracoid  process  of 
the  scapula,  when  it  received  the  name  of — 

Coraco-clavicularis  anticus,  v.  singularis. — Of  the  latter  insertion 
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I  have  met  witli  one  case.  I  have  never  seen  the  more  frequent  form 
of  this  anomaly. 

Supra-clavicula/ris ;  sterno-clamciilaris  (Hyrtl) ;  sterno-clavicularis 
superior;  sterno-omoideus. — Arises  from  anterior  surface  of  manubrium 
sterni,  and  is  inserted,  into  the  front  of  the  clavicle  at  a  variable  dis- 

tance from  its  outer  end.  "When  symmetrically  developed,  the  two muscles  often  meet  in  the  middle  line,  forming  a 

Musmlus  inter clavicularis. — Of  this  latter  form  of  the  anomaly  I 
have  seen  two  examples.  I  have  observed  but  one  specimen  of  uni- 

lateral development. 

Retro-clavicularis  ("Weber) ;  sterno-clavicularis postictis. — Arises  from posterior  surface  of  manubrium  sterni,  and  is  inserted  into  the  inner 
end  of  the  clavicle,  on  its  posterior  surface.  I  have  seen  one  speci- 

men, but  it  had,  as  in  the  one  observed  by  Lawson  Tait,  a  second  head 
from  the  posterior  sterno-clavicular  ligament. 

Infra- clavicularis  (Bardeleben). — Arises  from  front  of  clavicle,  and 
is  inserted  into  the  fascia  in  front  of  the  pectoralis  major.  I  have 
met  with  one  example :  it  arose  fleshy  from  the  clavicle  for  about  an 
inch  of  the  middle  of  its  anterior  border  and  formed  a  tendinous  ex- 

pansion, which,  passing  downwards  and  outwards,  and  intersecting, 
at  a  very  acute  angle,  the  line  of  direction  of  the  clavicular  fibres  of 
the  pectoralis  major,  bended  with  the  fascia,  in  front  of  the  latter 

muscle,  after  a  course — including  the  length  of  the  fleshy  fibres — of 
about  four  inches.  So  far  as  I  know,  this  is  the  only  example  pub- 

lished, except  that  of  Bardeleben. 
Subclavius  posticus  ;  scapido-costalis ;  sterno-scapularis. — Arises  from 

the  first  rib,  and  is  inserted  into  the  root  of  the  coracoid  process  of  the 
scapula,  or  into  the  ligament  of  the  notch.  I  have  seen  but  one 
example  occurring  in  a  large  number  of  subjects,  having  examined 
this  region  carefully  for  anomalies,  in  over  a  hundred.  Krause  says 
the  frequency  of  its  occurrence  averages  seven  per  cent.,  and  according 
to  Professor  Macalister  it  is  met  with  once  in  fifteen  subjects. 

&upra-costalis  superficialis  (vel  anterior). — A  bundle  of  muscular 
fibres  passing  from  one  of  the  upper  ribs  (generally  the  first)  to 
another  rib  at  a  variable  distance  below.  It  lies  beneath  the  pec- 

toralis major  and  minor. 
Supra-costalis  profundus. — This  bundle  of  fibres,  when  present,  lies 

beneath  the  serratus  anticus  magnus.  I  have  met  with  a  good  many 
specimens  of  both  superficialis  and  profundus,  but  did  not  feel  suffi- 

ciently interested  in  the  anomaly  to  keep  any  record  of  them. 
Transversus  colli  (Luschka);  costo-fascialis  c^mm/^s  (Macalister). — 

This  muscle  arises  from  the  first  rib,  and  passing  obliquely  inwards 
behind  the  clavicle,  and  between  the  sterno-hyoid  and  sterno-thyroid 
muscles,  is  inserted  into  the  deep  fascia  at  the  root  of  the  neck  (sep- 

tum thoracico-cervicale).  Professor  Krause  suggests  that  it  may  be 
regarded  as  an  upper  differentiated  digitation  of  the  triangularis  sterni 
muscle. 

Tensor  semivuginae  articulationis  humero-seapularis  (Gruber). — This 
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rare  muscle  arises  from  the  front  of  the  manubrium  sterni  and  cartilage 
of  first  rib,  and  passes  outward  between  pectoralis  major  and  minor,  to 
be  inserted  into  the  front  of  the  capsule  of  the  shoulder- joint.  I  have 
found  on  one  occasion  a  bundle  of  fibres  arising  from  the  cartilage  of 
the  first  rib  at  its  junction  with  the  bone,  and  passing  outwards  between 
the  greater  and  lesser  pectoral  muscles,  to  be  inserted  into  the  anterior 
aspect  of  the  shoiilder  capsule. 

To  the  anomalies  of  the  muscles  of  the  back,  of  the  diaphragm,  and 
of  the  flat  muscles  of  the  abdomen  I  have  not  given  special  attention, 
although  some  remarkable  deviations  from  the  typical  arrangement 
have  been  met  with. 

Basio-deltoicleus ;  fasciculus  infraspinata  deltoideus  (Gruber). — This 
bundle  of  fibres  is  accessory  to  the  normal  deltoid  muscle,  and  corre- 

sponds to  the  abductor  brachii  inferior  of  the  lower  mammals  ("W. Krause,  Anatomic  des  Kaninchens,  1868).  It  arises  from  the  vertebral 
border  of  the  scapula  at  a  variable  level,  sometimes  as  low  down  as  the 
inferior  angle  of  the  bone,  and  passes  outwards  to  join  the  lower  fibres 
of  the  deltoid.  Of  this  form  of  the  accessory  muscle  I  have  met  with 
two  examples.  Other  accessory  bundles  have  been  described.  One 
from  the  axillary  border  of  the  scapula  has  been  named  costo-deltoideus: 
a  separate  slip  from  the  acromial  end  of  the  clavicle  has  been  named 
acromio-clavicularis  lateralis.  Still  rarer  specimens  are  those  which 
have  been  described  under  the  names  of  tensor  fasciae  deltoideac  a  fascia 
infraspinata  and  tensor  fasciae  deltoideac  a  margine  axillari  scapulae, 
respectively.     I  have  never  met  with  any  of  these  latter  forms. 

Infraspinatus. — This  muscle  I  have  twice  seen  to  receive  an  acces- 
sory slip  from  the  deltoid.  I  have  seen  a  good  many  specimens  (over 

five  in  number)  in  which  it  was  quite  inseparable  from  the  teres  minor. 
The  upper  fibres  of  the  muscle  are  sometimes  quite  separate  from  the 
remainder,  forming  what  has  been  described  as  the  infraspinatus  mi- 

nor.    Of  this  variety  I  have  seen  one  well-defined  example. 
Teres  minor. — Fusion  with  the  infra-spinatus  has  been  already 

mentioned.     Complete  absence  of  the  muscle  I  have  once  observed. 
Teres  minimus. — Under  this  name  has  been  described  a  bundle  of 

fibres  parallel  to  and  in  close  contact  with  the  lower  edge  of  the  teres 
minor.  I  have  seen  one  example  occurring  on  both  sides  of  a  male 
subject  of  great  muscular  development. 

Subscapularis  minor;  suiglenoidalis ;  infraspinatus  secundus;  suh- 
scapulo-hicmeralis ;  subscapulo-capsularis. — tinder  this  name  has  been 
described  an  upper  detached  portion  of  the  subscapularis  muscle. 
Arising  from  the  upper  part  of  the  axillary  border  of  the  scapula, 
sometimes  from  the  tuberculum  infra-glenoidale,  where  it  adheres  to 
the  long  head  of  the  triceps,  it  passes  outwards  to  be  inserted  either 
with  the  normal  subscapular  tendon  into  the  lesser  tuberosity  of  the 
humerus,  or  what  much  more  frequently  happens,  into  the  front  of  the 
capsule  of  the  shoulder- joint  {suhscapulo-capsularis,  Gruber,  Macalis- 

ter).  According  to  Professor  "VV.  Krause,  the  frequency  of  its  occur- 
rence varies  from  five  to  thirty-three  per  cent.     I  have  found  it  four 
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times  in  thirty-nine  subjects,  whose  bodies  were  carefully  examined  for 
it :  three  were  inserted  into  the  capsule — one  into  the  lesser  tubero- 

sity of  the  humerus.  Professor  Krause  also  mentions  among  the  varie- 
ties of  the  sub-scapularis  a  bundle  of  fibres  arising  from  the  lesser 

tuberosity  or  its  immediate  vicinity,  and  going  to  be  inserted  into  the 

capsule  of  the  joint.  It  is  present,  according  to  him,  in  about  0*4  per 
cent,  of  the  cases  examined,  and  has  received  the  name  of 

Capsidaris  humero-scapularis. — I  have  never  succeeded  in  finding  it. 
Gleno-lrachialis  (Gruber),  arises  with  the  long  head  of  the  biceps 

from  the  tuberculum  supra-glenoidale,  pierces  with  it  the  shoulder 
capsule,  and  is  inserted  into  the  humerus.  I  have  once  met  with  it; 
the  insertion  was  into  the  inner  edge  of  the  bicipital  groove  about 
three-quarters  of  an  inch  below  the  lesser  tuberosity. 

Coraco-lracliialis. — The  anomalies  of  this  muscle  are  numerous, 
and  I  have  met  with  examples  of  nearly  all  those  which  have  been 
hitherto  described,  but  regret  to  say  that  I  have  kept  no  record  of 
their  relative  frequency  in  my  cases.  Three  conspicuous  forms  of  this 

muscle  have  been  described  by  "Wood  :  Irevis,  medius,  and  longus. 
Coraco-hrachialis  Irevis. — In  its  more  typical  form  this  muscle  arises 

from  the  apex  of  the  coracoid  process,  beneath  the  ordinary  coraco- 
brachialis,  and  is  inserted  into  the  surgical  neck  of  the  humerus  below 
the  lesser  tuberosity.  It  has  been  found  by  Macalister  inserted  into 
the  tendon  of  the  subscapularis,  and  sometimes  into  the  capsule  of 
the  shoulder- joint  {coraco-ca^jsidaris) ;  he  has  also  found  its  fibres  blend- 

ing with  those  of  the  subscapularis  muscle.  Under  the  head  of  sub- 
varieties  of  this  anomaly  must  be  classed  the  following : — 

Depressor  tendinis  suhscapula/ris  majoris,  vel  retinaculum  musculare 
tendinis  subscapularis  majoris  (Grruber) ;  tensor  capsulae  humeralis ; 
deltoidius  profundus^  which  arises  from  the  lower  border  of  the  tendon 
of  the  subscapularis,  and  is  inserted  into  the  surgical  neck  of  the 
humerus;  and 

Tensor  fasciae  et  cutis  foveae  axillaris,  which  is  merely  formed  by 
a  detached  slip  of  the  other  inserted  into  the  skin  and  fasciae  of  the 
axilla.  I  have  found  examples  of  all  these  abnormalities  excepting  the 
last  mentioned. 

Coraco-lrachialis  medius. — This  I  have  several  times  found  as  a 
distinct  muscle.  In  all  it  was  pierced  by  the  musculo-cutaneous 
nerve.  In  two  instances  I  have  seen  a  muscular  slip  detached  from 

this  muscle  to  join  the  inner  head  of  the  triceps,  and  crossing  in  front' 
of  the  brachial  artery. 

Coraco-lracliialis  longus. — This  muscle  I  have  found  completely 
separate  in  only  two  instances.  In  both  cases  the  insertion  was  into 
the  internal  brachial  ligament  about  an  inch  above  the  epicondyle.  In 
its  downward  course  the  muscle  crossed  over  the  brachial  artery  and 
median  nerve. 

Biceps  hrachii. — As  the  result  of  very  careful  examination  in  the 
human  subject,  and  comparison  of  the  arrangement  of  its  fibres  with 
the  analogous  muscle  in  the  lower  animals,  Professor  W.  Krause  has  con- 
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claded  that  it  is  really  made  up  of  four  distinct  parts,  to  which  he  gives 
the  respective  names  of  coraco-radialis,  coraco-ulnaris,  gleno-radialis, 
and  gleno-ulnaris.  The  two  first  named  form  the  short  head,  while  the 
union  of  the  third  and  fourth  segments  forms  the  long  or  glenoid  por- 

tion. Although  it  may  be  rather  difficult  for  most  anatomists  to  agree 
entirely  with  his  views,  a  careful  consideration  of  them  certainly  tends 
to  throw  a  good  deal  of  light  on  the  peculiarities  of  its  variations. 

Coraco-radialis. — Alone,  is  present  in  Orycteropus  capensis,  rhino- 
ceros, echidna,  frog,  toad,  lizard. 

Coraco-radialis  and  coraco-ulnaris. — In  emys,  chameleon. 
Coraco-radialis  and  gleno-uhiaris. — In  marsupialia,  both  muscles 

being  quite  separate. 
Gleno-radialis. — Alone,  in  nycto-pithecus,  stenops,  talpa,  horse, 

ruminantia. 

Gleno-ulnaris. — Alone,  in  Hyrax  capensis,  rodentia. 
Gleno-radialis  and  gleyio-ulnaris. — In  pig,  monotremata. 
Doubling  of  the  heads.  I  have  observed  two  examples  of  duplicity 

of  the  long  head,  and  one  of  that  of  the  short. 
The  two  heads  of  the  muscle  I  have  seen  separate  for  the  whole 

length  of  its  course.  The  long  head  I  have  found  completely  absent 
in  three  cases,  and  the  short  head  in  one.  The  semilunar  aponeurosis 
I  have  found  completely  absent  in  one  case.  I  have  twice  found  an 
accessory  sHp  from  the  tendon  of  the  pectoralis  minor  going  to  the 
short  head.  An  accessory  slip  from  brachialis  anticus  to  biceps  I 
have  found  in  three  cases  of  forty-nine  subjects,  in  which  these 
muscles  were  carefully  examined.  An  additional  head  between  coraco- 
brachialis  and  biceps  I  have  found  present  five  times  in  the  same 
series  of  bodies.  This  nearly  agrees  with  the  results  of  Wood  and 
Macalister,  who  make  its  relative  frequency  to  be  one  in  ten.  In  one 
case  I  have  found  two  supernumerary  heads  arising  in  this  region. 
The  upper  came  directly  from  the  insertion  of  the  coraco-brachialis, 
from  which  it  arose  by  a  tendinous  slip.  The  other  came  from  a 
point  about  an  inch  lower  down,  and  was  adherent  to  the  adjacent 
margin  of  the  brachialis  anticus.  Its  origin  was  entirely  fleshy.  An 
additional  origin  from  the  great  tuberosity  I  have  seen  in  one  case. 
It  has  also  been  described  by  Meckel  and  Macalister.  Under  the 
denomination  of  supernumerary  attachments  of  the  biceps  must  also 
be  classed  the  following  varieties,  which  have  been  described  under 

separate  names : — 
Brachio-radialis  (Gruber,  Theile,  &c.). — Arises  from  the  humerus 

between  the  insertion  of  the  deltoid  and  the  origin  of  the  supinator 
longus,  and  passing  down  close  to  the  outer  margin  of  the  biceps,  but 
distinctly  separate  from  the  latter,  to  be  inserted  with  it  into  the  tube- 

rosity of  the  radius.  I  have  found  this  muscle  extremely  well  deve- 
loped in  two  instances,  but  it  adhered  very  intimately  to  the  lower  part 

of  the  muscular  portion  of  the  triceps,  and  almost  inseparably  to  its 
tendon. 

Brachio-fascialis ;  hrachialis  accessories;  supinator  Irevis  accessorius 
2N2 
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(Struthers). — This  slip  arises  from  the  inner  side  of  the  biceps,  and 
passing  obliquely  downwards  and  inwards,  crosses  in  front  of  the 
brachial  artery,  and  is  inserted  into  the  fascia  over  the  pronator  radii 
teres.     Of  this  anomaly  I  have  met  with  fonr  examples. 

Bracliialis  anticus. — This  mnscle  I  have  found  in  three  instances 

completely  cleft  from  origin  to  insertion  —  but  its  attachments 
were  in  other  respects  quite  normal.  Continuity  of  its  outer  fibres 
with  those  of  the  supinator  longus,  as  described  by  Wood  and  Macalis- 
ter,  I  have  seen  in  one  case,  giving  rise  to  the  formation  of  a  tunnel 

through  which  passed  the  musculo-spiral  nerve  with  the  accompanying 
branch  of  the  superior  profunda  artery.  An  accessory  head  from  coraco- 
brachialis  I  have  seen  in  two  instances.  Of  its  inferior  attachments  I 

have  seen  the  following  varieties: — sending  a  slip  to  the  tendon  of  the 
pronator  radii  teres — this  I  have  observed  twice ;  a  slip  to  the  supinator 
longus  below  the  level  of  the  elbow  joint — this  I  have  seen  occurring 
on  both  sides  in  one  subject ;  a  slip  to  the  flexor  sublimis  digitorum — 
of  which  I  found  one  example  in  a  very  muscular  subject  (male). 

Bracliialis  interyius  minor. — Of  this  muscle,  which  is  but  a  detached 
slip  of  the  brachialis  anticus,  I  have  met  with  three  specimens  in  forty- 
nine  subjects.  In  two  cases  it  lay  on  the  radial  side  of  the  muscle, 
and  was  inserted  into  the  radius  at  the  inferior  part  of  the  bicipital 
tuberosity  ;  in  one  it  lay  on  the  inner  side  of  the  muscle,  and  was  in- 

serted separately  a  little  below  the  level  of  coronoid  process. 
Triceps  Irachii. — I  have  seen  few  noteworthy  variations  from  the 

typical  attachments  of  this  muscle.  Apparent  direct  continuity  of  the 
triceps  and  anconeus  I  have  several  times  observed.  A  distinct  slip 
from  the  tendon  of  the  subscapularis  at  its  attachment  of  the  lesser 
tuberosity  I  have  once  seen.  In  two  cases  of  seventeen  subjects 
(which  were  specially  examined  for  it)  I  found  a  bursa  between  the 
internal  part  of  the  triceps  and  the  ulnar  nerve  as  it  lies  behind  the 
epitrochlea.  {Bursa  mucosa  retro-ejntrochlearis  of  Gruber.)  I  have 
noted  four  examples  of  the  accessory  slip  from  the  lower  border  of  the 
tendon  of  the  latissimus  dorsi,  described  by  Professor  Halbertsma  under 
the  name  of  anco7ieus  quintus. 

Another  muscular  slip  has  been  described  under  the  name  of  anconeus 

quintus  (vel  minimus)  ;  epitroclileo-anconeus  (of  Gruber) ;  anconeus  epi- 
trocldearis  (Wood). — This  muscle  arises  from  the  back  of  the  inner 
condyle  of  the  humerus,  and  is  inserted  into  the  olecranon  process  of 
the  ulna.  Its  bulk  and  extent  of  attachment  are  very  various  ;  ac- 

cording to  most  authorities  it  would  seem  to  be  present  in  about 
a  fourth  of  the  subjects  examined. 

Suianconeus. — The  only  peculiarity  I  have  met  with  in  this  muscle 
is  the  frequency  of  its  absence.  Indeed  I  have  but  seldom  been  able 
to  define  its  existence  as  a  separate  muscle,  and  have  been  led  to  won- 

der why  it  is  described  in  all  the  hand-books  as  a  separate  muscle. 

"Under  the  head  of  the  anomalies  of  the  triceps  extensor  cubiti,  I 
would  also  include  the  slip  described  by  Gruber  under  the  name  of  the 
levator  tendinis  latissimi  dorsi.     It  arises  from  the  coraeoid  process  and 
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adjacent  part  of  the  capsule  of  the  shoulder- joint,  and  is  inserted  into 
the  upper  margin  of  the  tendon  of  the  latissimus  dorsi. 

Supinator  radii  longus  accessorius ;  Irachio-radialis  accessorius ; 
Irachio-radialis  hrevis  (vel  minor). — Arises  with  the  supinator  longus 
and  is  inserted  a  little  below  the  level  of  the  tuberosity  of  the  radius. 
I  have  seen  one  specimen :  it  is  present,  according  to  Krause,  in  about 
one  per  cent,  of  the  bodies  examined.  The  insertion  of  supinator  radii 
longus  I  have  found  double  in  one  case,  the  upper  tendon  being  attached 
to  the  outer  surface  of  the  radius  about  three  inches  above  the  level  of 

the  styloid  process.  The  radial  head  passed  between  it  and  the 
lower  tendon,  which  had  the  normal  insertion  of  supinator  longus. 

Extensor  carpi  radialis  accessorius  (Wood). — Arises  from  the  outer 
condyle  of  the  humerus  below  the  attachment  of  the  extensor  carpi 

radialis  longior,  and  travels  with  the  latter  muscle — passing  through 
the  same  groove  in  the  posterior  annular  ligament  of  the  wrist,  and 
goes  thence  to  its  insertion  into  the  base  of  the  first  metacarpal  bone. 
I  have  found  it  once  in  a  muscular  subject.  The  inferior  attachment  of 
this  muscle  may  be  into  the  back  of  the  scaphoid  bone,  or  base  of  first 
metacarpal,  or  into  both,  as  it  was  in  my  case  ;  or  into  outer  edge  of 
abductor  poUicis,  or  of  outer  head  of  flexor  brevis  pollicis. 

Pronator  radii  teres. — The  two  heads  of  this  muscle  I  have  found 
separate  through  their  whole  length  down  to  the  radial  insertion.  It 
occurred  in  three  instances ;  in  one  case  on  both  sides.  Twice  I  have 
seen  a  third  head  arising  from  the  ulna  about  two  inches  below  the 
level  of  the  coronoid  process. 

Flexor  carpi  radialis. — This  muscle  I  have  seen  in  four  instances 
taking  an  accessory  slip  from  the  inner  margin  of  the  coronoid  process 
of  the  ulna.  In  two  of  them  the  median  nerve  passed  between  the 
heads.  With  regard  to  its  insertion,  I  agree  with  Professor  W.  Krause 
in  making  the  normal  one  to  be  into  both  second  and  third  metacarpal 
bones.  This  I  found  to  be  the  case  in  nineteen  out  of  thirty-four 
specimens  of  the  muscle,  in  which  the  attachments  were  made  out  with 
care.  In  one  of  these  cases  the  insertion  was  into  the  trapezium ;  in 
another  into  trapezium  and  second  metacarpal ;  in  another  into  third 
and  fourth  metacarpal. 

Flexor  carpi  radialis  hrevis  (v.  profundus') ;  radio-carpus  (Fano) ; 
radialis  internus  brevis  v.  minor,  v.  profundus  (Gruber). — One  well- 
developed  specimen  of  this  muscle  was  found  among  the  thirty-four 
subjects  whose  fore-arms  I  specially  examined  for  muscular  anomalies. 
The  origin  was  from  the  radius  outside  the  flexor  pollicis  longus, 
reaching  from  the  lower  end  of  the  oblique  line  down  to  about  the 
junction  of  middle  with  lower  third  of  outer  edge  of  pronator  quadra- 
tus.  Its  tendon  passed  through  a  separate  canal  in  the  anterior  an- 

nular ligament  close  to  that  for  the  flexor  carpi  radialis,  and  divided 
into  two  slips,  which  went  to  be  inserted  into  the  front  of  the  bases  of 
the  second  and  third  metacarpal  bones.  I  have  met  since  with  two 
other  specimens  of  this  muscle,  similar  in  origin,  but  neither  nearly  so 
well  developed.  The  insertion  varied  in  each  case  :  one  was  inserted 
into  the  trapezium  (the  true  radio  carpus  of  Fano) ;   the  other  was 
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inserted  by  two  slips  into  trapezium  and  base  of  second  metacarpal 
bone  {radio-cavpo-metacarpcdis). 

Falmaris  longus. — This,  which,  enjoys  the  distinction  of  being  the 
most  variable  muscle  in  the  body,  I  found  absent  in  four  of  thirty -four 
subjects.  In  one  case  the  deficiency  was  symmetrical ;  in  the  other 
three  unilateral — two  on  the  left  side,  one  on  the  right.  In  the  case 
of  bilateral  absence,  the  subject  was  a  female,  the  others  were  males. 
A  second  head  from  the  coronoid  process  was  present  in  two  instances. 
There  was  one  example  in  which  the  fleshy  belly  was  two  and  a-half 
inches  in  length.  In  one  case  the  tendon  was  inserted  directly  into 
the  outer  margin  of  the  abductor  poUicis,  just  below  its  origin. 

I  have  since  met  with  a  specimen  in  which  the  insertion  was  into 
the  tuberosity  of  the  scaphoid  bone.  Also  an  example  of  doubling  of  the 
muscle,  both  heads  coming  from  the  internal  condyle,  but  the  second 
head  lying  beneath  the  other,  and  not  coming  from  the  common  tendon. 
The  deep  head  has  received  the  name  of  'pcdmaris  longus  accessorius 
(Krause). 

Flexor  digitorum  sidtlimis. — Absence  of  the  tendon  for  the  little 
finger  I  have  observed  in  three  instances.  The  index  flexor  I  have, 
in  two  cases,  found  quite  distinct  from  the  rest  of  the  muscle,  from 
its  origin  to  its  insertion. 

Flexor  carfi  idnaris. — This  muscle  I  have  once  found  wholly  inserted 
into  the  anterior  annular  ligament.  The  palmaris  longus  was  absent. 

Flexor  carpi  idnaris  hrevis. — Of  this  muscle  I  have  met  with  one 
specimen.  The  origin  was  from  the  ulna,  inside  the  upper  end  of  the 
flexor  digitorum  sublimis,  for  about  two  inches  in  length.  It  passed 
through  a  separate  canal  in  the  anterior  annular  ligament,  and  was 
inserted  into  the  base  of  the  fourth  metacarpal  bone. 

Flexor  digitorum  profundus. — The  only  notable  variety  of  this 
muscle  I  have  seen  was  a  complete  isolation  of  the  index  portion  along 

its  whole  length.  This  occurred  twice  in  thirty-four  subjects  exa- 
mined; and  I  have  seen  some  other  examples,  of  which  I  took  no  note. 

Flexor  digitorum  proficndus  accessorius ;  muscidus  accessorius  ad  digi- 
torum profundum  (Grantzner). — One  example  of  this  muscle  I  have 

seen  arising  from  the  inner  side  of  the  coronoid  process;  it  formed  two 
tendons  which  went  to  the  middle  and  little  fingers.  The  tendons 
pierced  the  corresponding  ones  of  the  sublimis,  and  were  accompanied 
by  very  small  tendinous  bands  from  the  normal  fiexor  profundus. 

Flexor  pollicis  longus. — This  muscle  received,  in  two  cases  of  the 
thirty -four  subjects  specially  examined,  an  accessory  head  from  the 
internal  condyle.  The  coronoid  head,  which  in  some  form  was  pre- 

sent in  eighteen  cases,  arose  separately  in  nine ;  in  common  with  the 
deep  head  of  pronator  radii  teres,  in  three ;  closely  adherent  to  the  coro- 

noid head  of  flexor  sublimis  digitorum,  in  four;  and  by  a  slip  common 
to  all  three  in  the  remaining  two.  An  accessory  slip,  coming  directly 
from  the  fleshy  fibres  of  the  flexor  sublimis  digitorum,  was  present  in 
one  case ;  and  such  a  muscular  bundle  is  mentioned  by  Krause  under 
the  name  oi  fascicidiis  exilis. 

Pronator  radii  quadratus. — Complete   separation  into   two   parts 
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occurred  twice  in  thirty -four  subjects,  and  I  have  seen  several  other 
examples.  The  bilaminar  form  described  by  Meckel  and  Macalister 
occurred  once.  Once  the  muscle  almost  formed  a  triangle,  the  trun- 

cated apex  of  which  was  formed  by  the  radial  end. 
Ciilito-carpeus. — This  rare  muscle  arises  from  lower  end  of  ulna, 

where  it  is  in  close  cotitact  with  the  pronator  quadratus,  form- 
ing, in  fact,  a  detached  portion  of  the  latter ;  and  it  passes  inwards  to 

be  inserted  into  the  tuberosity  of  the  s&aphoid  bone  and  base  of  the 
first  metacarpal.  It  nearly  corresponds  to  the  ulno-carimlis  singularis 
anterior  of  Gruber ;  but  the  latter  is  large  at  its  ulnar  attachment  as 
the  normal  pronator,  and  is  wholly  inserted  into  the  carpus. 

Tensor  ligamenti  annularis  (v.  orhicularis)  dorsalis  (v.  posterior). — 
Arising  from  the  ulna  behind  the  lesser  sigmoid  cavity,  it  is  inserted 
into  the  posterior  surface  of  the  orbicular  ligament  of  the  radius.  I 
found  it  as  a  distinct  slip  six  times  in  thirty-four  subjects.  According 
to  Macalister,  its  proportional  frequency  as  a  separate  muscle  is  twenty- 
five  per  cent,  of  subjects  examined;  according  to  Gruber  it  has  been 
found  in  seventy-four  per  cent,  of  fore-arms. 

Tensor  ligamenti  annularis  (v.  orlicularis)  volaris  (v.  anterior). — 
Arises  from  the  coronoid  process  of  the  ulna,  and  is  inserted  into  the 
anterior  surface  of  the  orbicular  ligament  of  the  radius.  It  is  much 
less  frequently  seen  than  the  other  :  it  occurred  in  my  cases  twice  in 
thirty -four  subjects:  according  to  Krause,  the  average  frequency  of  its 
occurrence  is  seven  per  cent. 

Supinator  radii  hrevis  accessorius. — Is  a  small  slip  from  the  brachialis 
anticus,  going  to  the  tubercle  of  the  radius.    I  have  seen  two  specimens. 

Extensor  carpi  radialis  longior;  Irevior. — These  muscles  I  have  found 
completely  inseparable  five  times  in  thirty -four  bodies.  In  one  of  the 
cases  three  tendons  were  given  off — one  to  the  second  metacarpal  bone, 
two  to  the  third.  In  another  instance  a  normal  longior  sent  an  acces- 

sory tendon  to  accompany  that  of  brevior.  Brevier  had  a  double  in- 
sertion in  two  of  the  fore-arms  into  second  and  third  metacarpal  bones. 

Extensor  communis  digitorum. — Absence  of  the  little  finger  tendon 
occurred  in  three  of  the  subjects  already  referred  to.  Doubling  of  one 
or  more  of  the  tendons  occurred  in  a  large  proportion  of  cases,  but  I 
made  no  note  of  the  exact  number. 

Extensor  minimi  digiti. — This  was  completely  absent  in  one  instance. 
In  two  other  cases  there  was  a  double  tendon :  in  one  of  these  the  two 

slips  were  inserted  together ;  in  the  other  the  second  tendon  went  to 
the  metacarpal  bone  of  the  ring  finger.  In  one  case  the  muscle  was 
double,  the  second  part  forming  the  extensor  minimi  digiti  accessorius 
(Krause). 

Extensor  hrevis  digitorum  manus. — A  rudimentary  muscle,  which  is 
found  in  various  forms  of  development  on  the  back  of  the  hand.  The 
proportion  of  cases  in  which  it  occurs  is,  according  to  Krause,  from 
three  to  seven  per  cent.  It  arises  most  frequently  from  the  posterior 
annular  ligament  (Krause) ;  sometimes  from  the  end  of  the  radius 
( Albinus,  Humphry) ;  from  the  bases  of  one  or  more  of  the  metacarpal 
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bones  ("Wood,  jlilaealister,  &c.).  I  have  seen  but  one  specimen ;  it  arose from  the  bases  of  the  second  and  third  metacarpal  bones,  and  took  some 
fibres  from  the  adjacent  part  of  the  posterior  annular  ligament,  and 
gave  off  two  tendons  which  went  to  the  index  and  middle  digits — each. 
joining  with  the  corresponding  tendon  of  the  long  extensor. 

Extensor  ossis  metacarjji pollicis. — The  tendinous  end  of  this  muscle 
presents  very  frequent  variations.  I  have  seen  the  tendon  double ; 
the  second  slip  going  in  one  case  to  the  trapezium;  in  two  instances  to 
the  abductor  pollicis.  A  triple  tendon  occurred  once :  one  had  the  nor- 

mal attachment,  the  other  two  slips  went  to  the  trapezium,  and  to  outer 
edge  of  abductor  pollicis  respectively.  A  C[uratuple  tendon  existed  in 
one  case  :  two  of  the  slips  went  to  the  normal  insertion,  two  to  the  tra- 

pezium, and  one  to  become  fused  with  the  extensor  primi  intemodii 

pollicis. 
JExtensor  primi  internodii  pollicis. — This  muscle  was  completely 

absent  in  one  case ;  and  in  two  others  sent  an  accessory  tendinous 
slip  to  the  extensor  secundi. 

Of  the  muscles  of  the  thenar  eminence  few  notable  variations  were 
observed. 

AMiictor  pollicis  Irevis  alter;  abductor  pollicis  internus. — Of  this 
accessory  bundle  of  muscular  fibres — arising  with  the  normal  abduc- 

tor and  on  its  inner  side — I  have  seen  two  examples. 
Adductor  pollicis. — In  a  large  number  of  cases  (of  which,  indeed,  I 

kept  no  accurate  record)  the  radial  artery  divided  the  muscle  into  two 
parts,  as  has  been  specially  described  by  Bischoff,  who  has  given  the 
two  divisions  the  names  oi  adductor  pollicis  ollig^uus,  ojidL  adductor  polli- 

cis transversus  respectively. 
Abductor  minimi  digiti. — This  muscle  I  have  found  arising  by  two 

completely  separate  heads ;  one  from  the  pisiform  bone,  the  second 
from  the  anterior  annular  ligament. 

Lumbricales. — The  first  was  absent  twice  in  thiiiy-four  subjects. 
Both  first  and  second  were  absent  in  another. 

Psoas  parvus. — A  remarkable  specimen  of  this  muscle  was  met 
with  last  session.  It  had  the  usual  origin ;  but  the  insertion  was  into 
the  side  of  the  cartilage  between  third  and  fourth  lumbar  vertebrae. 

Iliacus  minor;  ilio-capsularis. — Analogous  to  the  subscapularis 
minor  in  upper  extremity.  Aiises  from  anterior  inferior  spine  and 
ilio-femoral  ligament,  and  is  inserted,  a  little  above  the  iliacus  tendon, 
into  the  spii'al  line. 

Tensor  xaginae  femoris. — In  one  case  the  origin  of  the  muscle  was 
three-quarters  of  an  inch  distant  from  the  anterior  superior  spine  of 
the  ilium.  The  only  other  variation  I  have  observed  is  the  great 
difference  in  the  length  of  its  fibres  in  different  subjects. 

Sartorim. — I  once  found  inserted  into  the  inside  of  the  capsule  of 
the  knee-joint. 

Adductor  minimus  (Henle) ;  adductor  quart  us  (Diemerbrock). — 
This  muscle  is  merely  the  upper  and  outer  part  of  adductor  magnus  ;  I 
consider  it  worthy  of  separate  mention  because  I  have  found  it  quite  a 
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distinct  muscle  in  the  vast  majority  of  cases  I  have  examined.  This 
has  also  been  the  experience  of  Professor  Macalister. 

Gluteus  quartus;  invertor  femoris ;  scansorius. — This  muscle  is  formed 
by  a  differentiated  portion  of  the  anterior  part  of  the  glutaeus  minimus. 

"When  present  its  origin  reaches  as  high  as  the  anterior  superior  spine of  the  ilium.     I  have  found  it  very  distinct  in  three  cases. 
Gemellus  superior. — This  muscle  I  have  found  frequently  absent. 

The  inferior  muscle  I  have  never  missed. 

Quadratus  femoris  was  found  completely  absent  in  two  instances. 
One  of  these  has  been  already  published. 

Biceps  flexor  cruris. — A  third  head  to  this  muscle  from  the  upper 
part  ̂ i  the  linea  aspera  I  have  once  seen.  Absence  of  the  short  head 
was  noted  in  two  instances. 

Gastrocnemius. — A  third  head  of  this  muscle  from  the  popliteal 
surface  of  the  femur  I  have  twice  seen  {gastrocnemius  tertius,  Krause). 
Accessory  fibres  of  outer  head  arising  from  the  external  lateral  liga- 

ment of  the  knee-joint  I  have  found  present  in  five  instances. 
Popliteus. — I  have  once  found  an  accessory  slip  to  this  muscle  arising 

above  the  normal  popliteus  from  the  external  condyle  of  the  femur. 
Tensor  capsuli  tihio-tar salts. — A  very  well  developed  specimen  of 

this  muscle  I  have  once  met  with,  arising  from  the  outer  surface  of  the 
tibia  for  the  lower  third,  below  and  outside  the  tibialis  anticus,  and  going 
to  be  inserted  into  the  anterior  annular  ligament  of  the  ankle-joint. 

Peroneus  quartus  (Otto) ;  sextus  (Macalister) ;  p.  accessorius. — Of 
this  muscle  I  have  found  one  well-developed  specimen  (already  pub- 

lished). It  arose  from  the  lower  part  of  outer  surface  of  fibula,  where 
its  fibres  were  found  continuous  with  the  lower  part  of  the  peroneus 
brevis.  The  insertion  was  into  the  outer  surface  of  the  os  calcis,  just 
behind  the  peroneal  tubercle. 

Peroneo-tihialis. — Arises  from  inner  side  of  fibula  just  below  the 
head,  and  is  inserted  into  the  oblique  line  of  the  tibia.  Krause  says 
it  is  present  in  eighteen  per  cent,  of  the  subjects  examined,  and  con- 

siders it  analogous  to  the  ulnar  head  of  pronator  radii  teres.  I  have 
found  it  four  times  in  forty -nine  subjects  in  which  it  was  specially 
looked  for. 

Pronator  pedis;  peroneo-calcaneus  internus. — Arises  from  the  fibula 
beneath  and  outside  the  origin  of  the  flexor  longus  pollicis,  and  is 
inserted  into  the  inside  of  the  os  calcis.  It  was  considered  by  Meckel 
to  be  the  analogue  of  the  pronator  quadratus  in  the  upper  extremity. 
I  have  seen  but  one  example.  The  insertion  was  into  the  sustentacu- 

lum tali. 

Besides  the  anomalies  enumerated  in  the  preceding  pages,  I  have 

in  my  possession  scattered  notes  of  a  considerable  number,  still  un- 
classified, chiefly  of  the  muscles  of  the  lower  extremity,  which  time 

has  not  permitted  me  to  tabulate,  but  of  which  I  shall  take  the 
€arliest  opportunity  that  time  may  afford  to  publish  a  complete  list. 
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LXIV.   PKELnrrNTAET  !N'OTE  ON  THE  PlANE  EEPEESEIfTATIOlSr  OP  CeETATN" 
PeOBIEMS    IN"    THE    DxNAMICS     OF    A     ElGID     BoDT.        Bv    EoBEKT 
S.  Ball,  LL.D.,  F.R.S. 

[Eead,  AprU  11,  1881.] 

The  present  Paper  applies  to  the  case  where  the  rigid  body  has 
freedom  of  the  third  order,  and  while  the  body  remains  in  or  near  to 
its  original  position.  Three  co-ordinates  will  then  specify  any  posi- 

tion which  the  body  can  attain.  Two  independent  co-ordinates  will 
specify  the  screw  about  which  the  body  is  twisting.  The  screws  in 
the  system  can  be  most  conveniently  designated  by  three  homogeneous 
co-ordinates  of  which  only  the  ratios  are  concerned.  The  representa- 

tion of  a  screw  is  therefore  analogous  to  the  representation  of  a  point 
in  a  plane  by  trilinear  co-ordinates.  The  object  of  this  Paper  is  to 
develop  this  analogy.  The  reader  is  presumed  to  be  acquainted  with 
the  elements  of  the  Theory  of  Screios. 

Let  6i,  6n,  62,  be  the  co-ordinates  of  a  screw  6,  referred  for  con- 
venience to  the  three  principal  screws  of  the  three-system,  which 

defines  the  freedom  of  the  body  (see  Theory  of  Screws,  p.  116). 

"We  can  also  denote  the  position  of  a  point  in  a  plane  by  the  three co-ordinates  Oi,  62,  O3,  and  hence  we  are  led  to  the  result  that 

To  each  screio  of  a  three-system  corresfonds  one  point  in  the  plane. 

The  converse  of  this  is  also  yenerally  true.  It  would  be  universally 
true  but  for  one  conic,  and  four  points  thereon,  of  a  very  remarkable 
character.  To  each  of  these  points  corresponds  a  whole  plane  of 
screws  in  the  three-system,  while  the  remaining  points  on  the  conic 
have  no  screws  corresponding  to  them. 

Two  screws  determine  a  cylinclroid,  and  the  co-ordinates  of  any 
third  screw  on  the  cylindroid  are  linear  functions  of  the  co-ordinates 
of  the  two  given  screws ;  and  hence 

To  each  cylindroid  of  screivs  lelonyiny  to  the  three-system  corresponds 
a  straiyht  line  in  the  plane. 

It  is  well  known  that  any  two  cylindroids  of  a  three-system  have 
one  common  screw.  This  theorem  becomes  sufficiently  obvious  when 
the  cylindroids  are  represented  by  right  lines,  the  common  screw  of 
course  corresponding  to  their  intersection. 

If  Pa,  p^,  Py,  be  the  pitches  of  the  three  principal  screws  of  the 
system  {Theory  of  Screivs,  p.  121),  then  the  pitch  pe  of  any  other 
screw  9  is  given  by  the  equation 

PaOi''  +P^e,'+Pye,'  -Pe  (^r  +  0,'  +  ei)  =  o. 
If  we  regard  pe  as  given,  then  this  equation  corresponds  to  a  conic 

section  in  the  plane.     To  each  pitch  p>e  will  correspond  a  different 
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conic.  All  the  conies  will  form  a  family  of  the  type  8  +  kS'  =  0,  and 
they  intersect  in  the  same  four  points.  These  points  are  defined  by 
the  equations 

Oi'  +  ̂o'  +  O-i"  =  0. 

The  first  of  these  equations  denotes  the  conic  -vrhich  corresponds  to 
the  screws  of  zero  pitch.  The  second  of  the  equations  denotes  the 
locus  of  the  screws  of  infinite  pitch.  It  is  the  exceptional  conic  just 
referred  to.  The  four  points  common  to  their  conies  are  of  indeter- 

minate pitch;  they  are  indeed  the  exceptional  points,  and  of  course 
they  are  imaginary. 

It  has  been  shown  (Theory  of  Screws,  p.  121)  that  the  locus  of  the 
screws  of  pitch  2^e  in  the  three-system  is  the  quadric 

(Pa  -Pe )  ̂̂   +  (P^  - Pe)  y-  +  (Py  -Pe)  s^  +  (Pa -Pe)(pp  - Pe){Py  - Pb)  =  0. 

This  is  the  real  part  of  the  locus,  but  the  complete  locus  contains  an 
imaginary  portion  also.  This  fact  is  at  once  exhibited  by  the  plane 
representation.  A  straight  line  in  the  plane  represents  a  cylindroid, 

«'.  e.  a  surface  of  the  third  degree.  It  hence  followed  that  a  conic  in 
the  plane  should  correspond  to  a  surface  of  the  sixth  degree.  We 
thus  learn  that  the  real  locus  of  the  screws  of  any  given  pitch  must 
be  a  surface  of  the  sixth  deyree,  and  that  consequently  the  quadric  with 
which  we  were  already  acquainted  requires  to  be  multiplied  by  a  fac- 

tor of  the  fourth  degree. 
It  can  be  shown  that  this  factor  is  the  product  of  the  four  planes^ 

produced  by  giving  variety  of  sign  to  the  coefficients  in 

"/p^  -PyX  \  V  p^  -  Pa  y  +  "/  Pa  -p^r. 

+  V" Pfi  -Py'y  Py  -Pa  V Pa.  -  P^  =   0. 

In  general,  ii  x,  y,  z  be  the  co-ordinates  of  a  point  on  a  screw 
belonging  to  the  system,  and  if  di,  60,  O3  be  its  co-ordinates,  then  we 
have 

^(^,2  +  ̂3')  -ye,e,-ze,es  +  {p^  -  py)  e,  e.  =  o, 

y(^3^  +  6^-)  -ze,6,-xe,e,  +  {p^  -pa)e,e,  =  o, 

s  (^1-  +  0.^)  -xe,e,-y6,6,  +  {pa  -  Pi)  ej.^o. 

In  the  present  case 

61"  :  0.'  :  62'  ::  p^  -  p^  :  p^  -  p„.  :  Pa  -  p^, 
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whence  each  of  these  equations  reduces  to 

-v/fJ^  -  i^y  «  +  V^Py  -  Po.y    +   y Pa.  -  Pp  S 

+  "/Pp  -  Py  V Py  -  Pa  ̂  Pa  '  Pfi    =0. 

Through  each  point  in  this  plane  a  line  can  be  drawn,  whose  direction 
cosines  are  proportional  to 

^yp^-Pv    "^Py-Pa,    V  fa- 
p^> 

It  is  remarkable  that  this  line,  besides  lying  in  the  plane,  is  also  normal 
thereto,  and  with  anyp)itch  ivhatever  this  line  will  be  a  screw  of  the  system. 

Each  of  these  planes  of  screws  will  correspond  to  one  of  the  four 
remarkable  points  through  which  all  the  pitch  conies  pass.  The  plane 
representation  of  the  screws  in  the  three-system  is  thus  seen  to  be  more 
complete  than  the  family  of  pitch  quadrics  which,  until  supplemented 
by  the  four  imaginary  planes,  is  not  an  adequate  locus  for  all  the  screws 
of  given  pitch. 

It  will  be  convenient  for  our  immediate  purpose  to  designate  the 
conies  by  the  pitches  to  which  they  correspond.  Thus  we  have  the 
%ero-pitch  conic,  the  infinite-pitch  conic,  and  their  points  of  intersection 
we  may  speak  of  as  th.e  fundamental  poijits. 

Let  6  and  <^  be  two  screws  of  the  system,  if  they  are  reciprocal 
then  {Screws,  p.  35) 

Pa  Ol  ̂1  +  Pp  O2  ̂2  +Py  O3  S^3  =  0, 

whence  we  deduce  the  result  that 

If  two  screws  are  reciprocal,  then  their  correspondiny  points  are  conju- 
gate with  respect  to  the  zero-pitch  conic. 

If  the  two  screws  were  at  right  angles,  then  we  would  have  the 
following  relation  between  their  co-ordinates  : 

di  4>i  +  $2  (J32 ,+  ̂3  ̂3  =  0  ; 
whence  we  find 

If  two  screws  are  reciprocal,  then  their  correspondiny  points  are  conju- 
gate with  respect  to  the  infinite-pitch  conic. 

It  will  also  be  easy  to  show  that 

The  anyle  between  two  screws  is  proportional  to  the  loyarithm  of  the 
anharmonic  ratio  in  lohich  the  line  joininy  their  correspondiny  points  is 

divided  by  the  infinite-pitch  conic} 

^  If  we  regard  tlie  infinite-pitch  conic  as  the  absolute,  then  the  angle  hetween 
two  screws  is  nothing  else  than  the  "distance"  in  the  non-Euclidian  sense  between 
their  two  corresponding  points. 
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The  vertices  of  the  self-conjugate  triangle  that  can  be  constructed 
with  respect  to  the  two  conies  correspond  to  screws  mutually  recipro- 

cal and  rectangular,  whence 

The  principal  screivs  of  the  three-system  correspond  to  the  vertices  of 
the  triangle  ivhich  is  self -conjugate  ivith  regard  to  the  zero-pitch,  and  the 
infinite-pitch  conic, 

For  the  determination  of  a  three-system  nine  data  are  required — 
for  example,  nine  data  will  give  the  pitch  quadric,  and  when  that  is 
known  the  rest  of  the  system  is  determined.  An  equal  number  of 
data  is  required  for  the  plane  representation.  Pive  of  these  may  con- 

veniently specify  the  zero-pitch  conic,  while  the  specification  of  the 
four  fundamental  points  thereon  will  absorb  the  remainder. 

The  conic  and  four  points  being  known,  the  self-conjugate  triangle 
is  determined ;  the  equation  of  the  conic  referred  to  that  triangle  is 

therefore  known,  and  thus  the  pitches  pa.,  p^,  Py  of  the  three  princi- 
pal screws  are  determined.  It  remains  to  be  shown  how  the  pitch  of 

the  screw  corresponding  to  any  other  point  in  the  plane  is  to  be  ascer- 
tained. 

It  is  not  difficult  to  prove  the  following  theorem  : — 

Measure  ojf  distances  p>a,  P^,  Py,  Pe  on  a  straight  line  from  an  arli- 
tra/ry  point,  then  the  anharmonic  ratio  of  the  four  points  thus  obtained  is 
equcd  to  the  anharmonic  ratio  tohich  the  point  corresponding  to  6  sultends 
at  the  four  fundamental  points. 

"We  are  now  able  to  construct  the  infinite-pitch,  or  any  other  pitch conic,  from  the  primitive  data,  as  the  problem  is  merely  to  draw  a 
conic  through  four  points  so  that  the  anharmonic  ratio  subtended  at 
those  four  points  by  a  variable  point  shall  be  given. 

Each  screw  of  a  three-system  has  one  screw  of  the  reciprocal  sys- 
tem parallel  to  it,  with  a  pitch  of  changed  sign.  If  we  take  a  plane 

representation  and  change  the  signs  of  all  the  pitches,  then  the  new 
arrangement  gives  the  screws  of  the  reciprocal  system  parallel  to  all 
those  of  the  old. 

Two  conies  can  be  described  through  the  four  fundamental  points 
to  touch  any  given  straight  line;  the  two  points  of  contact  will 
indicate  the  two  principal  screws  on  the  cylindroid  corresponding  to 
the  straight  Kne.  The  other  pitch  conies  will  cut  the  line  in  points 
which  form  an  involution,  each  pair  corresponding  to  the  two  screws 
of  the  same  pitch  on  the  cylindroid. 

The  polar  of  a  point  with  regard  to  the  zero-pitch  conies  corre- 
sponds to  the  cylindroid  which  is  the  locus  of  screws  in  the  three-system 

reciprocal  to  a  given  screw. 
On  each  cylindroid  one  screw  <^  reciprocal  to  a  given  screw  6  can 

be  found.  It  is  only  necessary  to  take  the  polar  of  9  with  regard  to 
the  zero-pitch  conic,  and  the  point  in  which  it  intersects  the  line  cor- 

responding to  the  cylindroid  gives  the  required  screw. 
By  the  aid  of  the  plane  representation  we  are  enabled  to  solve  many 
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problems  in  the  dynamics  of  a  rigid  body  wbicb  has  freedom  of  the  tbird 
order. 

Let  an  impulsive  icrench  act  ujjon  a  quiescent  rigid  hody;  it  is  required 
to  determine  the  instantaneous  screio  about  ivMch  the  hody  will  commence  to 
twist. 

It  can  be  easily  shown  {Screios,  p.  59)  that  the  impulsive  wrench, 
ivherever  situated,  can  always  be  adequately  represented  by  an  impul- 

sive wrench  on  a  screw  of  the  three-system.  The  problem  is  therefore 
reduced  to  the  determination  of  the  point  corresponding  to  the  instan- 

taneous screw,  where  that  corresponding  to  the  impulsive  screw  is 
known.  In  the  special  case  where  the  freedom  degrades  to  the  rota- 

tion around  a  point,  the  problem  now  before  us  reduces  to  that  solved 
in  Poinsot's  celebrated  memoir. 

"We  have  first  to  draw  the  conic  of  which  the  equation  is  {Screws , 
p.  133) 

«i2  e^-  +  wo2  ei  +  ui  ̂3'  =  0. 

This  conic  is  of  course  imaginary,  being  in  fact  the  locus  of  screws 
about  which,  if  the  body  were  twisting  with  the  unit  of  twist  velocity, 
the  kinetic  energy  would  nevertheless  be  zero.  If  two  points  6,  (ft  are 
conjugate  with  respect  to  this  conic,  then 

tci^  61  ̂1  +  %-  6i  (jio  +  u-i-  63  <j!)3  =  0. 

The  screws  corresponding  to  0  and  (f)  are  then  what  we  have  called 
conjugate  screivs  of  inertia. 

This  conic  is  referred  to  a  self-conjugate  triangle,  the  vertices  of 
which  are  three  conjugate  screws  of  inertia.  It  is  possible  to  find  one 

self-conjugate  triangle  to  the  zero-pitch  conic,  and  to  the  conic  of 
inertia  just  considered.  The  vertices  of  this  triangle  are  of  especial 
interest.  Each  pair  of  them  correspond  to  a  pair  of  screws  which  are 
reciprocal,  as  well  as  being  conjugate  screws  of  inertia.  They  are 
therefore  what  we  have  designated  as  the  j!?rmcj}j«?  screws  of  inertia 
{Screivs,  chapter  YI.).  They  degenerate  to  the  principal  axes  of  the 
body  when  the  freedom  degenerates  to  the  special  case  of  the  rotation 
around  a  fixed  point. 

When  referred  to  this  self-conjugate  triangle,  the  relation  between 
the  impulsive  point  and  the  corresponding  instantaneous  point  can  be 
expressed  with  great  simplicity.  Thus  the  impulsive  point  ̂ ,  whose 
co-ordinates  are 

Oi  ̂ii  ̂   Pa. ;  ̂2  M2^  ̂  ]??. ;  ̂3  u-i  -^  p^, 

corresponds  to  the  instantaneous  poiat  whose  co-ordinates  are  d)_,  do,  6^. 
The  geometrical  construction  is  extremely  simple  when  derived  from 
the  theorem  thus  stated. 

If  (j>  denote  an  impulsive  screio,  and  6  denote  the  corresponding 
instantaneous  screw,  then  the  polar  of  ̂   with  regard  to  the  zero-pitch 
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conic  is  the  same  straight  line  as  the  polar  of  6  loith  regard,  to  the  inertia 
conic. 

If  ̂ be  tlie  virtual  coefficient  of  two  screws  6  and  t/,  then 

It  follows  that  the  locus  of  the  points  which  have  a  given  virtual  co- 
efficient with  a  given  point  is  a  conic  ̂   touching  the  conic  of  infinite 

pitch  at  two  points.  If  i/^  be  the  screw  whose  polar  with  regard  to 
the  infinite-pitch  conic  is  identical  with  the  polar  of  17  with  regard  to 
the  zero-pitch  conic,  then  all  the  screws  6  which  make  a  given  virtual 
coefficient  with  7/  are  equally  inclined  to  i/^.  It  hence  follows  that  all 
the  screws  of  a  three-system  which  have  a  given  virtual  coefficient 
with  a  given  screw  are  parallel  to  the  generators  of  a  right  circular 
cone.  All  the  screws  reciprocal  to  tj  form  a  cylindroid,  and  i/^  is  the 
one  screw  of  the  system  which  is  parallel  to  the  nodal  line  of  the 
cylindroid.  The  virtual  coefficient  of  xj/  and  7]  is  greater  than  that  of 
T]  with  any  other  screw. 

If  ̂   be  a  screw  about  which,  when  the  body  is  twisting  with  a 
given  twist  velocity  it  has  a  given  kinetic  energy,  then  we  must  have 

Mi^^i'-  +  u^-e^~  +  u^e^  -  7r(^i'  +  0,'  +  ̂3^)  .=  0, 

where  h^  is  a  constant  proportional  to  the  energy.  It  follows  that  the 
locus  of  6  must  be  a  conic  constantly  passing  through  the  four  points 
of  intersection  of 

Oi-  +  e,^  +  Oi'  -  0. 

The  four  points  in  which  these  two  conies  intersect  correspond  to  the 
screws  about  which  the  body  can  twist  with  indefinite  kinetic  energy. 
These  four  points  A,  B,  C,  D  being  known,  the  kinetic  energy  appro- 

priate to  every  point  P  can  be  readily  ascertained.  It  is  only  neces- 
sary to  measure  the  anharmonic  ratio  subtended  by  P,  ai  A,  B,  C,  D, 

and  to  set  off  distances  u^,  u-?,  u^,  h^  on  a  straight  line,  so  that  the  an- 
harmonic ratio  of  the  four  points  shall  be  equal  to  that  subtended  by 

P.  This  will  determine  7r,  which  is  proportional  to  the  kinetic  energy 
of  the  unit  twist  velocity  about  the  screw  corresponding  to  P. 

A  quiescent  rigid  body  of  mass  Jf  receives  an  impulsive  wrench  of 
given  intensity  on  a  given  screw  77 ;  determine  the  locus  of  the  screw  6 
belonging  to  the  three-system,  such  that  if  the  body  be  constraiaed  to 
twist  about  ̂ ,  it  shall  acquire  a  given  kinetic  energy. 

2  Tlie  non-Euclidian  geometer  will  regard  all  such  conies  as  "  circles." 
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It  follows  at  once  {Theory  of  Screivs,  p.  136)  that  we  must  have 

where  -2"  is  proportional  to  the  kinetic  energy.     The  required  locus  is therefore  a  conic  having  double  contact  with  the  inertia  conic. 
It  is  easy  to  prove  from  this  that  S  will  be  a  maximum  if 

U^6l  '-PaVl    =    'th%  ••PpV2    =    ii3%  '•  Py'm\ 

whence  we  have  Euler's  well-known  theorem  that  if  the  bodybe  allowed 
to  select  the  screw  about  which  it  will  twist,  the  kinetic  energy  acquired 
will  be  larger  than  when  the  body  is  constrained  to  a  screw  other  than 
that  which  it  naturally  chooses. 

A  somewhat  curious  result  arises  when  we  seek  the  interpretation 
of  a  tangent  to  the  inj&nite  pitch  conic.  This  tangent  must,  like  any 
other  straight  line,  correspond  to  a  cylindroid;  and  since  it  is  the  polar 
of  the  point  of  contact,  it  follows  that  every  screw  on  the  cylindroid 
must  be  at  right  angles  to  the  direction  corresponding  to  the  point  of 
contact.  The  co-ordinates  of  the  point  of  contact  must  therefore  be 
proportional  to  the  direction  cosines  of  the  nodal  line  of  the  cylindroid. 

If  the  body  be  in  equilibrium  under  the  action  of  a  conservative 
system  of  forces,  then  there  is  a  conic  (analogous  to  the  conic  of  iner- 

tia) which  denotes  the  locus  of  screws  about  which  the  body  can  be 
displaced  to  a  neighbouring  position,  so  that  even  as  far  as  the  second 
order  of  small  quantities  no  energy  is  consumed.  The  vertices  of  the 
common  self  conjugate  triangle  of  this  conic  and  the  conic  of  inertia 
correspond  to  the  harmonic  screws  about  which,  if  the  body  be  once 
displaced,  it  will  continue  for  ever  to  oscillate. 

The  further  development  of  the  subject,  on  which  this  Paper  is  a 
preliminary  note,  must  form  the  basis  of  a  future  and  more  extensive 
memoir. 
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LXV. — On   Homogeaphic    Screw   Systems.      By   Eobeet   S.   Ball, 
LL.D.,  F.E.S. 

[Read,  May  9tli,  1881.] 

I  HAVE  lately  ascertained  that  several  of  the  most  important  parts  of 
the  Theory  of  Screws  can  be  embraced  in  a  more  general  theory.  I 
propose  in  the  present  Paper  to  sketch  this  general  theory.  It  will  be 
found  to  have  points  of  connexion  with  the  modern  higher  geometry  ; 
in  particular  the  theory  of  Homographic  Screws  is  specially  connected 
with  the  general  theory  of  correspondence.  I  believe  it  will  be  of 
some  interest  to  show  how  these  abstract  geometrical  theories  may  be 
illustrated  by  dynamics.  The  intimate  alliance  which  exists  between 
the  higher  branches  of  rigid  dynamics  and  the  higher  branches  of 
modern  geometry  is  perfectly  natural.  This  will,  I  hope,  be  sufficiently 
illustrated  in  the  present  Paper.  Among  the  more  recondite  theorems 
in  rigid  dynamics  is  that  of  the  existence  of  a  number  of  principal 
screws  of  inertia  equal  to  the  number  of  degrees  of  freedom  which  the 
body  enjoys.  Yet  we  shall  show  in  this  Paper  that  this  is  an  instan- 

taneous consequence  of  the  purely  geometrical  theory  of  homographic 
screws. 

We  commence  with  the  most  general  case  in  which  the  screws  may 
be  regarded  as  existing  anywhere  in  space.  I  may  remind  the  reader 
that  a  screiv  in  the  present  sense  of  the  word  denotes  a  right  line  of 
specified  situation  and  direction  with  which  the  linear  magnitude 
termed  the  piicli  is  associated. 

Given  one  screw  a,  it  is  easy  to  conceive  that  another  screw  yS  corre- 
sponding thereto  shall  be  also  determined.  We  may,  for  example, 

suppose  that  the  co-ordinates  of  jS  (see  Theory  of  Screws,  p.  33)  shall 
be  given  functions  of  those  of  a,  or  we  may  imagine  a  geometrical 
construction  by  the  aid  of  fixed  lines  or  curves  by  which,  when  an  a  is 
given,  the  corresponding  /3  shall  be  forthwith  known  :  again,  we  may 
imagine  a  connexion  involving  dynamical  conceptions  such  as  that, 
when  a  is  the  seat  of  an  impulsive  wrench,  (3  is  the  instantaneous 
screw  about  which  the  body  begins  to  twist. 

As  a  moves  about,  so  will  the  corresponding  screw  /5 :  we  thus  have 
two  corresponding  screw  systems  generated.  Eegarding  the  connexion 
between  the  two  systems  from  a  purely  analytical  point  of  view,  the 
co-ordinates  of  a  and  jB  will  be  connected  by  certain  equations.  It  will 
not  generally  happen  that  a  single  screw  /?  corresponds  to  a  single 
screw  a,  and  that  conversely  a  single  screw  a  corresponds  to  a  single 
screw  jB ;  but  ivlien  this  does  happen  the  tivo  systems  of  screws  are  said 
to  be  homographic. 

A  screw  a  in  the  first  system  has  one  corresponding  screw  jB  in 
the  second  system  ;  so  also  to  y8  in  the  second  system  corresponds  one 

screw  a'  in  the  first  system.     It  will  generally  be  impossible  for  a  and 
R.I.  A.  PROC,  SER.  II.,  VOL.  III. — SCIENCE.  2  0 
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a'  to  coincide,  but  cases  may  arise  in  which  they  do  coincide,  and  these will  be  discussed  further  on. 

From  the  fundamental  property  of  two  homographic  screw  systems 
it  follows  that  the  co-ordinates  of  ̂  must  be  expressed  by  six  equations 
of  the  type — 

A  =/i  («!'   •    •    .   ae) 
&c.,  &c., 

A   =/6    («i»     •     •     •     «6)- 

If  these  six  equations  be  solved  for  ai  .  .  .  og  we  must  have — 

ai  =  F^  (A,  ...  A) 
&c.,  «&c., 

ae  =  F,  (/3i,    .    .    .   A). 

It  can  be  easily  shown,  that  if  ai,  a^  .  .  .  a^  are  to  have  unique  values, 
then  these  equations  must  be  linear ;  whence  we  have  the  following 

important  result : — 

In  two  homographic  screw  systems  the  co-ordinates  of  a  screw  in  o?ie 
system  are  linear  functions  with  constant  coefficients  of  the  co-ordinates 
of  the  corresponding  screw  in  the  other  system. 

If  we  denote  the  constant  coefficients  by  the  notation  (11)  (22),  &c., 
then  we  have  the  following  system  of  equations  :  — 

A  =  (11)  ai  +  (12)  a2  +  (13)  aj  +  (14)  04  +  (15)  aj  +  (16)  a^, 

yS^  =  (21)  ai  +  (22)  a2  +  (23)  a.  +  (24)  a^  +  (25)  a,  +  (26)  ag, &c., 

/^e  =  (61)  ai  -f  (62)  ao_  +  (63)  a^  +  (64)  a^  +  (65)  a^  +  (66)  ag. 

It  is  now  easy  to  show  that  there  are  six  screws  which  coincide 
with  their  corresponding  screws  ;  for  if  A  =  paj,  A  =  paj,  &c.,  we  ob- 

tain an  equation  of  the  sixth  degree  for  the  determination  of  p.  "We 
therefore  have  the  following  result : — 

In  tivo  homographic  screw  systems  six  screws  can  be  found,  each  of 
which  regarded  as  a  screw  in  either  system  coincides  with  its  correspondent 
in  the  other  system. 

In  two  homographic  rows  of  points  we  have  the  anharmonic  ratio 
of  any  four  points  equal  to  that  of  their  correspondents.  In  the  case 
of  two  homographic  screw  systems  we  have  a  set  of  eight  screws  in 
one  of  the  systems  specially  related  to  the  corresponding  eight  screws 
in  the  other  system. 

We  first  remark  that,  given  seven  pairs  of  corresponding  screws 
in  the  two    systems,    then  the   screw    corresponding  to  any   other 
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given  screw  is  determined.  For  from  the  six  equations  just  written 
by  substitution  of  known  values  of  ai  .  .  .  og  and  ̂ i  .  .  .  /3s,  we  can 
deduce  six  equations  between  (11),  (12),  &c.  As,  however,  the  co-or- 

dinates are  homogeneous  and  their  ratios  are  alone  involved,  we  can 
only  use  the  ratios  of  the  equations  so  that  each  pair  of  screws  gives 
five  relations  between  the  36  quantities  (11),  (12),  &c.  The  seven 
pairs  thus  give  35  relations  which  suffice  to  determine  linearly  the 
ratios  of  the  coefficients.  The  screw  /3  corresponding  to  any  other 
screw  a  is  completely  determined ;   we  have  therefore  proved  that — 

When  seven  corresponding  ̂ jff//-.s  of  screws  are  given,  the  two  hornogra- 
pJiic  screw  systems  are  completely  determined. 

A  perfectly  general  way  of  conceiving  two  homographic  screw 
systems  maybe  thus  stated: — Decompose  a  wrench  of  given  intensity  on 
a  screw  a  into  wrenches  on  six  arbitrary  screws.  Multiply  the  inten- 

sity of  each  of  the  six  component  wrenches  by  an  arbitrary  constant ; 
construct  the  wrench  on  the  screw  /S  which  is  the  resultant  of  the 
six  components  thus  modified  ;  then  as  a  moves  into  every  position  in 
space,  and  has  every  fluctuation  in  pitch,  so  will  (B  trace  out  the  homo- 
graphic  screw  system. 

It  is  easily  seen  that  in  this  statement  we  might  have  spoken  of 
twist  velocities  instead  of  wrenches. 

The  seven  pairs  of  screws  of  which  the  two  systems  are  defined 
cannot  be  always  chosen  arbitrarily.  If,  for  example,  three  of  the 
screws  were  co-cylindroidal,  then  the  three  corresponding  screws 
must  also  be  co-cylindroidal,  and  can  only  be  chosen  arbitrarily  subject 
to  this  imperative  restriction.  More  generally  we  shall  now  prove 
that  if  any  n  +  1  screws  belong  to  an  ?^-system  {Scretos,  p.  38),  then 
the  w  +  1  corresponding  screws  will  also  belong  to  an  w-system. 
If  «  +  1  screws  belong  to  an  w-system  it  will  always  be  possible  to 
determine  the  intensities  of  certain  wrenches  on  the  n  +  1  screws 

which  when  compounded  together  will  equilibrate.  The  conditions 
that  this  shall  be  possible  are  easily  expressed.  Take,  for  example, 
n  =  3,  and  suppose  that  the  four  screws  a,  j3,  y,  8  are  such  that  suitable 
wrenches  on  them,  or  twist  velocities  about  them,  neutraKze.  It  is 
then  obvious  (see  Screws,  ch.  Y.)  that  each  of  the  determinants  must 
vanish  which  is  formed  by  taking  four  columns  from  the  expression — 

o-i. tto, 

013, 

O-l, 
do, 

Ofi, 

A, 
A, 

/?3, 

A, 
1^. 

A, 7i' y2» 
73, 

7^' 7.5, 

76' 

S:, 
82, S3, 

S„ 

85, 

8e 

but  it  is  easy  to  see  that  these  determinants  will  equally  vanish  for  the 
corresponding  screws  in  the  homographic  system ;  for  if  we  take  for 

2  0  2 
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reference  the  six  common  screws  of  the  two  systems,  then  we  have  at 
once  for  the  co-ordinates  of  the  screw  corresponding  to  a — 

(ll)ai,        (22)03,        (33)a3,        (44)  a^,        {5  b)  a,,        (66) ««. 

"When  these  substitutions  are  made  in  the  determinants  it  is  obvious 
that  they  still  yanish  ;  we  hence  have  the  important  result  that 

The  screws  corresponding  homographically  to  the  screivs  of  an  n-system 
form  another  n-system. 

Thus  to  the  screws  on  a  cylindroid  will  correspond  the  screws  on 
a  cylindroid.  It  is,  however,  important  to  notice  that  two  reciprocal 
screws  have  not  in  general  two  reciprocal  screws  for  their  correspon- 

dents. We  thus  see  that  while  two  reciprocal  screw  systems  of  the  n*^ 
and  (6  -  7i'^)  orders  respectively  have  as  correspondents  systems  of 
the  same  orders,  yet  that  their  connexion  as  reciprocals  is  divorced  by 
the  homographic  transformation. 

Reciprocity  is  not  therefore  an  invariantive  attribute  of  screws  or 
screw  systems.  There  are,  however,  certain  functions  of  eight  screws 
analogous  to  anharmonic  ratios  which  are  invariants.  These  functions 

are  of  considerable  interest,  and  they  are  not  without  physical  signifi- 
cance. 

"We  have  ohQ&dij  {Screws,  p.  163)  discussed  the  important  function of  six  screws  which  is  caUed  the  Sextant.  This  function  is  most 

concisely  written  as  the  determinant  (ai  /So  y^  84  €5  te)  where  a,  /3,  y, 

8,  e,  I,  are  the  screws.  In  Sylvester's  language  we  may  speak  of 
the  six  screws  as  being  in  i^ivolution  when  their  sexiant  vanishes. 
Under  these  circumstances  six  wrenches  on  the  six  screws  can 

equilibrate ;  the  six  screws  all  belong  to  a  5-system,  and  they 
possess  one  common  reciprocal.  In  the  case  of  eight  screws  we 

may  use  a  very  concise  notation;  thus  12  will  denote  the  sexiant  of  the 
six  screws  obtained  by  leaving  out  screws  1  and  2.  It  will  now  bfr 
easv  to  show  that  functions  of  the  following  form  are  invariants  : — 

12  .  34 

13  .  24. 

It  is  in  the  first  place  obvious  that  as  the  co-ordinates  of  each  screw 
enter  to  the  same  degree  in  the  numerator  and  the  denominator,  no 
embarrassment  can  arise  from  the  arbitrary  common  factor  with  which 
the  six  co-ordinates  of  each  screw  may  be  affected.  In  the  second 
place  it  is  plain  that  if  we  replace  each  of  the  co-ordinates  by  those  of 
the  corresponding  screw,  the  function  will  still  remain  unaltered,  as  all 

the  factors  (11), ""(22),  &c.,  will  divide  out.  We  thus  see  that  the function  just  written  will  be  absolutely  unaltered  when  each  screw  is 
cliaiiged  into  its  corresponding  screw. 
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By  the  aid  of  these  invariant  functions  it  is  easy,  when  seven  pairs 

of  screws  are  given,  to  construct  the  screw  con-esponding  to  any  given 
eighth  screw.  We  may  solve  this  problem  in  various  ways.  One  of 
the  simplest  will  be  to  write  the  five  invariants 

12  .38        13  .  48        14  .  58        15  .68        16  .  78 

13  .28        14  .  38        15  .48        16  .  58        17  .  68 

These  can  be  all  computed  from  the  given  eight  screws  of  one  system ; 
hence  we  have  five  linear  equations  to  determine  the  ratios  of  the 
coefficients  of  the  required  eighth  screw  of  the  other  system. 

It  would  seem  that  of  all  the  invariants  of  eight  screws,  five  alone 
can  be  independent.  These  five  invariants  are  attributes  of  the  eight- 
screw  system,  in  the  same  way  that  the  anharmonic  ratio  is  an  attri- 

bute of  four  coUinear  points.  The  curious  inquirer  may  be  tempted 
to  speculate  on  the  analogy  between  a  group  of  eight  screws  which 
satisfy  one  or  more  of  the  conditions 

12  .  38  ̂   Ti  .  28  =  0, 

and  a  row  of  four  j)oints,  whereof  two  cut  the  other  pair  harmo- 
nically. 

The  invariants  are  also  very  easily  deduced  by  considerations  of  a 
mechanical  nature.  It  is  not  hard  to  conceive  that  to  a  dyname  on 
one  screw  corresponds  a  dyname  on  the  corresponding  screw,  and  that 
the  ratio  of  the  intensities  of  the  two  dynames  is  to  be  independent 
of  their  intensities.  AVe  may  take  a  particular  case  to  illustrate  the 
argument  : — Suppose  a  free  rigid  body  to  be  at  rest.  If  that  body  be 
acted  upon  by  an  impulsive  system  of  forces,  those  forces  will  consti- 

tute a  wrench  on  a  certain  screw  a.  In  consequence  of  these  forces 
the  body  will  commence  to  move,  and  its  instantaneous  motion  cannot 
be  different  from  a  twist  velocity  about  some  other  screw  [5.  To  one 
screw  a  will  correspond  one  screw  yS,  and  (since  the  body  is  perfectly 
free)  to  one  screw  /?  will  correspond  one  screw  a.  It  follows,  from 
the  definition  of  homography,  that  as  a  moves  over  every  screw  in 
space,  /?  will  trace  out  an  homographic  system.  .  .  .  Prom  the  laws  of 
motion  it  will  follow,  thiit  if  F  be  the  intensity  of  the  impulsive 
wrench,  and  if  V  be  the  twist  velocity  Avhich  that  wrench  evokes, 
then  F  ̂   Fwill  be  independent  of  i^and  V,  though,  of  course,  it  is 
not  independent  of  the  actual  position  of  a  and  /?. 

It  is  known  [Scretvs,  p.  171)  that  when  seven  wrenches  equilibrate 
(or  when  seven  twist  velocities  neutralize),  the  intensity  of  the  wrench 
(or  the  twist  velocity)  on  any  one  screw  must  be  proportional  to  the 
sexiant  of  the  six  non-corresponding  screws. 
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Let  i^i8,  i^28,  &c.,  F;^  be  the  intensities  of  seven  impulsive  wrenches- 
on  the  screws  1,2,..  .7,  which  equilibrate,  then  we  must  have 

-^18  _  -^28  _  o^,  _  F-i 

18         28  '       78  ' 
Similarly,  by  omitting  the  first  screw,  we  can  have  seven  impulsive 
wrenches  which  equilibrate,  where 

hence  we  have 

Fl2    _    Fi2    _     Fu    _    n         _  ̂  

12         13         14  'Is 

12  .  38      Fn  .  F^ 

12  .  28      -^13  •  -^2.' 

Let  the  instantaneous  twist  velocity  corresponding  to  F^^  be  de- 
noted by  Fjg,  then,  as  when  seven  wrenches  equilibrate,  the  seven 

corresponding  twist  velocities  must  also  equilibrate,  we  must  have  in 
the  corresponding  system, 

12  .  38  _   Fj.,  Fas 

13.28  ̂ 13    ̂ 28 

But  we  must  have  the  twist  velocity  proportional  to  the  impulsive 
intensity ;  hence,  from  the  second  pair  of  screws  we  have 

F.^: r,s: 

■■F,, 

:  F,,, 

and  from  tlie  third  pair, 

hence  we  deduce 
F38  : ■  F^ 

^13        ̂ 28  Fi3       Fos 

and,  consequently,  the  function  of  the  eight  impulsive  screws, 

T2  .  38 

13  .  28 

must  be  identical  with  the  same  function  of  the  instantaneous  screws. 

It  should,  however,  be  remarked,  that  the  impulsive  and  instan- 
taneous screws  do  not  exhibit  the  most  general  type  of  two  homogra- 

phic  systems.  A  more  special  type  of  homography,  and  one  of  very 
great  interest,  characterizes  the  two  sets  of  screws  referred  to.     As 
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this  special  type  is  also  of  importance  for  other  kinetic  problems,  it 
will  be  desirable  to  examine  into  its  general  character. 

If  the  general  linear  transformation,  which  changes  each  screw  a 
into  its  correspondent  6,  be  specialized  by  the  restriction  that  the 
co-ordinates  of  6  are  given  by  the  equations 

\dU 

Pi  (iai 

Pz  was 

&C., 

VdV 

PedoLs 
where  Z7  is  any  homogeneous  function  of  the  second  order  in  aj,  .  .  .  a^, 
and  where  pi,  .  .  .  pe  are  the  pitches  of  the  screws  of  reference,  then 
the  two  systems  are  related  by  the  special  type  of  homography  to 
which  I  have  referred. 

The  fundamental  property  of  the  two  special  homographic  systems 
is  thus  stated  : — 

Zet  a  and  (S  he  any  two  screws,  and  let  6  and  <^  he  their  correspon- 
dents, then,  when  a  is  reciprocal  to  cj},  (3  will  be  reciprocal  to  6. 

"We  may,  without  loss  of  generality,  assume  that  the  screws  of  re- 
ference are  co-reciprocal,  and  in  this  case  the  condition  that  (i  and  & 

shall  be  co-reciprocal  is 

PiMi  +P2M2  -  •  ■  •  +i?6A^6  =  0  ; 

but  by  substituting  for  6^  .  .  .  0^,  this  condition  reduces  to 

aa.  da 

Similarly,  the  condition  that  a  and  <^  shall  be  reciprocal  is 

dU  dU 

dpi  d/3e 

It  is  obvious  that  as  His  an  homogeneous  function  of  the  second  de- 
gree, these  two  conditions  are  identical,  and  the  required  property  has 

been  proved. 
It  is  easily  shown  that  by  suitable  choice  of  the  screws  of  reference 

the  function  C^may,  in  various  ways,  be  reduced  to  the  sum  of  six 
square  terms.     We  now  proceed  to  show  that  this  reduction  is  pos- 
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sible  in  one  way,  while  still  retaining  six  co-reciprocals  for  the  screws 
of  reference. 

The  pitch  pa.  of  the  screw  a  is  given  by  the  equation  {Screws, 
p.  35) 

Pa=Pia.i~  +  .  .  .  +  PqO^^: 

the  six  screws  of  reference  being  co-reciprocals,  the  function  pa.  must 
retain  the  same  form  after  the  transformation  of  the  axes.  The  dis- 

criminant of  the  function 
U+Xpa. 

equated  to  zero  will  give  six  values  of  X ;  these  values  of  X  will  de- 
termine the  coefficients  of  Um  the  required  form.  I  do  not,  however, 

enter  further  into  the  discussion  of  this  question,  which  belongs  to  the 

genei'al  theory  of  linear  transformations. 
The  transformation  having  been  effected,  an  important  result  is 

immediately  deduced.     Let  the  transformed  equation  be  denoted  by 

(11)  ai^H-  .  .  .  +  (66)a6-  =  0, then  we  have 

A  =  ̂̂ (66)ae; 

whence  it  appears  that  the  six  screws  of  reference  are  the  common 
screws  of  the  two  systems.  We  thus  find  that  in  this  special  case  of 
tomography 

The  six  common  scretvs  of  the  two  systems  are  co-reciprocal. 

It  is  proved  (Scretvs,  p.  48)  that  the  correspondence  between  im- 
pulsive screws  and  instantaneous  screws  is  of  the  type  here  referred 

to.  The  six  common  screws  of  the  two  systems  are  therefore  what  we 
have  called  the  j^rincipal  screws  of  inertia,  and  they  are  co-reciprocal. 

The  special  circumstances  under  which  a  screw  a  has  the  same  cor- 
respondent, whichever  of  the  two  systems  a  be  regarded  as  belonging 

to,  demands  a  few  words.  If  we  take  the  six  common  screws  of  the 
two  systems  as  the  screws  of  reference,  then  the  condition  stated  can 
only  be  fulfilled  when  the  relation  has  the  form 

A  =  ±  «^i» 

A  =  ±  as. 
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For  example,  if 

+   ai,         +    02,         +    tts,         +    04,         +    ttg,         +   Ofi 

be  the  co-ordinates  of  one  screw,  and  if 

-  tti,      +  ao_,      +  tta,      +  ai,      +  a^,      +05 

be  the  corresponding  screw,  then  the  two  systems  will  fulfil  the  re- 
quired condition.  We  thus  have  a  kind  of  screw  involution  analogous 

to  what  is  known  as  the  relation  of  involution  between  the  rows  of 

points  on  the  same  line. 
If  we  add  the  further  restriction,  that  the  six  common  screws  are 

co-reciprocal,  the  liomography  is  then  of  a  very  special  type.  The 
pitch  of  each  screw, 

pya{-  +  .  .  .  +2)5ai, 

is  equal  to  that  of  the  corresponding  screw,  and  the  virtual  coefficient, 

J9iai/3i  +  .  .  .  +2)ea6(3e, 

of  two  screws  is  equal  to  that  of  the  two  corresponding  screws.  In 
the  particular  case,  when  the  virtual  coefficient  is  zero,  we  see  that 
if  two  screws  be  reciprocal,  so  are  also  the  two  corresponding  screws. 
The  angle  <^  between  two  screws  is,  however,  not  preserved ;  for,  as 

shown  elsewhere,  ̂  

cos  (^  =  SttiySi   4-  %  {a^/32  +   OoySi)   Jh2, 

when  hi2  is  the  cosine  of  the  angle  between  the  two  screws  of  refe- 
rence, 1  and  2.  Cos  <^  is  thus  altered  when  the  signs  of  a^  and^j  are 

changed.  It  is  also  evident  that  the  perpendicular  distance  d  between 
the  two  screws  is  altered,  for  the  virtual  coefficient  is 

{Pa  +  Pp)  cos  (^  -  d  sin  (^.  \  [ 

"We  have  seen  that  this  function,  as  well  as  pa  and  jiP^s,  remain  un- altered; hence,  since  ̂   is  changed,  we  must  also  have  d  changed.  I 
have  not  hitherto  seen  any  instance  in  which  this  highly  specialized 
form  of  homography  is  presented  in  a  physical  question. 

There  is  a  form  of  correspondence,  very  frequently  of  importance, 
which  must  now  be  considered  in  detail.  For  the  sake  of  illustration, 

suppose  a  body  which  is  at  rest,  and  which  has  two  degrees  of  free- 
dom, be  struck  by  any  impulsive  system  of  forces.  These  forces  may 

constitute  a  wrench  of  any  pitch,  and  anywhere,  yet  the  movement 

'  Transactions  of  this  Academy,  vol.  xxv.  p.  306. 
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which  the  body  can  accept  is  limited,  and  the  body  can,  indeed,  only 
twist  about  one  of  the  singly  infinite  number  of  screws  which  consti- 

tute a  cylindroid.  To  any  screw  in  space  will  correspond  one  screw 
on  the  cylindroid.  But  will  it  be  correct  to  say,  that  to  one  screw  on  the- 
cylindroid  corresponds  one  screw  in  space  ?  The  fact  is,  that  there- 
are  a  quadruply  infinite  number  of  screws,  an  impulsive  wrench  on 
any  one  of  which  will  make  the  body  choose  the  same  screw  on  the 
cylindroid  for  its  instantaneous  movement.  The  relation  of  this  qua- 

druply infinite  group  is  well  known  in  the  Theory/  of  Screivs.  It  is 
shown  {Screivs,  p.  110)  that,  given  a  screw  a  on  the  cylindroid,  there 
is  one  screw  6  on  the  cylindroid,  an  impulsive  wrench  on  which  will 
make  the  body  commence  to  twist  about  a.  It  is  further  shown  that 
any  screw  wliatever  which  fulfils  the  single  condition  of  being  reci- 

procal to  a  single  specified  screw  on  the  cylindroid  possesses  the  same 
property.  The  screws  thus  form  a  5-system.  The  correspondence 
at  present  before  us  is  therefore  to  be  thus  stated — 

To  one  screw  in  space  corresponds  one  screw  on  the  cylindroid,  mid  to 
one  screiv  on  the  cylindroid  corresponds  a  5-system  in  space. 

We  may  look  at  the  matter  in  a  more  general  manner.  Consider 
an  m-system  [A)  of  screws,  and  an  ?^-system  {B)  {m>n).  If  we  make 
7n  =  6  and  n  =  2,  this  system  includes  the  system  we  have  been  just 
discussing.  To  one  screw  in  A  will  correspond  one  screw  in  B,  but 
to  one  screw  in  B  will  correspond,  not  a  single  screw  in  A,  but  an 
(m  +  1  —  n)  system  of  screws. 

'Li  m  =  n,  we  find  that  one  screw  of  one  system  corresponds  to  one 
screw  of  the  other  system.  Thus,  if  m  -  n  =  2,  we  have  a  pair  of 
cylindroids,  and  one  screw  on  one  cylindroid  corresponds  to  one  screw 
on  the  other.  A  set  of  four  screws  on  a  cylindroid,  being  all  parallel 
to  a  plane,  we  may  speak  of  the  anharmonic  ratio  of  four  co-cylin- 
droidal  screws,  and  we  obtain  the  result  that  it  is  equal  to  the  anhar- 

monic ratio  of  the  four  corresponding  screws  {Screws,  p.  106).  If 
m  =  3,  and  n  =  2,  we  see  that  to  each  screw  on  the  cylindroid  will  cor- 

respond a  whole  cylindroid  of  screws  belonging  to  the  3-system.  For 
example,  if  a  body  have  freedom  of  the  second  order,  a  whole  cylin- 

droid full  of  screws  can  always  be  chosen  from  any  3-system,  an  im- 
pulsive wrench  on  any  one  of  which  Avill  make  the  body  commence  to 

twist  about  the  given  screw. 
The  property  of  the  screws  common  to  the  two  homographic 

systems  will  of  course  require  some  modification  when  we  are  only 
considering  an  m-system  and  an  w-system.  Let  us  take  the  case  of  a 
3-8ystem  on  the  one  hand,  and  a  6-system,  or  all  the  screws  in  space, 
on  the  other  hand.  To  each  screw  a  of  the  S-system  A  must  corre- 

spond, a  4-system,  B  in  space.  The  screws  of  this  4-system  are  in 
such  profusion,  that  a  whole  cone  full  of  them  can  be  di-awn  through 
every  point  in  space.  Amid  this  multitude  it  is  most  interesting  to 
note  that  one  screw  jS  can  be  found,  which,  besides  belonging  to  B, 
belongs  also  to  A.     Take  any  two  screws  reciprocal  to  B,  and  any 
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three  screws  reciprocal  to  A,  then  the  single  screw  jB,  which  is  reci- 
procal to  the  five  screws  thus  found,  belongs  to  both  A  and  B.  We 

thus  see  that  to  each  screw  a  of  ̂ ,  one  corresponding  screw  in  the  same 
system  can  be  determined.  The  result  just  arrived  at  can  be  similarly 
shown  generally,  and  thus  we  find  that  when  every  screw  in  space 
corresponds  to  a  screw  of  an  w-system,  then  each  screw  of  the  n-system 
will  correspond  to  a  ( 7  -  ?i)  system,  and  among  the  screws  of  this 
system  one  can  always  be  found  which  lies  on  the  original  ?i-system. 

As  a  mechanical  illustration  of  this  result  we  may  refer  to  the 

theorem,  that  if  a  rigid  body  has  freedom  of  the  ?^"'  order,  then,  no 
matter  what  be  the  system  of  forces  which  act  upon  it,  we  may  always 
combine  the  resultant  wrench  with  certain  reactions  of  the  constraints, 

so  as  to  produce  a  wrench  on  a  screw  of  the  n-system  which  defines  the 
freedom  of  the  body,  and  this  wrench  will  be  dynamically  equivalent 
to  the  given  system  of  forces. 

It  is  easy  to  state  the  matter  analytically,  and  for  convenience  we 
shall  take  a  3-system,  though  it  will  be  obvious  that  the  process  is 
quite  general. 

Of  the  six  screws  of  reference,  let  three  screws  be  chosen  on  the 

3-system,  then  the  co-ordinates  of  any  screw  on  that  system  will  be 
ttj,  a2,  03,  the  other  three  co-ordinates  being  equal  to  zero.  The  co- 

ordinates of  the  corresponding  screw  ̂   must  be  indeterminate,  for 
any  screw  of  a  4-system  will  correspond  to  /?.  This  provision  is 
secured  by  ̂84,  /Jg,  /?6  remaining  quite  arbitrary,  while  we  have  for 
/?!,  IS^,  /?3  the  definite  values, 

^i  =  (ll)ai  +  (12)a.  +  (13)a3, 

)82  =  (21)  a,  +  (22)  ao  +  (23)  a„ 

yS3  =  (31)ai  +  (32)ao  +  (33)a3. 

If  we  take  ̂ 4,  [3^,  /?6,  all  zero,  then  the  values  of  ̂ 1,  /?2,  /?3,  just 
written,  give  the  co-ordinates  of  the  special  screw  belonging  to  the 
3-system,  which  is  among  those  which  correspond  to  a. 

As  a  moves  on  the  3-system,  so  will  the  other  screw  of  that 
system  which  corresponds  thereto.  There  will,  however,  be  three 
cases  in  which  the  two  screws  coincide ;  these  are  found  at  once  by 
making 

^1  =  po-i ;     ̂ 2  ==  po.2 ;     (Sz  =  pas, 

"whence  we  obtain  a  cubic  for  p. 
It  is  thus  seen  that  generally  n  screws  can  be  found  on  an  w-system, 

so  that  each  screw  shall  coincide  with  its  correspondent.  As  a  dyna- 
mical illustration  we  may  give  the  important  theorem,  that  when  a 

rigid  body  has  n  degrees  of  freedom,  then  n  screws  can  always  be 
found,  about  any  of  which  the  body  will  commence  to  twist  when  it 
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receives  an  impulsive  wrench  on  the  same  screw.    These  screws  are  the 
principal  screws  of  inertia. 

"We  have  already  seen  the  anharmonic  equality  between  four  screws on  a  cylindroid,  and  the  four  corresponding  screws ;  we  have  also 
shown  a  sort  of  quasi  anharmonic  equality  between  any  eight  screws 
in  space  and  their  correspondents.  More  generally,  any  n  +  2  screws 
of  an  w-system  are  connected  with  their  n  +  2  correspondents,  by  re- 

lations which  are  analogous  to  anharmonic  properties.  The  inva- 
riants are  not  generally  so  simple  as  in  the  8-screw  case,  but  we  may 

state  them,  at  all  events,  for  the  case  of  »  =  3. 
Pive  screws  belonging  to  a  3-system,  and  their  five  correspondents 

are  so  related,  that,  given  nine  of  them,  the  tenth  is  immediately  de- 
termined ;  for  this  two  data  are  required,  that  being  the  number  re- 

quired to  specify  a  screw  already  known  to  belong  to  a  given  3-system. 
We  may,  as  before,  denote  by  12  the  condition  that  the  screws 

3,  4,  5  shall  be  co-cylindroidal.  This,  indeed,  requires  no  less  than 
four  distinct  conditions,  yet,  as  pointed  out  {Screws,  p.  44),  functions 

can  be  found  whose  evanescence  will  supply  all  that  is  necessary.  JS^or 
need  this  cause  any  surprise,  when  it  is  remembered  that  the  evanes- 

cence of  the  sine  of  an  angle  between  two  lines  contains  the  two 
conditions  necessary  that  the  direction  cosines  are  identical.  The 
function 

12  .  34 

13  .  24 

can  then  be  shown  to  be  an  invariant  which  retains  its  value  unaltered 

when  we  pass  from  one  set  of  five  screws  in  a  3-system  to  the  corre- 
sponding set  in  the  other  system.  When  two  invariants  are  known, 

the  required  screw  is  determined. 
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LXVI.  Repoet  OH"  THE  Cleaeikg  of  Peatt  Watees.     Paet  I.     By 
GeEEAED    a.    KrN-AHAN". 

[Read,   May  9th,  18S1.] 

Introduction. 

In  the  spring  of  1880  Professor  Hartley,  P.R.S.E.,  suggested  tliat  I 
should  make  certain  experiments  on  peaty  waters,  as  he  had  observed 
that  some  peaty  streams  become  rapidly  decolourized,  while  others 

flow  for  considei'able  distances  without  undergoing  any  alteration. 
Besides  furnishing  me  with  some  observations  and  the  results  of 

some  experiments  he  had  made,  he  desii'ed  me  to  direct  my  attention 
specially  to  the  action  of  clays,  and  the  more  commonly  occurring 
lime  salts,  in  order  to  determine  whether  they  or  natural  oxidation 
of  the  peaty  matter  played  the  more  important  part  in  the  decolouriz- 

ing of  peaty  streams. 
Professor  Hartley  had  remarked  that  along  the  course  of  the  River 

Affaric,  in  Invernesshire,  flowing  from  Loch  Affaric  through  Loch  Bene- 
vian  to  join  the  River  Grlass,  a  distance  of  about  sis  miles  over  a  hard 
rocky  bed  (quartzite,  micaceous  schist,  and  basalt),  no  alteration  in 
the  colour  of  the  water  was  detected,  though  for  three  weeks  while 
the  observations  were  carried  on  no  rain  fell,  and  there  was  abundance 
of  sunshine,  the  stream  being  frequently  lashed  into  foam  along  its 
course. 

He  found  that  peaty  waters  can  be  partially  purified  by  an 
admixture  of  hard  water  of  about  26°  of  hardness  on  Clarke's 
scale.  Also  that  when  a  mixture  of  hard  water  and  soft  peaty  water 
was  softened  by  adding  lime  water,  the  calcic  carbonate  carried  down 
much  peaty  colouring  matter,  the  piuification  being  more  effectual 
than  in  the  last  case. 

He  ascertained  also  that  about  two  to  three  grains  of  sulphate  of 
alumina  were  sufficient  to  decolourize  ten  gallons  of  darkish  peaty 
water,  the  dark  brown  matter  settling  down  in  about  twenty-four 
hours.  Prom  this  it  might  be  anticipated,  as  was  actually  proved  by 
experiment,  that  certain  clays,  when  mixed  with  the  water,  would 
have  a  similar  effect. 

Professor  Hartley  also  remarks  that  Mr.  J.  Y.  Buchanan,  late  of 
the  scientific  staff  of  the  Challenger,  has  found  that  the  water  at  the 
bottom  of  some  of  the  Highland  Lochs  is  colourless,  while  the  sur- 

face water  is  peaty ;  the  material  at  the  bottom  being  blue  or  white 
clay.  One  particular  instance  of  this  occurs  at  Loch  Ness,  in  places 
where  the  water  is  from  50  to  110  fathoms  deep. 

In  this  Report  I  propose  to  give,  first,  the  field  notes  made  on 
streams  in  the  Ovoca  river  basin,  with  the  results  of  some  of  my 
laboratory  experiments  suggested  by  these  observations,  to  which  aro 
added  some  notes  on  the  inferences  to  be  drawn  from  both. 
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The  experiments  in  the  laboratory  were  carried  on,  more  or  less 
simultaneously  with  the  ohservations  in  the  field  on  peaty  streams  ; 
notes  on  the  latter  being  supplemented  by  experiments  in  the  former. 

Observations  on  Peaty  Streams. 

These  observations  were  made  almost  solely  on  the  waters  of  the 
Ovoca  river  basin,  and  principally  on  those  of  its  tributaries,  the  Ow 
and  the  Avoubeg. 

The  rocks  occurring  in  this  basin  are  granite,  clay  slate  more  or 
less  metamorphosed,  with  a  few  thin  bands  of  limestone,  and  patches 
of  eruptive  rocks.  The  superficial  coverings  to  these  are  the  drifts, 
whether  glacial,  which  may  have  been  transported  from  some  dis- 

tance, and  contain  foreign  substances ;  or  meteoric,  due  to  the 
disintegration  of  the  underlying  rocks  ;  gravels,  occurring  principally 
in  the  valleys;  and  peat,  found  on  the  mountain  slopes  and  in  some 
places  in  the  valleys. 

Prom  this  it  would  appear  that  in  this  river  basin  for  the  most 
part  there  is  an  absence  of  rocks  yielding  carbonate  of  lime,  or  lime 
salts ;  the  sources  from  which  these  might  be  derived  being  the  few 
fragments  of  limestone  in  the  glacial  drifts,  the  marls,  which  are  rare, 
the  few  bands  of  limestone  scattered  through  the  slates,  and  the  erup- 

tive ashes  containing  crystallized  calcite. 
Thus  the  waters  of  this  district  may  be  classified  generally  as  very 

soft  waters,  with  a  few  small  local  exceptions. 
Along  the  main  streams  (Ow  and  Avonbeg),  the  depth  of  tint  of 

the  colouring  varied  greatly,  from  local  causes  such  as  the  state  of 
a  tributary;  but  in  a  few  cases  the  variations  are,  as  yet,  inexplicable. 
The  most  satisfactory  results  were  not,  therefore,  obtained  from  these 
larger  streams,  but  from  their  tributaries;  and  of  these,  one  of  the 
most  interesting  and  instructive  is  the  Ballynagappoge  brook. 

It  had  been  noticed  that,  as  a  rule,  in  any  peaty  stream  the  waters 
were  more  darkly  coloured  at  the  head  waters  than  anywhere  lower 
down;  therefore,  when  examining  the  variations  in  the  amount  of 
colouring  along  the  course  of  a  stream,  the  method  usually  adopted 
was  as  follows: — Starting  from  the  head  with  a  sample  of  the  water,  we 
proceeded  down  stream,  till  some  alteration  in  the  state  of  the  stream 
occurred;  this  might  be  due  to  the  junction  with  another  stream,  or  an 
alteration  in  the  river  bed,  such  as  a  marked  change  in  the  rate  of 
fall,  or  the  occurrence  of  clay  or  gravel.  Here  a  second  sample  of 
water  was  taken,  and  compared  with  the  first,  by  placing  both  side  by 
side  in  two  similar  tumblers  on  a  white  surface,  the  differences  in 
depth  of  tint  being  then  noted;  proceeding  down  stream  with  these  two 
samples,  the  next  comparison  was  made  where  the  next  remarkable 
change  took  place;  if  the  depth  in  tint  here  was  very  different  from  the 
last,  the  second  sample  was  discarded,  and  this  third  carried  down  for 
comparison  at  the  next  point  of  observation,  the  first,  or  the  sample 
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taken  at  the  head  -n-aters,  heing  always  retained  for  comparison  along 
the  course,  but  more  particularly  with  a  sample  taken  where  the 
stream  joined  the  main  river.  In  the  small  brooks  or  tributaries  the 
waters  cleared  going  down  stream,  but  in  the  larger  rivers  very 
irregular  changes  often  occur,  their  waters  being  affected  by  the  cha- 

racter of  each  of  the  tributaries. 
The  thickness  of  the  stratum  examined  in  the  tumblers  was  about 

4^-  inches  ;  Avhich  was  found  sufficient  for  all  purposes  in  the  field,  as  u 
very  slight  alteration  in  the  colour  could  be  detected  ;  but  for  more 
detailed  and  accurate  purposes  in  the  laboratory  a  thicker  stratum  is 
desirable. 

In  these  peaty  waters  there  appear  to  be  two  distinct  colouring 
matters,  one  producing  a  brown  of  various  degrees  of  intensity,  the 

other  an  olive-green ;  ̂  the  mixture  of  the  two  colouring  matters  in 
proper  proportion  produces  a  brown-green,  but  as  a  general  rule  the 
former  obscures  the  latter. 

It  may  be  here  pointed  out  that  no  correct  estimate  of  the  altera- 
tions in  the  depth  of  tint  of  peaty  colouring  matter  that  take  place 

along  the  course  of  a  stream  can  be  formed  by  only  looking  at  the 
waters  in  the  stream;  because  the  thickness  of  the  stratum  of  water 
looked  at,  i.  e.  the  depth  of  the  river,  may  change,  and  the  bottom 
of  the  river  may  be  variously  coloured  :  some  marked  changes,  however, 
may  be  detected  by  observing  the  difference  in  the  colour  of  the  foam 
that  forms  at  the  different  small  falls  along  a  stream. 

By  the  method  as  sketched  out  above,  the  principal  tributaries  belong- 
ing to  the  Ow  and  Avonbeg  were  carefully  examined  from  their  head 

waters  to  their  junction  with  the  main  rivers,  and  their  effect  on 
each  main  river,  if  any,  was  noted.  This  was  done  by  comparing  a 
sample  taken  from  the  main  river  just  above  where  it  was  joined  by 
the  tributary,  with  one  taken  below  the  first  fall  or  rapid  that  oc- 

curred after  their  junction,  where  their  waters  would  be  well  mixed. 
The  examination  of  the  streams  was  repeated  during  different 

stages  of  flood,  and  different  seasons  of  the  year.  It  appears  that,  as 
a  rule,  the  streams  are  more  peaty  in  summer  than  in  winter  ;  and  that 
after  continuous  dry  weather  the  peaty  matter  is  much  reduced.  During 

cold  frosty  weather,  or  when  thej'e  is  snow  on  the  mountains,  very 
little  peaty  colouring  is  found  in  the  streams. 

The  Ballynagappoge  brook,  which  drains  the  N.W.  slope  of  Croagh- 
anmoira  and  discharges  into  the  Ow,  affords,  as  previously  pointed  out, 
much  instruction.  When  examined  during  the  summer  it  was  found  at 
its  head  waters  to  be  of  a  deep  brown,  but  when  it  joined  the  Ow 
after  a  flow  of  about  \\  miles  with  a  fall  of  about  500  feet  it  had  become 

quite  clear  and  limpid ;  all  its  feeders  are  peaty,  except  a  small  one 
that  enters  it  below  Rosahane-bridge  after  the  principal  decolourization 
has  taken  place.     Tnis  brook  therefore  may  be  described  in  detail. 

1  I  find  that  Dr.  Tidy  states  {Chem.  Soc.  Jour.,  1880,  p.  293),  that  the  brotcti 
colour  is  due  to  old  peat,  the  olive-green  to  more  recent  peaty  matter. 
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The  head  waters  above  Ballynagappoge  bridge  are  deeply  tinted 

■^ith  peaty  colouring  matter ;  the  bed  of  the  stream  here  is  marshy, 
with  a  slaty  rock  appearing  in  places ;  below  the  bridge  there  is  more 
rock,  less  marsh,  while  a  little  gravelly  clay  appears  in  places ;  some 
distance  down,  the  stream  is  joined  by  another  of  about  equal  size  and 
about  equally  coloured,  but  which  has  been  flowing  along  a  somewhat 
gravelly  bed.  Just  before  its  junction  with  this  stream  the  brook  had 
not  so  deep  a  colour  as  it  had  at  Ballynagappoge  bridge.  The  united 
streams  wash  against  the  foot  of  a  blue  clayey  cliff,  from  which  a  con- 

siderable quantity  of  clay  is  evidently  removed  during  flood  time ; 
below  this  cliff  the  bed  of  the  stream  is  composed  of  a  bare  slaty  rock 
with  very  little  gravel  resting  upon  it ;  the  depth  of  tint  of  the  water 
gradually  but  very  slowly  becomes  reduced  along  this  part  of  the  course. 
Here  the  stream  flows  rapidly  and  forms  a  succession  of  little  falls; 
this  rocky  bed,  with  its  rapid  fall,  giving  place  at  about  500  yards 
above  Eosahane  bridge  to  a  clayey  and  gravelly  bed  with  a  reduced 
rate  of  fall.  Between  the  point  where  this  change  occurs  and  the 
bridge  the  peaty  colouring  in  the  stream,  which  was  considerable,  is 
reduced  to  a  mere  trace,  while  a  short  distance  below  the  bridge  it  is 
completely  removed.  Along  this  portion  of  the  stream,  just  above  the 
bridge,  where  the  fall  is  slight,  there  are  several  marshy  places 
from  which  iron-stained  waters  flow  into  the  brook ;  this  staining  is 
due  to  the  waters  containing  some  ferrous  salt  (probably  ferrous  car- 

bonate) in  solution,  which,  on  contact  with  the  air,  is  decomposed  or 
oxidized,  depositing  ferric  hydrate  or  ochre.  On  the  stones  and  in  the 
pools  about  this  part  of  the  stream  there  is  a  dark  brownish  deposit ; 
some  of  this  was  collected  with  the  surrounding  water,  which  had  a  slight 
peaty  tinge.  On  standing,  this  water  gave  a  yellow  ferruginous  pre- 

cipitate, the  water  becoming  most  beautifully  clear  and  limpid.  It 
was  found  that  the  sediment  collected  consisted  of  a  little  sand  and 

clay,  with  iron,  alumina,  magnesia,  a  little  manganese  and  organic 
matter. 

These  iron  springs  appear  to  be  the  agents  that,  to  a  great  extent, 
clear  the  waters  ;  for  although  in  all  probability,  clays  in  suspension, 
or  the  very  small  quantity  of  soluble  matter  that  is  dissolved  out  of 
them,  will  carry  down  a  large  amount  of  peaty  colouring  matter,  yet, 
except  when  present  in  very  large  proportion,  they  seem  incapable  of 
decolourizing  the  waters  completely. 

The  ferrous  salts  in  these  waters  are  probably  derived  from  the 
reduction,  by  decomposing  organic  matter,  of  the  ferric  salts  contained 
in  the  underlying  rocks  and  clays. 

The  decolourizing  of  the  waters  of  this  brook  is  evidently  not  due 
to  the  direct  oxidation  of  the  peaty  matter ;  nor  is  the  diminution  of 
the  depth  of  tint  due  to  dilution.  In  this  stream  it  so  happens  that, 
where  the  fall  is  greatest,  there  the  clearing  of  the  water  is  least. 

During  December,  1880,  it  was  remarked  that  the  main  rivers  con- 
tained very  little  peaty  colouring  matter  in  them  ;  about  this  time  there 

had  been  slight  frosts  in  the  valleys,  but  upon  the  mountains  there  was 
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snow.  On  visiting  tlie  Ballynagappoge  brook  if:  was  found  that  the 

■waters  were  quite  colourless  and  clear.  Up  to  the  head  waters  above 
Ballynagappoge-bridge  no  peaty  colouring  matter  could  be  detected ; 
the  snow  did  not  reach  as  low  as  this  bridge. 

It  should  be  mentioned  that  though  in  cold  weather  little  peaty 
colouring  matter  is  in  the  streams,  yet  in  the  bog-holes  (turf -holes)  the 
water  is  quite  brown. 

The  Carawaystick  brook  may  be  next  described,  as  it  is  an  example 
of  a  different  class.  Along  its  course  very  little  diminution  of  the  peaty 
tint  occurs,  though  there  is  every  facility  for  oxidation ;  the  brook 
descending  a  height  of  about  1200  feet  in  a  flow  of  less  than  two 
miles. 

This  brook  flows  from  Kelly's  lough,  a  small  sheet  of  peaty  water 
about  eight  acres  in  extent,  on  the  S.E.  slope  of  Lugnaquilla  at  an  eleva- 

tion of  about  1700  feet  above  the  sea.  On  the  S.tV.  of  the  lough 

there  is  a  granite  cliff ;  the  brook  leaves  the  lough  at  the  JN'.E.  corner, flowing  through  the  remains  of  an  ancient  glacial  moraine  in  a  north- 
westerly direction,  for  over  a  mile,  with  a  slight  inclination,  then  for 

the  rest  of  its  course  (about  half  a  mile)  it  descends  a  height  of  700  feet 
(calculated  by  aneroid)  over  a  bed  composed  of  granite  and  schist,  by  a 
succession  of  falls  and  rapids,  the  waters  being  lashed  into  foam  down 
nearly  all  that  part  of  its  course.  From  a  comparison  of  samples 
taken  both  above  and  below  the  falls,  no  difference  could  be  detected 
in  the  depth  of  tint  of  the  waters. 

During  one  of  our  visits,  after  there  had  been  no  rain  for  three  or 
four  days,  it  was  remarked  that  the  waters  were  not  nearly  so  deeply 
coloured  as  on  a  previous  visit,  when  showers  were  falling  on  the 
mountains.  On  this  occasion,  before  ascending,  a  sample  of  water 
was  taken  at  the  foot  of  the  falls,  then  about  a  cubic  yard  of  a  sandy 
clay  was  put  into  the  stream  above  the  fall,  rendering  it  very  turbid  ; 
then  taking  a  second  sample  of  water  just  above  the  turbidity,  we 
descended  to  where  the  first  had  been  taken  from,  and  here  after  the 
turbid  water  had  been  flowing  for  some  little  time  a  third  sample  was 
taken.  On  comparing  the  samples  subsequently,  after  the  turbidity 
in  No.  3  had  completely  subsided,  this  sample  was  darkest,  while  there 

was  no  apparent  diiierence  in  tint  between  IS^os.  1  and  2. Along  the  Avonbeg  the  changes  that  occur  are  irregular,  although 
on  the  whole  there  is  a  diminution  in  the  depth  of  tint  as  we  descend 

to  the  "Meeting  of  the  Waters."  Here  it  is  joined  by  the  Avonmore, 
and  in  a  sample  from  this  latter  river,  taken  here  in  May,  1880,  a 

small  quantity  of  lead  (0-028  parts  per  100,000)  was  detected. 
The  united  Eivers  Avonmore  and  Avonbeg  form  the  Ovoca,  which 

a  short  distance  down  receives  the  waters  from  the  Ovoca  mines  ;  fixst 
on  its  east  or  left  bank,  from  the  mines  of  Tigroney,  Cronebane,  and 
Connary ;  these  containing  ferrous  sulphate,  and  sulphate  of  alumina 
in  comparatively  large  proportions,  Avith  smaller  quantities  of  other 
salts,  as  sulphate  of  copper,  and  arsenic.  Lower  down  the  river, 
coming  in  from  the  west  or  right  bank,  is  the  drainage  of  the  Bally- 
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murtagli  and  Ballygahan  mines.  In  a  sample  of  water  taken  at  the 

tail  of  the  Landers,  a  litre  of  water  was  found  to  contain  0'81  grammes 
ferrous  sulphate,  and  0-78  grammes  sulphate  of  alumina  (equivalent 
to  56'8  grains  ferrous  sulphate,  and  54-7  grains  sulphate  of  alumina, 
per  gallon),  besides  small  quantities  of  arsenic  and  sulphate  of  cop- 

per, &c. 
A  sample  of  water  taken  from  the  Ovoca  river,  below,  or  after  it 

had  received  these  mineral  waters,  was  very  peaty  when  collected, 
and  slightly  turbid,  but  on  standing  some  time  a  brown  precipitate 
settled,  with  a  considerable  reduction  of  the  tint ;  on  another  occasion, 
when  the  river  was  not  so  deeply  tinted,  by  allowing  a  sample  to  settle 
for  a  time,  the  peaty  colouring  was  completely  removed,  and  in  the 
laboratory  about  five  cc.  of  the  Ballygahan  water  cleared  250  cc.  of  a 
very  peaty  water  ;  a  dark  brown  precipitate  first  settling  down,  then 
a  yellowish  precipitate  of  ochre. 

AH  along  the  Ovoca  river,  from  the  mines  to  its  mouth  in  Arklow 
harbour,  there  is  a  ferruginous  ochre  deposited  in  the  pools  and  on 
the  stones ;  this  being  probably  due  to  the  ferrous  salts  in  the  waters 
becoming  oxidised,  this  precipitation  being  accompanied  by  a  consider- 

able reduction  of  the  peaty  colouring  matter  in  the  river.  A  sample 
of  water  taken  from  the  river  below  the  place  where  this  mine  drainage 
enters  is  always  found  to  contain  a  very  finely  divided  precipitate  of 
ochre  which  shortly  settles  out. 

Though  the  Ovoca  river  is  usually  peaty,  particularly  during  flood, 
it  was  remarked  that  in  frosty  weather,  and  when  there  was  snow  on 
the  mountains,  the  peaty  colouring  was  much,  reduced,  and  often 
entirely  removed;  the  same  was  noticeable  after  a  long  continued 
drought,  the  river  running  perfectly  colourless  above  the  mines. 

SJxperiments  with  Peaty  Waters. 

These  experiments,  commenced  in  the  spring  of  1880,  and  carried  on 
under  the  direction  of  Professor  Hartley,  P.E.S.E.,  in  his  laboratory 
at  the  Eoyal  College  of  Science  for  Ireland,  had  for  their  object  the 
determination  of  the  agents  that  may  effect  the  decolourisation  of  peaty 
waters,  more  especially  of  those  that  actually  effect  it  in  nature. 

As  clays  occur  in  some  form  or  other  along  the  beds  and  banks 
of  most  streams,  and  as  during  floods  they  become  suspended  in  the 
waters  to  a  greater  or  less  extent,  some  of  the  first  experiments  were 
made  with  such  clays. 

Specimens  were  obtained,  principally  from  the  County  Wicklow, 
of  disintegrating  argillaceous  rqcks  and  clays  ;  many  of  these,  however, 
were  subsequently  rejected,  as  it  was  found  that  they  contained  organic 
matter  sufficient  to  discolour  the  water  and  obscure  their  action  on  the 

peaty  colouring  matter  in  it. 
In  each  experiment  a  measured  quantity  of  water  was  shaken  up  with 

a  weighed  quantity  of  clay,  then  left  to  allow  the  substances  in  suspen- 
sion to  subside.  When  the  water  had  cleared,  a  portion  was  decanted 

off  and  placed  in  a  tall  narrow  cylinder;  in  some  of  the  experiments 
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tlie  cylinder  tised  was  6  inehes  lugh,  in  others  18  iaches  ;  this  vessel 
of  the  sample  experimented  on  was  compared,  on  a  white  surface, 
with  a  precisely  similar  vessel  of  the  same  water,  which  had  been 
previously  freed  from  peaty  eolouiing  matter  by  mixing  with  it  a  large 
enough  quantity  of  clay.  By  so  treating  any  peaty  water  it  was 
found  that  the  peaty  colouring  matter  could  be  completely  removed, 
provided  only  sufficient  clay  were  added. 

Specimen  A. — This  is  a  fine  cream-coloured  clay  from  the  foot  wall 

of  the  gossan  (iron  ore)  of  the  Ballymurtagh  IS'orth  sulphur  lode,  of 
which  it  forms  the  "  selvage."  Scattered  through  it  is  a  small 
quantity  of  fragments  of  iron  pyrites  and  milk  quartz  ;  with  water  it 
yields  a  clear  solution,  having  an  acid  reaction,  and  containiag  a  small 
percentage  of  ferrous  sulphate  and  sulphate  of  alumina. 

Insoluble  in  hydrochloric  acid,  92-51  per  cent. 
Perric  oxide,  2-35  per  cent. 
Alumina,  2-43  per  cent. 

It  was  found  to  be  a  most  efficient  decolouriser  of  peaty  waters. 
TThen  added  to  peaty  water,  the  greater  portion  settled  down  almost 

immediately,  but  the  very  fine  particles  remained  in  suspension  for  a 
considerable  time ;  when  these  had  subsided,  if  sufficient  clay  had  been 
used,  the  water  was  very  clear ;  the  top  layer  of  the  sediment  being 
brown,  as  if  the  colouring  matter  had  been  carried  down  in  it. 

If  an  insufficient  C[uantity  of  this  clay  were  added  to  the  water, 
several  different  stages  were  to  be  noted. 

A  very  small  quantity  of  clay  altered  the  colour  from  a  brown  to 
a  brown-green,  and  on  adding  a  little  more  clay  the  colour  altered  to 

an  olive-green.  "Wlien  more  clay  was  added,  but  not  sufficient  to  clear the  water,  a  peculiar  turbidity  or  cloudiness  formed,  which  remained 
persistent,  and  did  not  appear  to  decrease  on  filtering.  TVTien  this 
turbidity  was  removed  by  adding  more  clay,  the  water  was  freed  from 
peaty  colouring  matter. 

"With  the  specimen  of  peaty  water  used  in  these  experiments  it was  found  that  working  with  1000  cc.  of  water  not  very  darkly 

coloured,  1  gramme  of  clay  brought  on  the  brown-green  stage;  1-5 
grammes  of  clay  the  olive-green;  2-5  grammes  produced  a  persistent 
turbidity ;  and  that  4  grammes  removed  the  cloudiness  and  the  peaty 
coloujing. 

In  order  to  determine  what  the  active  ingredient  in  this  clay  might 
be,  some  of  it  was  digested  iu  hydrochloric  acid;  the  insoluble  portion 
after  being  well  washed  was  found  to  have  very  little  perceptible 
action  on  the  peaty  water. 

A  strong  aqueous  solution  of  the  clay  was  prepared  (10  grammes 
of  clay  to  300  cc.  of  distilled  water)  ;  this  solution  with  a  small  quan- 

tity of  the  suspended  particles  was  found  to  be  capable  of  freeing  the 

water  fi'om  peaty  colouring.  After  filtering  the  clay  solution,  it  was 
found  that  the  filtrate  possessed  the  same  property. 

2P2 
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From  these  two  experiments  it  is  evident  that  it  was  something 
dissolved  ont  of  the  clay  that  acted  on  the  peaty  matter,  and  that  the 
insoluble  portion  had  very  little  to  do  with  it. 

As  on  examining  the  clay  solution  it  was  found  that  it  contained 
ferrous  sulphate,  a  solution  of  ferrous  sulphate  was  prepared ;  and  of 

this  a  few  di'ops  caused  a  peculiar  turbidity  to  form,  then  a  brown  pre- 
cipitate settled  to  the  bottom,  and  the  water  was  found  to  be  free 

from  peaty  colouring  matter. 
Sulphuric  acid,  hydrochloric  acid,  and  nitric  acid  were  also  found 

to  precipitate  the  peaty  colouring  matter  to  some  extent. 

Specimen  B. — A  disintegrated  light  yellow  red  steatitic  shale, 
occurring  in  a  dyke-like  mass  in  the  townland  of  Ballykillageer : — 

It  yields  with  water  a  turbid  yellowish  Kquid,  which  clears  on 
standing,  the  suspended  particles  subsiding  ;  the  solution  is  neutral  to 
test  paper,  and  none  of  the  clay  appears  to  be  dissolved  in  it. 

Insoluble  in  hydrochloric  acid,  78-28  per  cent. 
Perric  oxide,  8' 12         ,, 
Alumina,  7"96         ,, 
Manganese,  trace. 

This  specimen  also  cleared  peaty  waters  of  their  colouring  matter, 

though  not  so  well  as  the  last.  "When  sufficient  clay  was  added  to entirely  clear  the  water  (25  grammes  in  1000  cc),  the  top  layer  of 
the  sediment,  which  was  formed  of  the  fine  particles  that  had  remained 
longest  in  suspension,  was  more  deeply  coloured  than  the  rest. 

When  an  insufficient  quantity  of  clay  was  added  to  the  peaty 
water,  the  changes  were  similar  to  those  taking  place  with  the  last 
specimen,  viz.,  an  alteration  of  the  brown  colour  to  a  deep  olive- 
green  ;  after  which  a  cloudiness  or  turbidity  appeared,  but  it  dis- 

appeared when  sufficient  clay  had  been  added. 

On  digesting  aboiit  5-5  grammes  of  this  clay  with  water,  filtering 
and  evaporating  the  filtrate  to  dryness,  only  a  very  minute  inorganic 
residue  is  left,  showing  that  there  is  very  little  soluble  matter  in  the 
clay. 

Specimen  S. — A  bluish  clay  occurring  in  a  clifi  on  the  Ballyna- 
gappoge  brook.  During  floods  a  considerable  portion  is  washed  into 
the  stream,  and  it  probably  assists  in  the  decolourising  of  the  waters  of 
this  brook,  as  mentioned  in  the  field  notes,  p.  450,  supra. 

Digested  with  hydrochloric  acid,  it  gives — 

Insoluble  portion,       81 '79  per  cent. 
Ferric  oxide,  6"72         ,, 
Alumina,  6'47         ,, 

"When  mixed  with  peaty  water  it  seems  capable  of  removing  the brown  tint,  but  incapable  of  removing  the  greenish  tinge;  the  water, 
however,  remains  slightly  turbid. 
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"When  mixed  with  clear  and  colourless  water  it  forms  a  very  dirty turbid  solution ;  after  some  time  this  clears  considerably,  but  the  liquid 
always  retains  a  peculiar  turbidity,  which  is  very  like  the  turbidity 
produced  in  a  peaty  water  when  an  insufficiency  of  the  clearing  agent 
has  been  added.  It  was  found  that  the  turbidity  could  be  removed  by 
adding  a  small  quantity  of  the  next  specimen  to  be  described. 

This  blue  clay  seems  to  have  been  originally  a  red  clay,  very  similar 
to  that  next  mentioned  (specimen/);  its  present  condition  being  due  to 
percolating  peaty  waters.  This  is  inferred  from  the  following  observa- 

tions : — 1st.  A  similar  blue  clay  overlies  specimen  /,  as  seen  in  the  banks 
along  the  Mucklagh  brook,  the  passage  from  one  to  the  other  being 
gradual ;  red  stones  and  patches  of  red  clay  are  seen  occurring  in  this 
overlying  clay.  2nd.  The  residues  left  by  both  specimens,  after  digest- 

ing in  hydrochloric  acid,  are  alike.  3rd.  The  percentage  of  insoluble 
matter  in  specimen  S  is  greater  than  in  specimen  /,  the  more 
soluble  portions,  iron  and  alumina,  having  been  probably  removed  by 
percolating  waters. 

Specimen  I. — A  brick  red  clay  from  one  of  the  tributaries  of  the 
Mucklagh  brook,  where  it  occurs  under  a  blue  clay  like  the  last 
specimen,  a  gradual  passage  from  one  to  the  other  being  distinctly 
visible.  It  yields  an  insoluble  residue  similar  to  the  last,  but  the 
percentage  of  soluble  matter  is  greater. 

Insoluble  in  hydrochloric  acid,      72'41  per  sent. 
Perric  oxide,  9-70       ,, 
Alumina,  9-41        ,, 

It  yields  with  water  a  perfectly  clear  solution  when  the  fine 
particles  have  subsided ;  which,  however,  is  not  for  some  considerable 
time. 

This  specimen  acts  as  a  very  efficient  decolouriser  of  peaty  waters. 
When  mixed  with  a  peaty  water  the  fine  particles  remaining  in  sus- 

pension give  the  liquid  a  brick-red  colour ;  when  they  subside  the 
peaty  water  is  found  to  be  quite  decolourised,  if  sufficient  (about 
20  grammes  to  1000  cc.)  has  been  added. 

With  an  insufficiency  of  clay  the  usual  changes  are  observed. 

Specimen  K. — A  whitish  sandy  clay,  from  the  banks  of  the  Cara- 
way stick  brook,  where  it  occurs  in  an  ancient  moraine  above  the  falls; 

it  was  some  of  this  specimen  that  was  mixed  with  the  waters  of  this 
brook,  as  mentioned  in  the  field  notes,  p.  451,  mpra. 

Insoluble  in  hydrochloric  acid,  93-91  per  cent. 
Ferric  oxide,  1*60        ,, 
Alumina,  2*  17        ,, 

This  specimen,  even  in  large  quantities,  produces  very  little  altera- 
tion in  peaty  water ;  when  added,  very  little  remains  in  suspension  for 

any  length  of  time. 
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"Witli  a  colourless  water  it  yields  a  clear  solution. 

Specimen  JV. — A  growan,  or  disintegrating  granite,  from  Augha- 

vannagh,  Co.  "\\^icklow.  This  rock  occurs  extensively  in  tliis  district, underlying  the  peat.  Deep  channels  are  cut  in  it  by  the  streams, 

■which  are  not  as  peaty  as  might  be  expected,  considering  that  they, 
drain  extensive  bogs.  In  this  growan  are  large  veins  of  massive  quartz 
and  feldspar,  which  more  or  less  resist  disintegration. 

The  growan  appears  composed  of  quartz,  and  feldspar  (the  latter 
passing  into  kaolin,  or  china  clay),  with  black  and  white  mica. 

Insoluble  in  hydrochloric  acid,  86"68  per  cent. 
Penic  oxide,  3-80       ,, 
Alumina,  6  "24       ,, 

This  specimen  at  first  seems  to  have  very  little  effect  on  peaty 
waters,  but,  after  remaining  in  the  water  some  time,  a  layer  of  less 
darkly- coloured  water  was  observed  next  to  the  clay.  By  repeatedly 
shaking  up  the  clay  and  water,  at  long  intervals,  a  marked  reduction 
of  peaty  tint  was  observed  in  the  water. 

Some  of  the  feldspar,  mentioned  as  occurring  in  large  veins  through 
this  specimen,  after  being  pulverised,  was  f  oujid  to  act  very  similarly  ;  a 
reduction  of  peaty  tint  only  taking  place  after  some  time,  and  after 
being  repeatedly  shaken  up.  This  feldspar  contains  only  a  very  small 
quantity  of  iron,  is  very  hard,  and  little  altered. 

In  both  the  above  cases,  the  top  of  the  sediment  at  the  bottom 
of  the  peaty  water,  after  standing  some  time,  becomes  coated  with  a 
brownish  substance. 

With  respect  to  the  ingredients  of  these  clays  that  are  the  active 
agents  in  decolourising  the  peaty  water,  it  was  found  by  experiment 
that  a  pure  quartzose  sand,  even  when  in  very  large  quantities,  had  no 
perceptible  effect  on  the  colouring  of  the  water. 

Pure  gelatinous  silica  had  likewise  no  effect. 
The  portion  of  a  clay  that  is  insoluble  in  hydrochloric  acid  was  found 

to  have  at  first  no  action  on  peaty  water ;  but  after  repeatedly  shaking 
the  two  up  together  it  was  found  that  the  depth  of  colour  was  slightly 
reduced. 

It  was  also  found  that  freshly  precipitated  aluminic  hydrate,  ferric 
hydrate,  and  manganese  oxy-hydrate  precipitated  the  colouring  matter 
rapidly  and  efficiently  ;  of  these  the  alumina  is  by  far  the  most  active : 
next  the  iron,  the  manganese  being  considerably  less  efficient. 

The  diy  oxides  of  these  metals  were  not  found  to  be  nearly  so 
rapid  in  their  action  ;  in  the  case  of  ferric  oxide  and  manganese  dioxide 
it  was  only  after  being  shaken  up  repeatedly  that  any  decrease  in  the 
tint  could  be  noticed;  when  left  at  rest  for  a  considerable  time,  the 

layer  of  water  next  the  oxide  became  decolourised ;  this  extended  gra- 
dually upwards,  the  surface  of  the  oxide  being  coated  with  a  brownish 

substance.  This  clearing  of  the  bottom  layer,  and  its  gradual  exten- 
sion upwards,  was  most  marked  when  a  little  potassic  bisulphate  was 
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placed  at  the  bottom  of  a  vessel  containing  peaty  water.  There  is  a 
marked  analogy  between  this  layer  of  clear  water  at  the  bottom  of  the 
vessels,  and  that  mentioned  by  Professor  Hartley,  as  occurring  at  the 
bottom  of  some  of  the  Scotch  lakes. 

Magnesia  was  not  found  to  affect  the  peaty  colouring ;  pure  car- 
bonate of  lime  has  only  a  very  slight  effect  on  the  peaty  colouring ; 

pounded  up  chalk  and  limestone  were  found  to  reduce  the  tint  slightly. 
A  hard  water  has  only  a  very  slight  effect  on  the  peaty  colouring ; 

but,  on  precipitating  the  carbonate  of  lime  in  the  mixed  waters,  either 
by  boiling  or  by  adding  to  it  lime-water,  a  large  quantity  of  the  peaty 
colouring  is  removed. 

Lime-water  added  to  a  peaty  water  precipitates  the  peaty  colouring. 
By  mixing  some  fresh  hydrate  of  alumina  and  water  together,  filter- 
ing the  solution,  and  adding  some  of  the  filtered  liquid  to  some  peaty 

water,  the  colouring  matter  was  precipitated.  By  similarly  treating 
hydrates  of  iron  and  manganese  no  precipitation  of  peaty  matter  was 
obtained. 

In  the  field  it  was  remarked  that  during  frost,  or  when  there  was 
considerable  snow  in  the  drainage  area  of  the  river,  the  waters  did  not 

run  nearly  so  peaty  as  at  ordinary  times,  and  often  ran  quite  colour- 
less, and  mountain  streams  which  at  other  times  were  deeply  tinted  were 

under  these  circumstances  perfectly  clear.  Therefore  some  peaty  water 
was  frozen  in  tall  cylinders,  and  it  was  found  that  although  the  peaty 

colouring  matter  was  not  precipitated,  yet  the  behaviour  was  interest- 
ing, as  the  colouring  appeared  to  resist  freezing. 

In  such  water,  when  the  freezing  took  place  gradually  from  above 
downwards,  a  layer  of  deeply  coloured  peaty  water  collected  at  the 
bottom,  but  the  water  resulting  from  the  thawing  of  the  small  cylinder 
of  ice  was  quite  free  from  peaty  colouring.  When  the  freezing  took 
place  from  the  sides,  a  central  core  of  darkly  coloured  peaty  water 
collected.  When  the  solidification  took  place  rapidly,  the  darkly- 
coloured  peaty  water  appeared  enclosed  in  small  patches  through  the 
block  of  ice,  as  though  squeezed  out  of  the  freezing  water,  and  concen- 

trated in  these  patches  which  did  not  seem  to  freeze. 

On  freezing  a  cylinder  of  peaty  water  gradually  from  above  down- 
wards, then  taking  out  the  block  of  ice,  leaving  the  layer  of  deeply 

coloured  water  at  the  bottom  of  the  cylinder,  refilling  with  peaty  water 
and  again  freezing,  and  repeating  this  several  times,  a  very  small  quan- 

tity of  brown  sediment  settled  down  to  the  bottom. 
Boiling  peaty  water  gently  for  some  time  does  not  precipitate  the 

peaty  colouring  matter ;  before  a  boiling  temperature  is  reached,  bub- 
bles of  gas  escape  from  the  liquid. 

The  discolouration  which  results  from  boiling  peat  for  some  time 
with  distilled  water  can  be  almost  entirely  removed  by  filtering;  but  by 
adding  a  little  ammonia  to  the  water  before  warming,  a  large  quantity 
of  colouring  matter  becomes  dissolved,  giving  the  water  a  very  dark 
colour.  This  colour  is  removed  neither  by  filtering  nor  by  boiling  the 
water  for  a  considerable  time. 



458  Proceedings  of  the  Royal  Irish  Academy. 

Conclusions  from  the  preceding  ohservations. 

Prom  the  preceding  observations  in  the  field  and  in  the  laboratory 
it  may  fairly  be  inferred  that — 

Peaty  colouring  matter  seems  not  to  be  removed  by  direct  oxida- 
tion ;  this  appears  specially  from  the  Carawaystick  brook,  where  excep- 

tional facilities  occur  for  oxidation,  and  no  peaty  tributaries  enter  along 
that  portion  of  the  stream  where  it  is  lashed  into  foam  down  a  height 
of  about  700  feet. 

Oxidation  may  plaj^  a  certain  part  in  precipitating  peaty  colouring 
matter,  in  so  far  tlaat  a  ferrous  salt,  on  becoming  oxidised,  carries  down 
with  it  the  peaty  colouring  matter ;  this  appears  to  be  an  important 
factor  in  the  decolourising  of  peaty  streams ;  waters  that  are  charged 
with  ferrous  carbonate  flowing  into  them  have  the  iron  precipitated, 
the  peaty  colouring  going  down  with  it. 

Ferrous  sulphate  also  acts  as  an  efficient  decolouriser,  but  its  occur- 
rence must  be  comparatively  rare;  however,  in  the  Ovoca  river  it  plays 

an  important  part,  and  it  is  the  most  active  agent  in  the  clay  specimen -4 ; 
in  the  other  specimens  experimented  upon  it  is  the  combined  oxides 
of  iron  and  aluminum,  with  manganese  to  a  less  extent,  that  appear  to 
be  the  active  ingredients  :  what  their  action  on  the  peaty  colouring 
matter  may  be  has  not  been  determined,  but  in  ordinary  peaty  water  there 
seem  to  be  at  least  two  distinct  colouring  substances  ;  the  one  gives  to 
the  water  a  brown  tint,  which  is  comparatively  easily  removed,  the 
other,  only  to  be  remarked  when  the  brown  has  disappeared,  gives  it  a 
greenish  hue,  which  it  is  difficult  to  get  rid  of. 

The  peaty  colouring  is  precipitated  to  a  greater  or  less  extent  by 
either  hydrochloric,  nitric  or  sulphuric  acids,  more  especially  the 
last;  it  has  also  been  found,  as  far  as  the  experiments  have  gone,  that 
salts  having  acid  reactions  act  similarly,  and  some  organic  acids  to  a 
less  extent. 

"When  these  observations  were  commenced,  it  was  not  anticipated that  frost  or  dry  weather  would  have  had  much  effect  upon  the  peaty 
colouring  of  streams.  Why  such  is  the  case  seems  somewhat  difficult 
to  explain,  especially  as  the  experiments  in  the  laboratory  seem  to 
prove  that  the  peaty  colouring  is  not  precipitated  by  freezing. 

Aiter  a  long  continuance  of  dry  weather  the  waters  in  the  streams 
and  rivers  are  derived  not  from  surface  drainage  but  from  springs,  i.  e. 
underground  drainage,  where  the  waters  have  been  stored  in  the  pores 
of  the  rock,  and  slowly  percolating  through  the  joints  and  crevices ; 
any  peaty  matter  these  waters  might  have  contained  after  percolating 
the  overlying  peat  would  probably  be  precipitated  by  the  clayey 
matter  contained  in  the  joints  of  the  rock.  At  the  same  time,  any 
little  drainage  there  might  be  from  the  peat  probably  collects  in  the 
holes  that  are  always  to  be  found;  here  the  colouring  becomes  deepened, 
partly  by  evaporation  of  the  water,  but  principally  by  dissolving  out 
colouring  matter  from  the  surrounding  peat.  This  may  account  for 
the  reduction  of  tint  observed  after  long  continued  dry  weather. 
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In  frosty  weather  the  case  is  similar;  the  surface  of  the  bogs  is 
frozen,  preventing  the  percolation  of  waters,  and  the  water  supply  is 
often  derived  from  melting  snows ;  in  one  case  it  was  observed  that 
though  a  quantity  of  peaty  water  had  collected  behind  a  snowdrift,  yet 
the  water  flowing  from  the  other  side  of  the  drift  was  quite  colourless. 

In  wet  weather  the  principal  supply  of  water  is  derived  from  the 
surface  and  superficial  accumulations ;  that  which  flows  from  bogs  and 
peaty  ground  is  more  or  less  tinted,  as  rain  falling  on  these  lands  dis- 

places the  water  contained  in  the  reservoirs  of  the  bogs,  i.e.  the  pores 

of  the  peat  and  the  surface  holes  such  as  "bog-holes,"  "  turf -holes," 
and  mountain  loughs  :  as  these  waters  contain  a  large  amount  of  dis- 

solved peaty  matter,  they  flow  into  the  streams  deeply  tinted. 
At  the  commencement  of  dry  weather  the  reservoirs  in  connexion 

with  the  rivers,  such  as  lakes  and  pools,  contain  peaty  waters,  and  it 
is  not  until  these  have  been  altogether  displaced  by  clear  water  from 
springs,  &c.,  that  the  streams  flowing  therefrom  run  colourless.  The 
larger,  therefore,  a  river  and  its  reservoirs  are,  the  longer  it  takes  to 
become  perfectly  colourless. 

Of  the  Shannon  above  Limerick,  after  the  late  long  continued 
drought  (March  and  April,  1881),  there  having  been  very  little  rain, 

and  no  floods  for  weeks.  Captain  King  writes — "we  have  had  no  floods 
for  a  long  time,  and  the  river  is  in  its  purest  state,  even  its  usual 

boggy  appearance  has  taken  flight." 
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LXVII.  —  Repoet  on  an  Investigation  of  the  Chaeactee  and 
Chemical  Constitution  op  the  Fibee  op  the  Flax  Plant.  By 
F.  Hodges,  FeUow  Inst.  C.F.C.S.  (Berlin),  Zurich.  With  Plates 
XIY.  and  XV. 

[Read,  May  9,  1881.] 

ExRWAN,  SO  early  as  1789,  laid  the  results  of  some  experiments  "which 
he  had  made  with  the  alkaline  substances  used  in  bleaching,  before 
the  Members  of  the  Boyal  Irish  Academy,  prefacing  his  Eeport  with 

the  statement  "that,  however  well  the  Irish  bleachers  might  excel  in 
that  art,  when  well  provided  with  the  instruments  they  employ,  they 
were  but  little  acquainted  with  the  general  agency  of  the  instruments 
themselves  and  their  respective  powers,  or  even  with  the  most  advan- 

tageous and  economical  method  of  employing  them  ;  "  and  Kolb  in  his 
elaborate  Beport  to  the  Members  of  the  Industrial  Society  of  Mulhau- 
sen,  79  years  later  (1868),  gave  it  as  his  opinion  that  the  art  of  bleach- 

ing was  no  further  advanced,  so  far  as  chemistry  is  concerned,  than  at 

the  time  of  the  introduction  of  chlorine  by  Berthollet.  "With  the  state- ment of  Kirwan,  few  who  know  anything  of  Irish  bleachers  even  now 
will  be  inclined  to  disagree  ;  but  with  that  of  Kolb  it  is  somewhat 
different,  as  it  cannot  be  forgotten  that  on  many  occasions,  long  and 
laborious  investigations  into  the  constitution  of  textile  fabrics,  and  the 
nature  of  the  various  chemicals  employed  as  bleaching  agents,  have 
been  made  by  eminent  chemists ;  and  if  practical  men  have  failed  to 
turn  to  advantage  the  results  obtained  from  these  investigations — 
which  results  have  been  published  from  time  to  time — the  chemists 
who  undertook  the  work  should  at  least  be  acquitted  of  the  charge  of 
being  idle  in  the  interests  of  bleachers. 

Kolb,  in  the  Eeport  above  mentioned,  published  the  results  of  many 
experiments,  which,  if  they  had  been  carried  out  with  Irish  flax, 
instead  of  with  Bussian  yarn  spun  from  dew  retted  flax,  would  not 
only  have  possessed  scientific  interest,  but  have  been  of  practical  value 
to  the  Irish  bleacher.  It  has,  therefore,  been  considered  advisable  to 
repeat  part  of  his  investigation,  with  Irish  flax,  as  well  as  to  endeavour 
if  possible  to  add  to  the  very  scanty  information  which  we  have  of  the 
nature  of  the  wax  and  other  bodies  which  exist  in  flax.  We  owe  to 

Sir  Bobert  Kane  the  first  attempt  to  direct  scientific  attention  to  the 
composition  of  the  stem  of  the  flax  plant.  In  a  Beport  drawn  up 
by  Professor  Hodges,  at  the  request  of  the  chemical  section  of  the 
British  Association  of  Science,  and  communicated  to  the  Meeting 
held  in  Belfast,  the  agricultural  and  technical  history  of  the  plant  was 
fully  discussed,  and  the  results  of  an  extensive  series  of  investigations 
on  its  composition  given.  This  Beport  was  the  first  in  which  an 
analysis  of  the  proximate  composition  of  the  stem  was  published,  and 
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it  was  followed,  at  subsequent  Meetings,  by  Eeports,  by  the  same 
chemist,  on  the  gases  evolved  in  the  steeping  process ;  on  the  compo- 

sition of  the  steep-water ;  and  on  the  composition  of  dressed  flax.  In 
this  preliminary  Eeport  of  a  series  of  investigations  on  which  I  have 
been  for  some  time  engaged,  I  have  endeavoured  to  extend  our  know- 

ledge of  the  nature  of  some  of  the  organic  constituents  of  the  plant, 
and  also  of  the  effect  of  certain  agents  on  the  fibre.  Flax  as  sold  to 
the  spinner  consists,  as  is  well  known,  of  long  and  fine  filaments, 
separated  from  the  stem  of  the  plant  usually  in  this  country  by  a 

process  called  "retting,"  in  which  a  decomposition  of  some  of  the 
cementing  materials  which  hold  together  the  structures  of  the  plant  is 
effected,  so  that  the  textile  filaments  can  be  completely  detached  from 
the  non-elastic  and  worthless  portion  of  the  stem,  by  the  mechanical 
means  afterwards  employed.  The  cells  which  serve  technical  purposes 
in  the  fiax  plant  are  those  which  exist  in  the  bast  tissue  ;  these  cells, 
of  which  the  fundamental  material  is  cellulose,  are  accompanied  with 
various  incrusting  and  intercellular  matters,  which  easily  undergo 
solution  or  decomposition  by  chemical  means — sulphate  of  aniline,  as 
suggested  by  Wiesner,  affords  a  test  of  exceeding  delicacy  for  these 
incrusting  matters,  by  the  production  of  a  yellow  colour.  The  bast 
cells,  as  shown  by  the  microscope,  consist  of  long  thick- walled  cells 
in  which  the  lumen  has  almost  entirely  disappeared.  Iodine  and  sul- 

phuric acid  render  the  bast  cells  blue,  while  sulphate  of  aniline  on  the 
unbleached  fibre  shows  the  presence  of  some  adhering  and  incrusting 
matter,  by  the  production  of  a  vivid  golden-yellow  colour ;  in  the  per- 

fectly purified  and  bleached  fibre  this  re-agent  usually  causes  no  change 
of  colour,  unless  some  of  the  incrusting  matters  have  not  been  removed. 
The  short  cells  and  vessels  which  are  situated  on  the  inner  side  of  the 

bast  bundles  of  the  plant  are  not  rendered  blue  by  the  action  of  iodine 
and  sulphuric  acid.  A  series  of  of  longitudinal  and  transverse  sections 
ctf  the  structures  which  compose  the  stem  of  the  plant,  made  in  the 
laboratory  of  Professor  Hodges,  and  carefully  delineated  by  Mr.  Tuffen 

"West,  whose  abilities  in  drawing  microscopic  objects  is  so  well  known, affords  probably  the  most  perfect  representation  of  their  histological 
character  which  has  hitherto  been  made,  and  also  serves  to  show  the 
effect  of  re-agents  and  the  arrangement  and  mode  of  union  of  the  cells. 
The  action  of  nitric  acid  as  shown  in  Plate  XIV.,  fig.  1,  is  instructive 
as  exhibiting  the  spiral  striation  of  the  thickening  layers ;  while  that 
of  sulphuric  acid  and  iodine  on  the  section  of  an  isolated  cell,  as  exhi- 

bited in  Plate  XV.,  fig.  1,  displays  the  concentric  layers.  In  Plate  B, 
fig.  2,  the  position  of  the  groups  of  the  bast  fibres  in  the  stem  of  the 
plant  is  well  shown  :  fig.  3  shows  the  cuticle  with  stoma  and  remairij^ 
of  chlorophyll.  A  more  full  description  of  these  Plates  will  be  given 
in  a  subsequent  communication. 

Chemical  ̂ Examination. 

The  flax  fibre  used  in  this  investigation  was  pure  Irish  milled  flax, 
of  medium  quality. 
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Edimatimi  of  loss  of  weight  on  drying. 

7-6805  grms.  flax  fitre  after  drying  at  100°  C.  for  12  tours  ̂ ^eighed 
6-796  grms.,  loss  of  weight  0-8845   grms.  =  11-5  per  cent.     5-07625 
grms.  of  yarn  manufactured  from  the  same  flax,  after  drying  12  hours 

at  100°  C,  weighed  4-5800  ;  loss  of  weight  0-49625  grms.  =  9-7  per  cent. 
After  the  retting  of  the  flax,  the  gummy  matters    which   were 

originally,  says  Kolb,  uniformly  spread  over  the  fibre,  disappear,  and 
are  replaced  by  numerous  briUiant  scales  of   a  resinous  appearance, 
equally  distributed  in  the  substance  of  the  fibre,  and  in  a  manner 
adhering  by  their  roughness  to  the  filaments. 
These  scales  have  a  light  amber  hue,  and  are 
deepened  in  colour  by  alkalies,  in  which  they 
can  be  entirely  dissolved.     By  the  mechani- 

cal process  of  hackling,  large  quantities  of 
scaly  matters   are  removed  from  the   fibre. 
This  substance,  the  nature  of  which  is  so 
little  known,  has  been  very  differently  named 
by  many  chemists;  Berthollet  calls  it  yellow 
colouring   matter ;  Kirwan   considered  it   a 
resin,  differing  from  the  true  resins  by  its 
insolubility  in  the  essential  oils;  M.  Eouget 
de  Lisle  thought  that  it  was,  in  combination 
with  two  others,   of  the  nature  of  gummy 

extractive   matter ;   G-rimshaw    ascribed  the 
colour  of  raw  flax   and  cotton  to  the  pre- 

sence of  iron.     In  pursuance  of  the  course 
of  investigation  here  undertaken,  it  was  con- 

sidered proper  to  begin  by  studying  the  cha- 
racter of  the  bodies  extracted  from  the  flax 

by  ether  and  alcohol,  which  was  done  in  the 
following  manner : — In  order    to    obtain   a 
sufficient    amount  of  the  bodies  soluble  in 
ether,  the  extraction  was  effected  on  a  large 
scale  in  an  apparatus  which  will  be  seen,  by 
the    accompanying   sketch,    to  consist  of   a 
4-litre  bottle,  with  a  tubule  at  the  bottom, 
fused  in  an  inclined  position  for  better  run- 

ning off,  which  held  about  400  grms.  flax 
each  time.     The  tube  B  carries  the  ether 

vapour  from  the  flask  underneath  into  the 
extraction  bottle,  and  thence  into  a  cooler, 
where  it  is  condensed.     The  tube  C  carries  the  ether  charged  with 
wax  and  colouring  matters  back  into  the  flask.     Though  all  the  most 
approved  plans  proposed  for  ether  and  alcohol  extraction  were  tried, 
none  were  found  so  effective  as  the  one  here  described,  which  during 

three  days  extracted  1-5  kg.  flax  with  4  litres  of  ether.     The  ethe- 
real^  solution  gradually  turned  light-green,  and  finally  rather  dark. 
On  the   cooling  of  the   concentrated  solution,   a  substance   separated 
in  white  mammillary   or   flocculent   masses.     The  hot   extract  was 
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filtered  and  the  ether  distilled  off.  There  remained  behind  a  green- 
ish mass  consisting  of  wax  and  essential  oil.  The  latter  was  dis- 

tilled off,  and,  on  being  submitted  to  fractional  distillation,  it  proved 
to  be  largely  contaminated  with  alcohol  from  the  ether.  The  oil 

proper,  which  had  a  yellow  colour,  boiled  at  85-100°  C,  and  had 
an  extremely  disagreeable  acrid  smell.  Though  very  large  quan- 

tities of  flax  were  at  different  times  extracted,  the  quantity  of  this 
essential  oil  which  was  obtained  was  too  small  to  prepare  a  product 
of  constant  boiling  point  for  analysis.  Though,  other  workers  on. 
flax  have  mentioned  the  existence  of  this  oil,  none  of  them  have  ever 

given  its  boiling  point,  nor  indeed  separated  it  from  the  other  mat- 
ters extracted  with  it.  I  hope,  before  the  conclusion  of  this  investi- 

gation, to  succeed  in  obtaining  a  sufficient  quantity  to  enable  me  to 
fully  study  its  character.  In  order  to  purify  the  white-coloured  sub- 

stance, it  was  dissolved  repeatedly  in  hot  alcohol,  filtered  while  hot 
through  a  hot  water  funnel,  and  precipitated  by  cooling.  By  this 
means  it  could  be  separated  almost  entirely  from  chlorophyll,  of  which, 
there  was  a  very  large  quantity,  and  from  a  brown  resinous  substance 
very  difficult  to  dissolve,  which  deposited  at  the  bottom  of  the  vessel, 
and  solidified  on  cooling ;  of  this  substance  there  were  traces  to  be  seen 
even  after  ten  repetitions  of  this  operation.  By  long  continued  wash- 

ing with  cold  ether,  and  drawing  off  with  a  pipette,  at  last  a  loose 
mass  was  obtained,  showing  a  very  slight  greenish-yellow  colour. 

Dried  over  sulphuric  acid,  it  melted  at  78°  C,  already  at  74°  C.  it  was 
partially  liquefied.  The  solidification  took  place  at  72°  C.  This  proves 
that  it  was  still  a  mixture  of  several  substances,  an  opinion  which. 
is  confirmed  by  the  results  of  saponification  with  melting  potash. 

Two  combustions  of  the  wax  (melted  and  dried  at  100°  C.)  yielded — 

I. — Substance  employed,  0-2090  grm. 

CO2     .     .     .     .   0-6060 
H2O   02483 

Pound  C,  79-07  per  cent.,  H,  13-19  per  cent. 

II. — Substance  employed,  0-1685  grm. 
CO,   0-4940 
HoO   0-2042 

Found  C,  79-95  per  cent.,  H,  13-46  per  cent. 
The  following  possible  ethers  correspond  to  the  percentages  quoted 

beside  them : — 

Cerotic  ceryl  ether,  )  .         or.  n<     10  In  ^ 

C,,H,300(a,Hj),  j    ^^1^^^^^    S2-24     
13-71  per  cent. 

Palmitic  ceryl  ether,         ) 

C16H31OO  (Co^Hss),  \  "         ̂ ^  ̂^     l"'^!       " 
Palmitic  ceryl  ether,  ,  ^^.^^     ̂ ^.g. Ci6H,iOO(C,oH33), J 



464  FroceecUngs  of  the  Royal  Irish  Academy. 

Prom  which  it  can  be  seen  that  the  last  formula  very  nearly  agrees 
with  the  results  of  the  combustion, 

Saponification. 

Though  this  part  of  my  work  is  far  from  being  completed,  owing 
to  numerous  difficulties  which  have  presented  themselves,  it  will,  I 
believe,  yield  rich  results.  The  method  by  which  I  proceeded  was  as 
follows: — Pure  potash  was  fused  in  a  silver  dish,  and  about  6  grammes 
dry  wax  put  in,  in  small  portions.  A  soapy  smell  arose  at  once. 
The  brown  sticky  soap  was  from  time  to  time  taken  off  with  an  iron 
spatula  and  put  in  water.  After  the  operation  was  finished,  the  whole 
was  put  in  a  large  quantity  of  water,  and  boiled  for  some  time,  till  all 
was  dissolved  into  a  milky  liquid.  Then  barium  chloride  was  added, 
and  the  liquid  filtered  off  the  insoluble  baryta  salt,  and  the  equally 
insoluble  wax  alcohols,  which  were  washed  with  water.  The  mixture 
was  boiled  with  ordinary  alcohol  to  dissolve  the  new  wax  alcohol,  filtered 
while  hot,  and  the  operation  repeated  four  times.  The  last  traces  of 
adhering  wax  alcohol  were  removed  by  washing  the  baryta  salt  on  the 
funnel  with  hot  spirits  of  wine.  The  united  alcoholic  filtrates  were 
concentrated  to  a  small  volume,  by  which  the  wax  alcohol  separated 
out  and  was  removed  by  filtration.  Purified  once  more  by  dissolving 

in  absolute  alcohol  and  dried,  it  melted  at  82°  C,  a  temperature  which 
is  open  to  correction,  and  requires  further  investigation,  to  ascertain 
the  perfect  freedom  of  the  body  from  other  substances,  but  which,  if 
found  to  be  correct,  agrees  with  the  fusing  point  of  ceryl  alcohol, 

which  Brodie  gives  at  79°  C,  and  Duffy  at  81°  C. 

Prepa/ration  and  Examination  of  the  Fatty  Acid  obtained  as  a 
Barium  Salt. 

The  barium  salt  was  boiled  for  some  time  with  strong  acetic  acid, 
and  the  fatty  acid,  which  separated,  filtered  off.  It  was  a  brown  sub- 

stance melting  at  about  82°  C.  It  dissolved  in  hot  alcohol,  with 
yellow  colour,  leaving  behind  a  blackish-brovni  glutinous  mass  which 
solidified  on  cooling.  This  proves  the  existence  of,  at  least,  two  fatty 
acids  in  the  wax,  or  it  leads  to  the  supposition  that  it  is  a  mixture  of 
several  ethers.  Only  that  part  which  dissolved  in  alcohol  was  further 
examined.  After  repeated  purifications  with  hot  alcohol,  it  was 

obtained  as  a  lead  salt,  by  precipitation  with  lead  acetate  fi'om  a  hot 
alcoholic  solution.  In  this  it  was  found  that  even  the  portion  soluble 
in  alcohol  must  be  a  mixture  of  several  fatty  acids.  Along  with  a 
white  flocculent  lead  precipitate,  there  was  formed  a  brown  precipitate, 
also  containing  lead,  melting  at  a  boiling  heat,  and  adhering  to  the 
sides  of  the  glass  vessel.  The  two  precipitates  could  be  separated  by 
prolonged  boiling  and  pouring  off  of  the  liquid.  The  flocculent  lead 
salt,  which  was  present  in  large  quantity,  was  filtered  off  and  washed 

with  hot  alcohol.   Dried  at  80°  C,  and  decomposed  by  hot  acetic  acid, 
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it  formed  a  waxy  acid  floating  on  the  liquid,  melting  at  82°  C.  The 
quantity  of  this  was  not  sufficient  for  a  combustion,  and  I  had  to 
content  myself  with  preparing  the  ethyl  ether,  by  dissolving  the  acid 
in  absolute  alcohol,  and  passing  through  dry  hydrochloric  acid  gas. 
The  ether  was  precipitated  on  the  cooling  of  the  liquid  in  microscopi- 

cally small  needles,  melting  at  60-61°  C,  and  solidifying  in  a  crystal- 
line form.  Both  the  melting  point  of  the  free  acid  and  that  of  the 

ethyl  ether  agree  very  nearly  with  the  data  for  cerotylic  acid.  Cero- 
tylic  or  cerotic  acid,  F.  p.  81-82°  C. ;  Cerotic  ethyl  ether,  P.  p.  60-3° 
(Brodie).  If  the  elementary  analyses  agree,  these  data  will  make  it 
probable  that  the  acid  is  cerotylic  acid. 

JExtr action  with  Etlier  and  Alcohol. 

20*8555  grammes  dried  flax  were  extracted  with  absolute  ether  for 
twenty-four  hours,  and  weighed  .20"0455  grammes:  loss  of  weight 
0-810  gramme  =  3-88  per  cent. 

The  extract  freed  from  ether  (white  wax  and  green  oil)  weighed 

0-8057  gramme,  corresponding  to  3*86  per  cent,  loss  of  weight.  The 
20-0455  grammes,  after  extracting  with  absolute  alcohol  for  twenty- 
four  hours,  weighed  19-9455  grammes :  loss  ~  0-1000  =  0-45  per  cent. 
The  alcoholic  extract  was  of  a  deep  brown  colour,  and  after  evapora- 

tion of  the  alcohol  evolved  a  smell  similar  to  over-ripe  stawberries. 

Kolb,  in  his  experiments,  found  4-8  per  cent,  capable  of  being  extracted 
with  ether  and  alcohol;  but  he  carried  his  investigation  no  further  than 
to  give  it  as  his  opinion  that  the  matters  extracted  were  composed  of 
two  bodies  of  different  densities — a  wax,  and  an  odorous  essence,  the 
former  probably  complex,  all  of  which  had  been  long  ago  shown  to 
be  the  case  by  Dr.  Hodges,  and  is  now  confirmed  by  the  above  ex- 
periments. 

Extraction  with  Caustic  Soda  Solution. 

18-734  grammes  flax,  previously  extracted  with  ether  and  alcohol, 
and  dried  at  100°  C.-112°  C.  for  twelve  hours,  were  boiled  with  caustic 
soda  liquor,  till  no  further  loss  of  weight  took  place;  remaining  weight 

13-406  grammes:  loss  5-328  grammes  =  28-4  per  cent. 

Preparation  of  Pectic  Acid. 

A  large  quantity  of  flax  previously  extracted  with  ether  and 
alcohol  was  boiled  for  a  short  time,  say  one-half  to  one  hour,  with 
caustic  soda  solution,  and  a  little  sodium  carbonate.  The  decanted 
liquor  was  decolourised  as  much  as  possible  by  animal  charcoal,  and 
filtered.  The  liquor  was  faintly  brown.  This  liquor,  according  to 
Premy,  should  contain  pectic  acid,  as  it  is  his  idea  that  if  either  the 
ferment,  to  which  he  gave  the  name  of  pectase,  or  the  free  alkalies, 
or  their  carbonates,  be  allowed  to  act  on  a  substance  containing  the 

organic  body  pectine,  they  can,  the  former  at  a  temperature  of  30°  C, 
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and  the  latter  even  in  the  cold,  transform  it,  in  the  first  instance,  into 
pectosates  and  pectates,  and  finally,  if  their  action  be  continued,  into 
the  remaining  bodies  of  the  series.  The  liquor  gave,  Trith  an  excess 

of  hydrochloric  acid,  a  broTvn  gelatinous  precipitate,  -^hich  was 
•washed  on  the  filter  with  hot  water  for  some  time.  During  the 
■washing  the  precipitate  swelled  a  good  deal,  and  much  passed  through 
the  filter,  so  that  gelatinous  flakes  deposited  in  the  filtrate.  In  spite 

of  washing,  the  precipitate  still  contained  alkali  (in  0*2 1925  grm. 
of  dried  precipitate  0"002o  grm.  ashes).  It  dissolved  in  liquor  ammo- 

nia with  brown  colour ;  the  solution  yielded  a  gelatinous  precipitate 
with  barium  chloride.  After  diying,  it  resembled  in  appearance  a 
woody  brown  mass,  soluble  in  ammonium  oxalate,  but  insoluble  in 

absolute  alcohol  and  ether. ^  On  boiling  with  water  it  swelled  up, 
and  was  gradually  dissolved  as  presumably  metapectic  acid  ;  which  was 

shown  by  its  reducing  Fehling's  solution,  by  turning  brown  with  alka- 
lies, and  by  yielding  a  gelatinous  precipitate  with  silver  nitrate.  The 

solution  gave  an  acid  reaction  with  litmus.  All  the  reactions  here 

given  agree  with  Fremy's  statements  about  metapectic  acid, 

Extraction  ivitli  Lime  and  Prej)aration  of  Calcium  Ifeta-pectate. 

A  large  quantity  of  raw  flax  was  boiled  for  twelve  hours  with 
excess  of  milk  of  lime.  The  solution  was  filtered  and  freed  from 

free  calcium  hydrate  by  a  cuiTent  of  carbonic  dioxide  at  a  boiling  heat. 
The  filtered  brown  solution  of  calcium  metapectate  was  concentrated 
and  decolourised  by  animal  charcoal.  By  evaporation  in  a  platinum 
dish,  a  substance  was  obtained,  at  first  gummy,  then  hardening,  and 
still  rather  yellowish  and  rather  hygroscopic.  Two  samples  were 

powdered  and  dried  for  twelve  hours  at  100-110°  C. 

r0632  grms.  yielded  on  ignition  -2477  grms.  CaO  =  23"22  per  cent. 
■504    „  „  „  -119    ,,        CaO  =  23-61       „ 

The  solution  of  calcium  metapectate  gave  no  precipitate  with  hy- 
drochloric acid,  nor  with  barium  chloride  and  neutral  lead  acetate,  but 

only  with  basic  lead  acetate.  The  precipitate  was  soluble  in  an 
excess  of  the  precipitant.  In  order  to  ascertain  whether  Kolb  was 
correct  in  his  idea  of  the  non-existence  of  a  resinous  saponification, 
many  experiments  were  undertaken;  and  though  they,  like  the  rest  of 
my  work,  are  far  from  being  completed,  a  few  of  them  are  here  enume- 

rated, the  results  of  which,  so  far  as  they  have  gone,  tend  to  confirm 
Kolb's  conclusions. 

1  This  is  interesting,  inasmucli  as  Messrs.  Cross  and  Beran,  -ff-Mle  -working  on  a 
substance  prepared  in  a  somewhat  similar  manner  from  the  jute  fibre,  state  that  they 
found  it  to  be  soluble  in  alcohol,  and,  therefore,  not  pectic  acid;  which  is  rather  re- 

markable, as  Sehunk  found  a  pectic  compound  in  the  cotton  fibre :  and  Dr.  Hodges 
and  M.  Kolb,  ia  their  researches  on  flax,  describe  the  presence  of  pectic  com- 

pounds. 
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Treatment  of  Flax  Yarn  in  the  Cold. 

69*402  grms.  flax  were  covered  with  750  cc.  water,  and  left  stand- 
ing for  seven  days.     Loss  of  weight,  -14  per  cent. 

Treatment  of  Flax  toith  Water  at  a  Boiling  Seat. 

22  grms.  flax  were  boiled  for  six  hours  with  a-quarter  litre 
water.  The  light-brown  liquor  gave  a  faintly  acid  reaction  with  lit- 

mus paper ;  with  hydrochloric  acid  it  was  decolourised  with  the 
production  of  a  faint  white  opalescence ;  with  ammonium  hydrate  it 
turned  strongly  brown ;  with  neutral  lead  acetate  it  yielded  a  brown 
flocculent  precipitate ;  with  basic  lead  acetate  a  rnuch  more  abundant 
yellowish  precipitate. 

Treatmeyit  of  Flax  Fibre  ivith  Sot  Solution  of  Sodium  Carbonate. 

10  grms.  fibre  were  boiled  with  50  cc.  of  a  1  per  cent,  solution  of 
sodium  carbonate  for  sixteen  hours,  with  addition  of  about  150  cc. 
water.  The  liquor  was  poured  off,  the  fibre  was  washed  with  water, 
and  the  total  bulk  of  the  liquid  made  up  to  350  cc.  A  sample  treated 
with  hydrochloric  acid  showed  no  more  effervescence,  but  gave  a  brown 
gelatinous  precipitate,  the  liquid  being  decolourised. 

Treatment  of  Flax  Fibre  with  Sot  Sodium  Sulphide  Solution. 

13  grms.  flax  fibre  were  boiled  for  twelve  hours,  with  a  reflex 
cooler,  with  1  cc.  of  a  strong  sodium  sulphide  solution  and  a  great  deal 

of  water;  sulphuretted  hydrogen  was  given  off  in  considerable  quan- 
tity. After  twelve  hours  a  lead  soh:tion  did  not  produce  in  the  brown 

liquor  a  black,  but  a  brown  precipitate. 
Imperfect  and  incomplete  as  is  the  above  work,  yet  it  will,  I  trust, 

be  found  to  add  some  little  to  the  knowledge  hitherto  possessed  of  the 
action  of  several  chemicals  on  the  flax  fibre,  and  of  the  character  and 
constitution  of  some  of  the  constituents  of  the  plant ;  and  though  all 
the  results  which  were  obtained  in  the  series  of  investigations  under- 

taken are  not  given  in  this  Paper,  as  it  has  been  considered  advisable 
to  hold  them  over,  owing  to  the  want  of  time  for  their  completion,  and 
the  great  difficulty  experienced  in  preparing  sufficient  quantities  of 
the  materials  to  be  examined,  yet  I  venture  to  hope  that  those  already 
given  will  be  found  to  possess  considerable  scientific  interest. 

In  conclusion,  I  take  this  opportunity  of  thanking  my  friend  Pro- 
fessor Dr.  Lunge,  of  the  Technischchemisches  Laboratorium  Eidgenos- 

sesches  Polytechnikum,  Zurich,  through  whose  kindness  I  was  per- 
mitted to  pursue  these  investigations  in  that  laboratory,  and  for  whose 

valuable  suggestions  I  am  greatly  indebted.  I  have  also  to  acknow- 
ledge the  valuable  assistance  which  was  afforded  me  by  my  private 

assistant,  Dr.  Zimmermann,  now  assistant  in  the  laboratory  of  the  Uni- 
versity of  Ziii'ich. 
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LXYIII. — The  IxsTEUirEis'is  i^^  the  Old  Obsektatoey  at   Peking. 
By  J.  L.  E.  Deetee,  II.  A. 

[Read,  June  13,  1881.] 

"Wheis^  the  missionaries  of  the  Society  of  Jesus,  in  the  seventeenth 
century,  made  their  way  to  Peking,  and  startled  the  scientists  of  the 
Celestial  Empire  by  their  superior  knowledge,  they  found  in  the 
eastern  part  of  the  city,  on  the  rampart  or  wall  surrounding  it,  an 
astronomical  ohservatory  furnished  with  seyeral  old  instruments. 
Eather  Yerbiest  gained  the  confidence  of  the  Emperor  by  repeatedly 
calculating  beforehand  the  exact  length  of  the  shadow  which  a 
gnomon  would  throw  at  noon,  and  was  authorised  to  have  constructed 
six  new  large  instruments.  He  has  himself  described  these  in  a 

work  with  the  following  title: — "Astronomia  Europtea  sub  impera- 
tore  Tartaro  Sinico  Cam  Hy  appellato,  ex  umbra  in  lucem  revocata  a 
E-.  P.  Eerdinando  Yerbiest,  Elandro  Belga,  e  Societate  Jesu,  Acade- 

miae  astronomicse  in  regia  Pe  Kinensi  Praefecto "  (Dillingae,  1687, 
4to).^  The  old  instruments,  which  had  to  be  removed  to  make  room 
for  his  own,  he  seems  to  have  paid  no  attention  whatever  to  ;  at  least 
he  says  nothing  about  them  in  his  book,  except  (p.  47)  that  the 

Emperor  gave  him  leave  to  construct  new  instruments — "  Prioribus 
instrumentis  Sinicis  rudioris  Minervse,  quEe  jam  a  trecentis  proxime 

annis  speculam  occupabant,  inde  amotis."  . 
These  despised  instruments,  as  well  as  those  erected  by  Father 

Yerbiest,  are  still  in  existence.  Some  time  ago  I  received  from  a 
friend  residing  in  China,  llr.  S.  M.  Eussell,  a  series  of  photographs  of 
these  interesting  scientific  relics,  and  having  had  my  attention  drawn 
to  them  in  this  way,  I  thought  that  a  short  account  of  them  might  be 
read  with  some  interest,  particularly  as  there  has  not  been  much 
published  about  them  hitherto. 

The  only  plate  in  Yerbiest's  book  represents  the  platform  on 
which  the  six  new  instruments  were  mounted.  It  forms  a  square, 
with  two  small  additions  to  the  north-east  corner,  one  of  which  is  the 
head  of  the  staircase  leading  up  to  the  platform,  while  the  other  was 
occupied  by  a  small  house  to  which  the  observers  could  retire  in  bad 
weather.  ISText  the  staircase,  on  the  north  side  of  the  platform,  was  a 
high  mast,  with  a  weathercock  on  it.  I^ext  to  this  was  a  sextant  of  six 

feet  radius  {pedes  geometrici),  evidently  an  imitation  of  Tycho  Brahe's 
"  Sextans  bipartitus  minoribus  siderum  distantiis  inserviens,"  -  which 
it  exactly  resembles,  with  the  exception  that  the  arc  is  single.    The  arc 

^  This  book  seems  to  be  rather  scarce.  Through  the  kindness  of  Father 
Perry,  F.R.S.,  I  have  been  able  to  examine  a  copy  of  it.  Delambre  gives  an 
account  of  it  in  his  Ristoire  de  rAstrononde  dii  Moycn  Age,  p.  213,  et  seq. 

"^  Astronomia  instauratce  Mechanica,  fol.  D  3. 
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was  divided  to  15",'  and  the  observations  were  taken  "  per  pinnacidia 
rimosa  more  Tychonico."*  In  the  north-west  corner  was  a  quadrant 
(with  the  arc  downwards),  turning  in  azimuth  round  an  axis  which 
passed  through  the  middle  of  the  horizontal  radius.  In  the  middle  of 
the  west  side  of  the  platform  was  an  azimuth  circle,  supported  on 
four  legs,  and  having  in  the  middle  a  vertical  axis,  the  upper  end  of 
which  was  joined  by  wires  to  the  two  ends  of  an  alidade,  which  can 
be  turned  round  the  axis  to  any  azimuth.  In  the  south-west  corner 
stood  then  a  zodiacal  armillary  sphere,  to  which  corresponded  an 
equatoreal  one  in  the  south-east  corner,  while  there  was  a  revolving 
sidereal  globe  between  them,  six  feet  in  diameter.  Lastly,  the  middle 
of  the  east  side  of  the  platform  was  taken  up  by  a  low  square  tower, 
in  the  four  corners  of  which  four  mandarins  were  posted,  day  and 
night,  to  observe  the  weather,  meteors,  &c.,  about  which  they  pre- 

pared a  daily  report. 
It  would  be  needless  to  describe  these  instruments  more  in  detail ; 

they  are  true  copies  of  the  astronomical  instruments  devised  and 
constructed  by  Tycho  Brahe,  and  generally  used  long  after  his  time. 
They  were  not  furnished  with  telescopes.  The  photographs  show  with 
certainty  that  they  have  been  moved  about  since  they  were  mounted 
in  1673,  as  they  do  not  now  occupy  the  places  they  did  then  (as 
described  above).  Besides,  there  has  been  added  a  new  instrument 
to  the  collection  (but  when  I  have  not  been  able  to  find  out),  viz., 
another  azimuthal  quadrant.  This  instrument  differs  from  all  the 
others  in  not  being  profusely  ornamented  with  dragons  and  serpents  ; 
on  the  contrary,  it  is  in  very  pure  European  style.  Possibly  it  was 
constructed  some  time  during  the  eighteenth  century,  when  the  mis- 

sionaries felt  more  at  home,  and  less  afraid  of  dispensing  with  what 
looked  to  them  as  heathen  symbols. 

Besides  these  instruments  on  the  roof  of  the  old  observatory  there 
are  still  in  existence  two  others,  equally  large  and  imposing-looking, 
which  are  placed  inside  low  brick  enclosures  in  a  kind  of  yard 
adjoining  the  observatory.  These  I  had  also  (as  I  believe  they  have 
generally  been)  attributed  to  Verbiest,  as  they  were  not  very  different 
in  their  general  appearance  from  his  instruments.  However,  when  I 

came  across  a  Paper  by  Mr.  A.  Wylie — "  The  Mongol  Astronomical 
Instruments  in  Peking"  * — I  found  that  they  were  in  fact  two  of  the 
old  instruments  which  Verbiest  removed  from  the  observatory.  When 
they  were  placed  in  their  present  positions  appears  to  be  unknown  ; 
Gaubil  states  that  he  was  not  permitted  to  get  a  look  at  them,  and 

that  they  were  kept  in  a  closed  room.''  This  agrees  with  what  Father 
Le  Compte  says,  who  was  in  Peking  about  the  year  1688,  and  who 

'  Probably  by  means  of  transversals. 
*  Astronomia  JEicropiea,  p.  52. 
■*  Travcmx  de  la  3''  Session  die  Congrhs  International  dcs  Oiicnlalislos,  ̂   ol.  ii. 
*>  Souciet,  Observations  Matlteinatiques,  &c.,  T.  ii.,  p.  108. 
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saw  them  through  a  ■window  ''  close  set  with  iron  hars."  ''  They  are 
now  easily  accessible. 

According  to  Mr.  Wylie,  well-informed  natives  state  that  these 
instruments  were  made  ckiring  the  Yuen  dynasty,  and  he  quotes  a 
Chinese  description  of  Peking,  in  which  the  observatory  and  four 
large  instruments  (two  of  which,  from  the  description,  can  be  identi- 

fied as  the  two  still  extant)  are  said  to  have  been  constructed  in  the 
year  a.d.  1279.  This  date  brings  us  back  to  one  of  the  most 
interesting  periods  of  Chinese  history,  as  it  was  in  1279  that  Koblai 
Khan,  the  great  Mongol  monarch,  and  grandson  of  Djengis  Khan, 
finished  the  conquest  of  China,  and  moved  his  residence  to  the  new 
city  Taydo,  now  called  Pe-King.  Yery  different  from  his  ancestors, 
Koblai  was  a  monarch  who  favoured  science  and  arts,  and  he  sup- 

ported and  protected  the  astronomer  Ko  Show-King,  who  had  first 
had  the  control  of  the  waterways  of  the  empire,  but  whom  he,  in 
1276,  appointed  to  examine  the  system  of  chronology  then  in  use. 
Ko  Show-King  got  the  observatory  built,  and  constructed  a  number 
of  instruments,  all  of  which  are  counted  up  in  the  Yuen  She,  or 
History  of  the  Yuen  {i.e.,  Mongol)  dynasty.  The  descriptions,  as 
translated  by  Mr.  Wylie,  are  in  most  cases  very  difficult  to  under- 

stand, except  in  the  cases  of  the  instruments  Keen  e,  or  equa- 
toreal,  and  Ling-lung  e,  or  armillse — as  these  are  the  two  standing 
at  the  present  moment  in  the  courtyard  of  the  old  observatory. 
About  this  identity  there  can  be  no  doubt,  as  the  above-mentioned 
description  of  Peking  expressly  states  that  the  Keen  e  and  the 
Ling-lung  e  were  removed  in  1673  from  the  platform,  and  stored 
away  at  the  foot  of  the  building.  Gaubil  (/.  c.)  also  says  that  the 

instruments  which  in  his  time  were  kept  "dans  une  salle  fermee" 
were  made  by  Ko  Show-King. 

It  would  only  tire  the  reader  if  I  were  to  reproduce  the  whole 
of  the  elaborate  description  of  the  Chinese  writer,  particularly  as 
this  is  only  intelligible  when  compared  with  a  picture  of  the  instru- 

ments. What  I  wish  to  call  attention  to  in  these  pages  is,  that  we 
have  here  two  remarkable  instances  of  how  the  Chinese  people  often 
came  into  possession  of  great  inventions  many  centuries  before  the 
western  nations  enjoyed  them.  We  find  here  in  the  thirteenth 
centi;ry  the  equatoreal  armillse  of  Tycho  Brahe,  and  better  still,  an 

equatoreal  instrument,  like  those  "  armillse  sequatorise  maximse  "  with 
which  Tycho  observed  the  comet  of  1585,  as  also  fixed  stars  and 

planets.^ It  is  well  known  that  armillse  have  been  in  use  in  China  very 
early,  and  probably  before  the  astronomers  at  Alexandria  commenced 
using  instruments  with  graduated  circles.  It  is  particularly  stated  by 
Father  Gaubil  that  Sse-Ma-Tsien,  about  the  year  100  e.g.,  men- 

tions some   old  instruments,  with  circles   of    two  feet  five   inches 

''  Memoirs  and  Observations  Topographical  (London,  1697),  p.  65. 
8  Astr.  Inst.  Mcchanica,  fol.  D  2. 
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diameter.  It  is  added,  that  tlie  motions  of  the  stars  were  referred  to 
the  Equator,  and  that  there  was  no  instrument  in  use  for  observing 
the  motion  on  the  ecliptic.  This  would  seem  to  indicate,  that  the 
Chinese  astronomers,  who  in  so  many  respects  were  behind  the 
Greeks  in  their  knowledge,  had  actually  invented  equatoreal  armillse 
(which  were  not  in  use  in  Europe  before  Tycho  Brahe),  and  used 

them  instead  of  the  less  convenient  and  unsymmetrical  "  armilljB 
zodiacales,"  invented  by  Hipparchus,  and  still  used  even  by  Walther 
and  Hegiomontanus. 

But  even  if  it  be  admitted  that  the  description  of  these  old  instru- 
ments is  much  too  vague  to  found  on  it  a  claim  for  the  Chinese 

astronomers  of  the  time  before  Christ  as  being  the  inventors  of  the 

equatoreal  armiUte,  at  any  rate  it  is  now  certain  that  Ko  Show-King, 
the  astronomer  of  Koblai  Khan,  constructed  such  armillse  three 
hundred  years  before  Tycho  Brahe.  It  has  been  suspected  by  the 

younger  Sedillot^  that  Alhazen  knew  equatoreal  armillte  ;  but  even  if 
this  was  really  the  case,  it  would  probably  be  carrying  conjecture 
too  far  to  suppose  the  Mongol  astronomer  to  have  heard  of  this 
occidental  invention. 

The  instruments  of  Ko  Show-King  were  examined  in  one  of  the 
first  years  of  the  seventeenth  century  by  the  Jesuit  Matteo  Kicci 

(who  died  in  China  in  1610),^°  who  speaks  of  them  as  being  counter- 
parts of  some  he  had  seen  at  [Nanking,  and  described  at  some  length. 

Mr.  Wylie  (/.  c.  p.  18)  quotes  the  following  part  of  this  description 

from  Colonel  Yule's  translation  in  The  Boole  of  Ser  Marco  Polo 
(Vol.  ii.): — "A  second  instrument  was  a  great  sphere,  not  less  in diameter  than  that  measure  of  the  outstretched  arms  which  is 

commonly  called  a  geometric  pace.  It  had  a  horizon  and  poles ; 
instead  of  circles,  it  was  provided  with  certain  double  hoops,  the  void 
space  between  the  pair  serving  the  purpose  of  the  circles  of  our 
spheres.  All  these  were  divided  into  365  degrees  and  some  odd 

minutes.'^  There  was  no  globe  to  represent  the  earth  in  the  centre,- 
but  there  was  a  certain  tube,  bored  like  a  gun-barrel,  which  could 
readily  be  turned  about,  and  fixed  to  any  azimuth,  or  any  altitude,  so  as 
to  observe  any  particular  star  through  the  tube,  just  as  we  do  with 

our  vane-sights." 
This  description  evidently  refers  to  an  imitation  of  the  equatoreal 

armillee  now  in  the  courtyard  of  the  Peking  Observatory.  The  photo- 
graph shows  in  fact  very  distinctly  that  all  the  circles  are  double, 

separated  by  a  narrow  inteiwal.  Whether  this  interval  was  intended 
for  the  hollow  tube  to  slide  in,  or  whether  the  circles  were  only  made 
double  in  order  to  strengthen  the  instrument,  it  is  not  easy  to  see. 
Perhaps  both  these  objects  were  kept  in  view.  The  tube  appears  to 

have  four  longitudinal  slits  in  it,  9,0°  apart,  and  interrupted  near  the 

^  ProUf/omencs  dcs  Tables  Astronomiqucs  cV  Olouf/h- Beg.     Paris,  1847,  p.  cxxxiv. 
^"  JiJcher's  Gelehrtcn-Lcxivon,  Vol.  iii. 
"  It  will  be  remembered  that  the  Chinese  divided  the  circle  into  SGSt". 
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middle  of  the  tube ;  but  what  they  were  intended,  for  I  cannot  make 
out. 

The  other  instrument  of  Ko  Show-King,  the  Keen  e,  which  I  have 

above  likened  to  Tycho  Brahe's  armillse  maximse,  and  which  is  by  far 
the  more  interesting  of  the  two,  is  described  at  great  length  in  the 
Yuen  She.  It  consists  of  a  double  declination  circle,  six  feet  in 
diameter,  each  circle  two  inches  wide,  and  an  inch  in  thickness.  The 
interval  between  the  two  circles  is  one  inch,  and  they  are  connected 

at  four  points  90°  apart.  "The  degrees  and  minutes"  are  marked 
round  the  circumference  (Father  Matteo  says,  by  prominent  studs  of 
iron,  which  could  be  felt  in  the  dark).  There  is  no  polar  axis,  but 
two  parallel  stretchers,  four  inches  on  either  side  of  the  polar  pivots, 
and  joined  in  the  middle  by  a  transversal  brace,  in  the  micldle  of 
which  is  the  pivot  for  the  alhidade.  The  latter  has  pointed  ends  and 
two  sights,  with  a  round  aperture  in  the  middle,  three-fifths  of  an 
inch  in  diameter,  "■  with  a  fiducial  line  down  the  centre."  The 
south-pole  pivot  is  in  the  centre  of  a  diurnal  circle,  also  sis  feet  in 
diameter,  and  divided  into  twenty-four  hours.  On  this  circle,  which 
is  let  into  the  mounting  of  the  instrument,  slides  an  equator-circle 
of  the  same  diameter,  "  divided  into  degrees  and  minutes,  according 
to  the  twenty-eight  constellations."  The  following  particulars  I  copy 
verbatim  from  Mr.  Wylie's  translation  : — "  A  hole  is  made  through  the 
centre  of  the  north-pole  pivot.  At  the  bottom  of  this  hole  a  trans- 

verse hole  is  drilled  from  side  to  side.  A  thread  is  passed  up  the 
centre,  bent  over,  and  brought  out  at  the  two  transverse  holes,  and 
fastened  at  both  sides.  Three  lengths  of  thread  are  passed  through 
the  hole,  and  fastened.  At  the  upper  and  lower  ends  respectively 
threads  are  carried  down  to  the  two  ends  of  the  index  bars  {i.e.  the 
alidade),  and  passed  through  a  hole,  being  sunk  into  the  under  side  of 
the  index  bar,  along  the  centre  line  of  which  a  groove  is  cut  to 
receive  the  thread.  It  is  then  carried  along  the  middle  of  the  slit  to 
the  centre  of  the  index  bar,  and  through  a  hole  in  the  middle  part 
the  thread  is  passed  up  from  the  lower  side  of  the  index  bar,  and 

fastened." 
This  thread  or  wire  has  probably  disappeared  from  the  instrument 

centuries  ago. 

Mr.  Wylie's  Paper  contains  two  lithographs  of  the  two  instru- 
ments, but  not  seen  from  a  good  point  of  view,  and  consequently  not 

showing  all  the  details  well.  I  trust  the  reader  will  have  learned 
sufficient  from  the  above  descriptions  to  acknowledge  the  historical 
interest  attached  to  these  old  instruments,  which  anticipated  some  of 
the  ideas  of  the  great  Danish  astronomer  three  centuries  before  his 
time. 
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LXIX. — PEELnrnsrAUT  Eepokt  oisr  Soui^DriSrGS  takejt  US'  Lough  Gill, 
Sligo.  By  Edwaud  T.  Hakdhau-,  F.  C.  S.,  &c.,  H.  M.  Geological 
Survey. 

[Eead,  June  13,  18S1.] 

A  GEANT  of  fifteen  pounds  having  been  voted  by  tbe  Ptoyal  Irish  Aca- 
demy towards  carrying  out  the  above  object,  the  work  was  entered  on 

during  a  part  of  last  year  (1880).  Owing  to  various  circiimstances  it 
was  not  commenced  until  somewhat  late  in  the  season,  but  advantage 
was  taken  of  a  continuance  of  favourable  weather  to  obtain  a  great 
many  soundings.  These  have  been  as  yet  confined  to  lines  of  sections 
along  and  across  the  lake,  and  in  some  of  the  principal  bays  and  inlets 
of  it,  as  well  as  depths  ascertained  around  some  of  the  various  islands. 

In  this  way  a  good  deal  of  information  has  been  obtained  as  to  the 
form  of  the  lake-bottom,  and  many  interesting  facts  noted,  which, 
when  more  fully  followed  up,  will,  it  is  expected,  help  considerably 
to  elucidate  the  physical  history  of  the  lake. 

It  is  proposed  this  year  to  continue  these  soundings,  and  to  en- 
deavour to  obtain  a  series  of  depths  along  the  shores  at  regular 

intervals  from  it. 

The  principal  section  runs  right  along  the  centre  of  the  lake  from 
end  to  end,  beginning  at  the  entrance  of  the  River  Garavogue,  passing 
by  Church  Island,  and  continuing  on  to  Shriif  Bay.  The  depths 
along  this  line  are  considerable  in  some  places ;  and  one  thing  very 
noticeable  is  a  tendency  to  very  sudden  differences  of  level  in  short 
distances.  It  is  not  uncommon  to  find  within  a  distance  of  400  feet  a 

difference  of  depth  of  30  feet  or  more. 
The  principal  depths  on  this  section  are : — Between  Cottage 

Island  and  Church  Island,  65  feet;  one  mile  from  the  latter  island, 

96-38  feet;  a  little  further  on  eastward,  97-6  and  99  feet;  then  105 
and  116  feet,  the  last  being  the  greatest  depth  yet  found  in  the  lake. 
This  lies  a  little  more  than  one  mile  from  the  east  end  of  Church 

Island,  and  one  mile  and  three-quarters  from  the  east  end  of  the 
lake.  From  this  point  to  the  end  of  the  section  at  Shriff  Bay  the 
lake  shallows  again. 

It  should  be  noted  that  the  depths  given  here  are  those  actually 
taken.  But  as  the  water  was  at  the  time  exceptionally  low,  and  at 
least  ten  feet  below  its  ordinary  winter  level,  it  would  be  necessary 
to  add  five  feet  for  the  average  depths  of  the  lake.  The  greatest 
depth  would,  therefore,  be  about  121  feet. 

Another  section  was  taken  parallel  to  the  last,  and  south  of  it, 
along  the  shore,  from  Aghamore  Bay,  through  Goat  Island,  to  Slish 

"Wood.  The  depths  along  this  line  are  moderate  as  far  as  Goat Island,  where  they  suddenly  increase.  The  northern  shore  of  this 
island  shelves  down  very  rapidly,  forming  a  deep  cliff,  which,  at 
thirty  yards  from  the  shore,  is  63  feet  in  depth.     Further  on  the 
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depth  is  88  feet,  and  half  a  mile  east  of  the  island,  just  opposite  the 

entrance  of  Buno-^ven  Bay,  the  sounding  was  103-7  feet. 
Two  sections  were  run  along  the  shores  of  Bunowen  Bay,  proving 

the  water  even  close  to  the  shore  to  he  very  deep,  in  some  places  one 

hundi'ed  yards  only  from  the  shore  being  from  35  to  47  feet. 
Sections  were  run  from  this  bay  to  the  south  of  Church  Island, 

proving  some  considerable  depths.  A  remarkable  one  is  about  sixty 
yards  south  of  the  spit  of  land  forming  the  southern  point  of  the 
island,  where  there  is  a  sudden  drop  of  84  feet  in  hard  rock. 
In  fact,  all  along  the  southern  side  there  is  very  deep  water,  while 
that  on  the  northern  is  very  shallow. 

Other  sections  were  run  from  Church  Island  to  Leggamore  Bay 
(Holywell),  and  from  this  to  Wolf  Island,  near  the  Garavogue  river. 
The  greatest  depths  in  these  were  34  and  41  feet  respectively. 

Another  section  was  obtained  from  Toberconnel  Bay,  southwards, 
towards  Eockwood,  in  the  narrowest  part  of  the  lake.  The  depths 

here  are  considerable — half  a  mile  from  the  shore  they  reach  99  feet, 
and  a  Kttle  further  south  96  feet. 

Besides  the  above,  several  isolated  soundings  were  taken,  but  these 
possess  at  present  no  particular  interest. 

The  season  being  then  too  advanced,  the  work  was  stopped.  It 
will  be  continued  this  summer,  and  it  is  hoped  that  a  full  Eeport, 
with  chart  and  sections,  will  be  ready  for  presentation  to  the  Academy 

during  the  next  "Winter  Session. 

Summary  of  Facts. — It  would  be  premature  as  yet  to  enter  into 
the  geological  aspects  of  the  subject,  but  the  following  points  may  be 
noted : — 

1°.  The  great  and  frequently-recurring  irregularity  of  the  bottom of  the  lake. 

2°.  The  preponderance  of  depth  (with  few  exceptions)  on  the 
south  side,  along  which  a  great  line  of  fault  runs. 

3°.  That  many  of  the  deeps  of  the  lake  nearly  coincide  with  the direction  of  known  lines  of  faults  in  the  shore  rocks. 

4°.  That  while  the  direction  of  the  ice-flow,  as  indicated  by  the 
markings,  in  the  district  immediately  around  the  lake  is  towards  the 

IS'.W.  or  jST.jS'.W.  (that  is,  across  it),  the  principal  line  of  the  lake  is in  an  east  and  west  direction. 

5°.  That  the  numerous  small  islands  in  the  lake  form  sub- 
aqueous cliffs,  which  cannot  be  regarded  as  due  to  ice  action,  seeing 

that  the  "crag,"  or  cliff,  faces  indifferently  north,  south,  and  east. 

On  the  whole,  therefore,  the  evidence  at  present  seems  to  point  to 
the  origin  of  the  lake  as  due  to  faults  ancl  subsidences  in  the  first 
place,  followed  by  chemical  erosion  of  the  limestone  rocks  along  the 
lines  of  fault.  That  ice-action  assisted  in  the  details  of  the  carving 
out  to  some  extent  there  can  be  little  doubt ;  but  these  matters  will 
be  fully  entered  into  in  a  subsequent  Eeport. 
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LXX. — Eepoet  on  the  Rocks  of  the  Fintona  aito  Cuelew  IIotjntaiit 
DisTEiCTs.  By  Gr.  H.  Etnaean,  M.E.I. a.,  with  Palseontological 
Eemarks  by  W.  H.  Baiit,  F.G.S.  (With  Plates  XVI.  and  XYII.) 

[Eead,  April  12,  1880.] 

I]!TTEODUCIIOIS", 

The  committee  commenced  operations  in  the  neighbourhood  of  Pome- 
roy,  and  worked  south-westwards  to  Lisbellaw,  Dmmshambo,  Boyle, 
and  BaUaghaderreen ;  while,  for  comparison,  a  traverse  was  made  of 
the  rocks  in  the  Croaghmoyle,  Toormakeady,  Clew  Bay,  and  Killary 
Bay  districts. 

As  the  fossils  are  an  important  element  in  the  inquiry,  on  account 
of  the  occurrence  of  an  assemblage  of  English  Cambro- Silurian  fomis  at 
certain  places  in  the  Irish  Silurians,  a  list  of  those  recorded  from  dif- 

ferent areas  is  given  in  a  tabular  form,  whereby  those  common  to  the 
different  localities  can  be  seen  at  a  glance. 

The  report  is  divided  into  three  parts  : — First.  A  discussion  of  the 
Pomeroy  and  Lisbellaw  fossiliferous  rocks.  Second.  A  Table  of  the 
Cambro- Silurian  fossils  found  at  Pomeroy  and  Lisbellaw,  with  those 
found  in  the  different  Irish  Silurian  tracts.  Third.  A  discussion  of 

the  Silurian  rocks,  commonly  called  ''Lower  Old  Eed  Sandstone,"  of 
Tyrone,  Fermanagh,  and  the  Curlew  Mountains,  with  their  relations 

to  the  Silurians  of  S."W.  Mayo  and  N-W.  Galway. 

PAET  l.—{In  Abstract.) 

FoSSrLIEEEOIJS  EOCKS  IK  THE  NeIGHBOUEHOOD  OE  PoMEEOT. 

Near  Pomeroy  are  three  distinct  groups  of  rocks  (neglecting  the 
Carboniferous),  namely — 

Eed,  purple,  and  greenish  sandstones,  con-  \ 

glomerates,  and  sandy  shales,  with  inter-  j     "  Lowee  Old 
stratified  masses  of  eurite  (basic  felstone),  I  Eed  Sandstone" 
tuff,  breccia,  and,  in  places,  green  shales  \       (Silurian). 
and  limestone. 

Green,  grey,  and  bluish  shales,  slates,  and 
grits  ;  a  few  of  the  latter  being  quartzose  j         p 
and    conglomeritic,  while    some   of   the  omee 
shales  are  calciferous,  and  many  of  them 
fossiliferous. 

Seeies. 

,     [  Metamorphic     sedimentary    and    eruptive )  Aeenig 
(      rocks,  with  intrusions  of  granite,  &c.         )  Geoup. 

E.I.A.  PROC,  see.  II.  VOL.  III. — SCIENCE.  2  B 
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The  reasons  for  classifying  tlie  rocks  of  group  1  as  Arenig  are  given 

in  a  Paper  already  read  before  the  Academy,  "On  some  supposed 

Cambrians  in  Co.  Tyrone  and  E^.E.  Mayo."^ Attention  is  now  directed  to  the  rocks  of  the  Pomeroy  series, 
which  are  evidently  much  newer  than  the  metamorphic  rocks  north 
of  them  {Arenig  group),  although  both  groups  are  called  Lower  Silu- 

rian, in  the  Geological  Survey  Memoir  descriptive  of  the  district.  The 
fossils  of  this  series  are  of  types  indicating  an  age  similar  to  the 
English  Caradoc-Bala  series  :  this,  although  important,  is  not  conclu- 

sive evidence,  on  account  of  the  zones  of  English  Cambro-Silurian 
fossils  occurring  in  the  Irish  Silurians.  All  the  evidence  on  both 
sides  was  therefore  given. 

The  point  of  greatest  interest  with  respect  to  the  Pomeroy  series 
is  to  determine  the  relation  between  them  and  the  overlying  ones  of 

the  "Lower  Old  Red  Sandstone"  type  :  we  believe  this  to  be  one  of 
unconformability.  Portlock,  on  the  contrary,  says  in  his  Report  that 
the  latter  seem  to  lie  conformably  on  the  former.  His  boundary  of 
the  Pomeroy  strata  has  been  left  substantially  unaltered  by  the  Geo- 

logical Survey.  If  the  southward  part  of  his  boundary  between  the 
two  groups  now  in  question  in  Shanmaghry  were  rightly  placed,  his 
conclusion  would,  in  all  probability,  be  correct,  because  the  rocks 
above  and  below  the  geological  horizon  at  that  place  evidently  form  a 
continuous  sequence.  But  the  more  detailed  maps  which  accompanied 

our  Report  (of  which  PI.  XVI.,  fig.  1,  is  a  reduction)  show  that  Port- 

lock's  boundary  near  Aghafad  is  probably  incorrect,  as  the  faults  that 
shift  the  boundary  in  that  part  are  ignored.  He  has  there  included  in 

the  Pomeroy  series  rocks  which  really  belong  to  the  "  Lower  Old  Red 
Sandstone"  type.  We  believe  that  the  boundary  should  be  north  of 
Shanmaghry,  viz.,  at  Aghafad  (see  PI.  XYI.,  fig.  2).  The  section  at 
that  place  is  the  only  nearly  continuous  one  to  be  seen  ;  and  although 
it  is  not  quite  conclusive,  it  certainly  suggests  an  unconformability 

at  the  red  conglomerate  there  exposed.  Elsewhere  Portlock's  boun- 
dary would  imply  an  unconformability  between  the  two  groups  of 

strata  in  question.  The  long  narrow  strip  of  "  Lower  Old  Red  Sand- 
stone" which  he  supposed  to  extend  along  the  east  side  of  the  Pomeroy 

strata  between  them  and  the  Carboniferous  sandstone,  if  it  really 
existed,  would  in  all  probability  lie  unconformably  on  the  Pomeroy 

strata.  But  we  cannot  avail  ourselves  of  this  confii'mation  of  our  po- 
sition, for  all  the  evidence  that  we  could  collect  goes  to  show  that  the 

Carboniferous  sandstone  lies  directly  on  the  Pomeroy  strata,  without 

any  intervening  "  Lower  Old  Red  Sandstone."  Along  the  western 
side  of  the  exposure  of  the  Pomeroy  strata,  where  Portlock's  boundary 
between  the  two  groups  noAV  in  question  is  correctly  drawn,  no  ma- 

terial for  a  conclusion,  one  way  or  the  other,  respecting  the  relation 
of  those  groups  can  be  obtained,  on  account  of  the  numerous  faults  in 
that  neighbourhood. 

^  proceedings,  Eoyal  Irish  Academy,  ser.  ii,  vol.  iii..  Science. 
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The  reasons  for  and  against  the  unconformability  bet\veen  the  rocks 

of  the  Pomeroy  series  and  those  of  ''Lower  Old  Eed  Sandstone"  type 
may  be  tabulated  as  follows  : — 

Foe. 

The  Aghafad  conglomerate  blocks 
seem  to  be  the  untransported  debris  of 
tbe  basal  bed  of  the  "  Lower  Old  Eed 
Sandstone"  ;  and  if  this  dips  at  a  simi- 

lar angle  to  tbe  rocks  a  little  vraj  off 
towards  tbe  soutb,  all  ougbt  to  lie  un- 
conformably  on  the  fossiliferous  rocks 
to  the  north. 

As  the  rocks  at  present  appear,  in  the 
north-east  comer  of  Comamaddy,  there 
seems  to  be  an  unconformability  between 
the  two  series. 

The  general  strike  of  the  rocks  of  the 
Pomeroy  series  would  suggest  that  they 
extended  unconf  onnably  under  the  later 
rocks  to  the  west.  Moreover,  to  the 
westward,  about  two  miles  X.E.  of  Sis- 
mile-Cross,  adjoining  the  Camowen  ri- 

ver, there  is  a  small  exposiire  of  rocks, 
very  Kke  those  of  the  Pomeroy  series, 
standing  at  a  high  angle  and  striking  at 
the  later  rocks.  Unfortunately  this  ex- 

posure is  so  small,  that  it  is  impossible 
to  say  for  certain  the  true  age  of  these 
rocks. 

The  rocks  of  the  Pomeroy  series  ap- 
pear to  be  much  more  broken  up  and 

displaced  by  faidts  than  the  overlying 
rocks. 

The  fossHs  of  the  Pomeroy  series  are 
almost  entirely  of  English  Caradoc-Bala 
types  (Cambro-Siliirian). 

To  the  S.  "W.  of  the  area  of  the  rocks 
of  the  "Lower  Old  Red  Sandstone" 
type,  at  Lisbellaw,  in  the  county  of  Fer- 

managh, there  are  rocks  very  similar  to 
those  of  Pomeroy,  and  containing  some 
fossils  identical  in  species.  On  these 
Lisbellaw  rocks  the  rocks  of  the  ' '  Lower 

Old  Eed  Sandstone"  type  Lie  unconfor- 
mably. 

Agaes'st. 
All  the  rocks  in  the  Aghafad  section 

have  a  similai-  strike,  and  dip  in  one 
dii'ection.  The  rocks  in  Lm-ganeden, 
a  little  south  of  the  Aghafad  conglome- 

rate, are  very  similar,  if  not  lithologi- 
caUy  identical,  with  some  of  the  rocks 
of  the  Pomeroy  series. 

In  the  valley  at  the  N.  E.  of  Coma- 
maddy there  are  evidently  various  con- 

current faults  ;  therefore  the  rocks 
exposed  may  not  faiiiy  reveal  the  true 
position  of  the  strata. 

Lf  those  rock  tracts  which  are  un- 
doubtedly faulted  be  neglected,  in  the 

other  places  the  strike  and  dip  of  the 
rocks  of  both  series  appear  very  similar. 

Ai'gillaceous  rocks  may  he  much  more 
broken  up  and  displaced  by  favilts  than, 
others  of  the  same  group  which  are 
arenaceous. 

Fossils  of  Caradoc-Bala  type  occur  in 
some  zones  of  the  Irish  Silurians  of 

Keny,  Galway,  and  Mayo ;  and  there- 
fore the  occuiTcnce  of  such  is  not  con- 

clusive e^ddence  in  Ireland  that  the 

strata  containing  them  are  Cambro- 
Silurian. 

It  is  possible  that  the  rocks  of  the 
"  Lower  Old  Eed  Sandstone"  type  may 
be  in  part  equivalents  of  the  Glengariff 

grits,  that  is,  of  the  "Passage  beds" between  the  Silurian  and  Carboniferous. 
In  such  case  it  would  be  possible  that 
although  the  rocks  form  a  continuous 
sequence  at  Pomeroy,  yet  elsewhere,  on 
account  of  an  overlap,  higher  or  later 
beds  might  lie  imconfonnably  on  the 
Lisbellaw  rocks. 

The  balance  of  the  evidence  was  considered  by  us  to  be  favourable 
to  the  unconformability  between  the  rocks  of  the  Pomeroy  series  and 

2E2 
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the  overlying  ones  of  the  ''Lower  Old  E,ed  Sandstone"  type,  and 
therefore  to  be  confirmatory  of  the  inima  facie  presumption  afforded 

by  their  fossils  that  the  rocks  of  the  Pomeroy  series  are  of  Cambro- 
Silurian  age. 

LiSBEIlA-W  PoSSrLIPEEGTJS  EoCKS. 

Two  groups  occur  to  the  northward  of  Lisbellaw,  the  later  lying 
unconformably  on  the  older. 

^  Eed  sandstone  and  sandy  shales,  with  some " 
I       green  beds.     At  Lisbellaw  there  are  mas-        ,,^  r\ 
\        ■  1  L.         ■i.-u  ■  ̂ •         St  '' Lower  Old n  sive  conglomerates  with  mliers  oi  green  ,  -d      o  11 

2.  <^  1,    1  >n,  •  1  ^  >±tED  bANDSTONE  ' 
j       shales.     The  massive  conglomerates  ap-  [       ,^..     •     s 

I       pear  to  be  very  local,  as  they  do  not  occur  |        ̂   -'' 
to  the  north-eastward  or  westward.  J I 

!Grey  to  dark  blue  shales,  slates,  and  grits,  \
 

with,  in  some  places,  green  grits ;  some  i 
beds  fossiliferous.  They  are  occasionally  v 
metamorphosed  in  part  as  if  by  paroptetic  \ 
action.  J 

Catmbeo- SlLTJElAN. 

The  rocks  of  group  1  occupy  only  a  small  area,  in  which  there  are 
few  exposures ;  they  are  fossiliferous  near  the  hamlet  called  the  Slate 

Quarry.  From  the  rocks  seen  and  a  knowledge  of  other  Irish  Cambro- 
Silurians  it  is  suggested  that  they  are  probably  on  a  somewhat  lower 
geological  horizon  than  the  rocks  of  the  Pomeroy  series.  Prom  a 

letter  received  from  Mr.  "W.  Staunton,  it  would  appear  that  this 
authority,  judging  from  the  contained  graptolites,  considers  the  rocks 
of  the  Pomeroy  series  to  be  the  equivalent  of  the  Lower  Llandovery, 

or  the  uppermost  rocks  of  Cambro-Silurian  age. 
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PAET  II. 

Pal^ontologicai  !N'otes.     By  "W.  H.  Bailt,  F.G.S. 

The  following  Table  includes  a  complete  list  of  recorded  species 
from  the  localities  mentioned  at  the  head  of  each  column :  to  these 

are  added  some  others,  the  result  of  our  visit  to  the  districts  we  pro- 
posed to  investigate. 

The  first  column  (iS'o.  1)  is  that  of  the  Pomeroy  district,  Co.  Tyrone, celebrated  for  the  beauty  and  variety  of  its  fossils.  The  large  number 
of  1 1 1  species  are  included  in  this  list  from  that  comparatively  small 
area  of  strata.  Amongst  them  the  Trilobites,  an  extinct  order  of  Crus- 

tacea, number  27  species;  Brachiopoda,  20  species;  Mollusca-Conchifera, 
14  species ;  Gasteropoda,  10  species;  Pteropoda,  5  species;  and  Cepha- 

lopoda, 15  species  :  all  these  are  Lower  Silurian  fossils  of  Caradoc-Bala 

types.  The  majority  are  described  and  figured  in  Portlock's  Eeport 
on  the  Geology  of  Londonderry,  Tyrone,  &c.  The  Trilobites  include 
species,  some  of  which,  as  Cyhele  rugosa,  Remopleurides  Colhii,  Fhacops 
Brongniartii,  P.  tnmcato-caudatus,  Trinucleus  concentricus,  and  T.  seti- 
cornis,  being  identical  with  those  of  Caradoc  or  Bala  age  from  England 
and  Wales  :  others,  such  as  Sarpes  Borani,  S.  Flanagani,  Ampyx 
rostratiis,  Asaphus  gigas,  A.  radiatus,  A.  rectifrons,  IllcBnus  Portlochii, 
Staurocephalus  gloliceps,  Stygina  latifrons,  andPronteus  MihernicKs,  are 
exclusively  Irish  species.  The  Brachiopoda  are  next  in  importance 
to  the  Trilobites  in  respect  to  the  number  of  forms ;  amongst  them, 
Lingula  Irevis,  Orthis  fallax,  and  0.  intercostata,  are  the  only  species 
at  present  known  to  be  exclusively  Irish ;  the  others,  although  some 
of  them,  such  as  Discina  oblongata,  Orthis  liforata,  0.  crispa,  0.  por- 
cata,  8troplionema  corrugatella,  S.  expansa,  S.  grandis,  are  eminently 

characteristic  of  Irish  strata,  also  occur  in  England  and  "Wales,  and some  of  them  in  Scotland.  Bivalve  and  univalve  lloUuscan  shells 

(Conchifera  and  Gasteropoda)  are  not  nnfrequent  in  these  grey  schists. 
Amongst  the  former,  Kucula-like  shells,  Ctenodonta,  are  plentiful,  as 
many  as  six  species  being  enumerated ;  it  is  very  possible,  however, 
that  some  of  them  may  prove  to  be  merely  variations  of  form ;  Modio- 
lopsis  and  Ambonychia  are  also  frequent.  Of  the  Gasteropoda,  or  uni- 

valve shells,  Euomphalus  and  Murchisonia  are  the  most  frequent.  The 

IS'ueleobranchiata  include  three  species  of  Bellerophon,  and  the  Ptero- 
poda two  species  of  Conularia,  the  remarkable  spirally- coiled  Eccu- 

liomphalus  Bucklandi,  and  two  species  of  Theca.  Shells  of  Cephalopoda 
are  frequent,  particularly  Orthoceras,  which  is  represented  by  twelve 
species,  four  of  which — 0.  Ireviconicum,  0.  elongato-cinctum,  0.  per- 
annulatum,  and  0.  Pomeroense,  are  confined  to  this  district ;  the  cui'ved 
Cyrtoceras  inmqidseptum  is  exclusively  an  Irish  fossil,  although  it  has 
also  been  found  in  beds  of  similar  Caradoc  age  at  Tramore  Bay, 
Co.  Waterford. 
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A  sponge  doubtfully  referred  to  Cliona,  a  few  corals,  and  some 
characteristic  Graptolites,  complete  the  list  from  the  highly  fossilife- 
rous  strata  of  Pomeroy  and  neighbourhood. 

The  fossils  described  from  Lisbellaw,  Co.  Fermanagh  (Xo.  2  of  the 
Table),  for  the  most  part  by  General  Portlock  in  the  Eeport  before 
cited,  number  ten  species  only,  four  of  them  being  Graptolites,  which, 

like  those  of  Pomeroy,  occur  in  dark-grey  slates  :  thi'ee  of  these  also 
occur  at  Pomeroy,  one  only,  Graptoliilim  Sagittarius,  up  to  the  pre- 

sent not  having  been  recorded  from  that  locality.  The  BivalTe  shells, 
Mytilus  ductus  and  Cardiola  semi-rugata,  are  exclusively  confined  to 
Caradoc  strata,  the  first-named  species  also  occurring  in  precisely 
similar  rock  at  Pomeroy.  The  Cephalopod  shell  Poterioceras  ajpp'oxi- 
matum  is  likewise  a  typical  Caradoc  species,  and  exclusively  confined 
to  that  formation. 

The  fossils  discovered  in  the  course  of  this  investigation  in  rocks 
previously  described  as  Old  Red  Sandstone,  at  Casheldaff,  X.  W.  of 

Ballaghaderreen,  Co.  ]iIayo,  !N".  E.  (Xo.  3  of  Table},  are  undoubted 
Upper  Silurian  (as  are  other  well-known  fossils  at  Uggool,  &c.,  in  the 
immediate  neighbourhood  to  the  S.  W.),  and  of  Upper  Llandovery 
types.  Seven  species  were  identified  from  the  collection  made  at  this 
place  on  the  occasion  of  our  visit ;  four  of  these  have  a  geological 
range  from  Caradoc  or  Bala  to  Upper  Llandovery  strata,  two  of  them 
continuing  on  into  TVenlock  strata.  Of  the  remaining  two  species 
one,  Pentamerus  ollonyus,  is  confined  to  Llandovery  strata,  the  other, 
Strichlandinia  lirata,  commencirLg  in  the  Lower  Llandovery,  continues 
on  to  the  Wenlock ;  both  are,  however,  highly  characteristic  of  Llan- 

dovery strata. 

"We  have  included  in  the  Table  (Xos.  4,  5,  6,  7  and  8)  certain 
Lower  Silurian  fossil  localities  in  the  ̂ est  Connaught  district,  coun- 

ties of  Mayo  and  Galway,  and  another  (Xo.  9)  from  the  Dingle  district, 
Co.  Kerry,  for  comparison.  Column  Xo.  4  tabulates  the  fossils  from 
cliffs  above  Lcugh  Bellawaum,  Co.  llayo,  all  being  of  Caradoc-Bala 
types.  Eleven  species  are  enumerated  fi'om  this  locality  (Explanatory 
Memoir  of  the  Geological  Survey  to  Sheets  83  and  84,  p.  31),  one 
being  of  doubtful  identification  :  seven  of  them  are  Brachiopods,  one 
Mollusca-Conehifera,  two  Xucleobranchiata,  and  one  Cephalopod. 
Three  of  these  fossils,  viz.,  Leptcena  sericea,  Orthis  testudinaria,  and 
Seller ojahon  hilobatus,  range  from  Llandeilo  to  Llandovery  strata ; 
three,  viz.,  Lingida  ovata,  Poramlonites  intercedens,  and  Ctenodonta 
transversa,  are  confined  to  Caradoc  strata ;  and  three  others,  viz., 
Orthis  liforata,  BelJeroplxon  trilobatus,  and  Orthoceras  ilex,  range  from 

the  Caradoc  to  "Wenlock  and  Ludlow  strata ;  all,  therefore,  are  pre- sent in  strata  of  Caradoc  or  Bala  age,  although  some  of  the  species 
commence  in  older  formations,  and  continue  on  into  newer.  The 
fossils  collected  from  the  S.  E.  side  of  Mweelrea  Mountain,  in  the 
county  of  Mayo  (column  Xo.  5),  also  indicate  Caradoc  strata:  four 
species  only  are  enumerated,  all  of  which  likewise  occur  in  the  pre- 

ceding locality. 
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At  Uggool,  Killary  Harbour,  Co.  Mayo  (column  lN"o.  6),  the  same fossiliferous  strata  of  Caradoc  age  are  prevalent,  the  number  of  forms 
being  considerably  increased.  Seventeen  species  from  this  locality 
are  included  in  the  list ;  amongst  them,  one  coral,  HelioUtes  tuhulatus, 

a  species  ranging  from  Caradoc  to  "Wenlock ;  a  crinoid  referred  to Glyptocrinus,  five  species  of  Brachiopoda,  three  species  of  Grasteropoda, 

two  jS'ucleobranchiata,  all  being  characteristic  of  Caradoc  strata ;  three 
of  Pteropoda,  exclusively  Caradoc  species  ;  and  two  Cephalopods,  both 
of  them  having  a  geological  range  from  Caradoc  to  Ludlow  strata. 

At  two  places  N.  E.  and  S.  "W.  of  Toormakeady,  in  the  counties of  Galway  and  Mayo  (column  No.  7),  fossils  of  Caradoc  age  occur  in 
pink  and  grey  brecciated  limestone,  very  similar  to  that  of  the  Chair 
of  Kildare,  both  in  lithological  character,  and  the  preponderance  of 
Trilobite  remains.  The  fossils  consist  of  Crinoidal  remains  referred  to 

Glyptocrinus,  four  species  of  Trilobites,  of  which  three,  Cheirurus 
lirnucronatus,  Cyhele  verrucosa,  and  lUmtms  Boivmanni,  commence  in 
Caradoc  strata,  the  two  last-named  species  continuing  on  to  the  Llan- 

dovery and  the  first-named  one  to  the  Wenlock,  whilst  theliourth, 
Phacops  caudatus,  has  hitherto  been  recorded  as  commencing  in  Llan- 

dovery strata  only,  passing  up  into  the  Ludlow  series.  Here,  how- 
ever, we  have  it  associated  with  undoubted  Caradoc  fossils.  From 

these  localities  eight  species  of  Brachiopoda  are  enumerated,  all  of 
which  are  of  Caradoc  types,  although  some  of  them  commence  in  the 
Llandeilo  formation,  and  others  continue  on  to  Wenlock,  and  even 
Ludlow  strata. 

Prom  Lough  Muck,  Co.  Galway  (No.  8),  only  three  species  are 
recorded,  all  similarly  indicative  of  Caradoc  strata,  viz.,  Gra/ptolithus 
tenuis,  having  a  geological  range  from  Llandeilo  to  Caradoc,  and  the 
Gasteropod  MoUusca  Holopea  concinna,  and  MwrcMsonia  olscura,  both 
confined  to  Caradoc  strata. 

The  remaining  column  (No.  9),  from  Anascaul,  Co.  Kerry,  in- 
cludes but  three  species — a  Crinoid,  the  Polyzoan  {Ptiloclictya  dicho- 

toma),  and  a  Pteropod  ( Conularia  elongata) ;  they  are,  however,  highly 
characteristic  fossils  of  the  Caradoc  formation. 
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PAET  lll.—{Ahstract.) 

Lithologically  the  Irish  Silurians  laay  be  divided,  into  coarse  accu- 

mulations  ("red  arenaceous"  type)  and^we  accumulations  ("  green  and 
grey  argillaceous"  type),  generally  containing  marine  fossils;  the 
former  being  the  rocks  commonly  called  "Lower  Old  Eed  Sandstone," 
and  by  Jukes,  "Dingle  or  Glengariff  Grits."  This  division,  how- 

ever, is  no  indication  of  relative  age ;  for  although  the  rocks  of  the 
first  type  are  more  often  above  the  others,  this  is  not  always  the  case. 
On  account  of  the  Silurian  strata  having  been  deposited  in  separate 
basins,  the  littoral  rocks,  usually  coarse,  must  be  on  different  horizons, 
as  shown  in  the  plate  of  vertical  sections  (Plate  XYII.). 

The  age  of  the  British  rocks  called  "  Lower  Old  Red  Sandstone" 
has  lately  been  prominently  brought  forward  by  Dr.  Archibald  Greikie, 

in  his  Paper  "  On  the  Old  Eed  Sandstone  of  Western  Europe;"^  and 
as  his  conclusions  intimately  concern  the  Irish  rocks,  they  are  now 
mentioned. 

Geikie  considers  the  "  Lower  Old  Eed  Sandstone"  of  Great  Britain 
to  be  a  part  of  the  same  sequence  as  the  typical  Silurians,  and  he  sug- 

gests five  "  Basins  of  Deposition": — 

1 .  Lake  Orcadia  Basin. 
2.  Lake  Caledonia,  or  the  Middle  Scottish  Basin. 
3.  Lake  Cheviot  Basin. 
4.  The  Welsh  Lake  Basin. 
5.  Lake  of  Lome  Basin. 

If  these  are  extended  into  Ireland,  the  second  might  be  called  the 
Ulster  and  Connaught  Basin,  and  the  fourth  the  South  Ifimster  Basin. 

The  last  extends  westward  into  "Waterford,  Cork,  and  Kerry  ;  it  is thus  briefly  mentioned  on  account  of  its  having  to  be  referred  to  again 
in  the  present  inquiry. 

The  western  extension  of  the  Caledonian  Basin  is  first  met  with  in 
Ireland,  near  Cushendun,  on  the  east  coast  of  Antrim,  in  a  small  tract 
of  conglomerate,  apparently  a  portion  of  the  shore  beds ;  but  westward 
and  southward  the  associated  rocks  are  covered  up  by  Mesozoic  and 
Cainozoic  rocks  ;  in  addition  to  which,  at  Lough  Neagh  they  must  be 

shifted  or  "  heaved"  southward  by  the  1^.  and  S.  faults  of  that  valley. 
In  south-east  Londonderry,  in  the  neighbourhood  of  Draperstown 

and  lloneymore,  there  are  red  arenaceous  rocks  of  uncertain  age, 

■which  probably  may  hereafter  be  found  to  be  outlying  portions  of  this 
basin ;  but  further  southward,  in  Tyrone  and  Fermanagh,  the  large 

tract  {Fintona  district)  of  "Lower  Old  Eed  Sandstone,"  appearing 
from  under  the  Carboniferous  rocks  S.E.  of  Pomeroy  and  ext  nding 

"westward  to  the  Carboniferous  rocks  of  the  Erne  Yalley,  seer  ̂   un- 

1  Trans,  Moy.  Soc.  Edin,,  vol.  xxviii. 
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questionably  to  belong  to  it.  These  rocks,  as  previously  mentioned, 
lie  nnconformably  on  the  Arenig  rocks  to  the  north,  and  on  the  Cambro- 
Silurians  at  Pomeroy  and  Lisbellaw.  To  the  eastward,  near  Pomeroy, 
and  to  the  westward,  in  the  Topped  Mountain  district,  these  rocks  are 
usually  of  a  red  colour  and  very  arenaceous  ;  but  S.E.  of  Six-mile-Cross, 
where  they  appear  to  be  best  developed,  there  are,  below,  red  arenaceous 
rocks  with  subordinate  limestones  and  shales  ;  above,  there  are  green 
sandstone  and  shales,  with  a  few  limestones ;  while  higher  up  there 
seem  to  be  red  arenaceous  rocks.  This,  as  will  hereafter  appear,  is 
very  similar  to  the  section  in  the  Ballaghaderreen  district,  Co.  Mayo. 

Further  westward  the  rocks  of  this  basin  were  again  shifted  or 

"heaved"  southward  by  the  faults  of  the  Upper  Lough  Erne  and 
parallel  valleys,  they  appearing  from  under  the  Carboniferous  S.E.  of 
Lough  Allen,  near  Drumshambo  (Co.  Leitrim).  They  are  cut  off  on 
the  westward  by  a  down-throw  to  the  west ;  but  they  shortly  again 
appear  east  of  Lough  Key  and  in  the  Curlew  Mountain  district,  the 
rise  of  ground  from  Lough  Key,  past  Lough  Gara,  to  the  country  N-W. 

of  Ballaghaderreen  (Counties  Roscommon,  Sligo,  and  JS'.E.  Mayo). In  the  Curlew  Mountains  the  base  of  these  rocks  is  not  exposed ;  but 
to  the  westward,  between  Ballaghaderreen,  it  is  so,  they  resting  un- 
conformably  on  metamorphic  rocks,  either  of  Cambro- Silurian  or 

Cambrian  age,  as  mentioned  in  the  Paper  "  On  some  supposed  Cam- 
brian Pocks  in  the  Co.  Tyrone  and  N.E.  Mayo." 

The  mass  of  the  rocks  of  the  Curlew  Mountain  district  belongs  to 

the  red  arenaceous  or  "Lower  Old  Red  Sandstone"  type,  except  per- 

haps in  the  low  country  IS".  "W".  of  Ballaghaderreen,  where  below  and 
above  they  are  of  this  type,  but  between  they  are  of  the  "argillaceous" 
type,  as  more  fully  mentioned  hereafter.  All  these  rocks  are  evi- 

dently detached  portions  of  the  basin,  other  portions  of  which  are 
found  further  south-westward,  in  the  neighbourhood  of  Clew  Bay,  as 
in  the  Croagh  Moyle,  Mulrany,  Clare  Island,  and  Louisburgh  districts. 
The  rocks  in  these  places,  for  the  most  part,  are  of  the  red  arenaceous 
type ;  although  in  Clare  Island  and  near  Louisburgh  there  are  greater 
or  less  thicknesses  of  red  argillaceous  rocks.  All  these  rocks  from 
Ballaghaderreen  westward  lie  unconformably  on  metamorphic  rocks, 
which  are  either  Cambro- Silurian,  or  passage  rocks  into  the  Cambrian 

("Arenig  group,"  Upper  Cambrian). 
Immediately  south  and  south-east  of  Louisburgh,  at  Creggaunbaun, 

and  thereabouts,  the  Silurian  rocks  are,  for  the  most  part,  metamor- 

phosed, those  that  are  unaltered  belonging  to  the  "argillaceous"  type. 
This  is  remarkable,  because  to  the  south  thereof,  in  the  Mweelrea  dis- 

trict, the  rocks  are  principally  of  the  red  arenaceous  type.  The 
Mweelrea  district  is  a  portion  of  the  large  Silurian  area  that  extends 
from  Loughs  Mask  and  Corrib,  on  the  east,  to  the  Atlantic,  on  the 
west,  in  which  the  rocks  of  both  types  are  intermingled.  This  area 
occupies  portions  of  S.W.  Mayo  and  N.W.  Galway. 

In  the  counties  of  Cork  and  Kerry  are  the  rocks  belonging  to  the 

western  extension  of  Gleikie's  "  Welsh  lake  basin."     Their  base  is  said 
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not  to  be  exposed  in  the  counties  of  Cork  or  Kerry  ̂ ;  but  in  tlie  Com- 
meragb  Mountains,  Co.  Waterford,  there  are  conglomerates  and  other 
rocks  which  the  late  Mr.  John  Kelly  believed  to  be  of  similar  age  to 
those  of  Toormakeady ;  and  if  this  classification  is  correct,  they  must 
be  of  Silurian  age.  To  us  it  seems  highly  probable  that  they  are  the 
littoral  accumulations  of  the  Cork  rocks.  These  Commeragh  rocks  rest 
unconformably  on  Cambro-Silurians. 

After  this  sketch  of  the  Irish  Silurians,  including  under  that  name 

the  rocks  called  "Lower  Old  Eed  Sandstone,"  there  are  more  de- 
tailed illustrations  of  the  rocks  of  the  Fintona,  the  Curlew  Mountain, 

and  the  other,  districts. 

In  the  Fintona  district  the  general  section  in  a  S.S."W.  line,  from 
the  rocks  of  the  "  Pomeroy  series  "  to  the  flanks  of  the  Altmore  hills, 
gives  rocks  in  the  following  order : — 

AgJiafad  and  Lurgylea  Section. 

4.  Flaggy  eurite. 
3.  Space  without  any  rock  exposure. 
2.  Purplish  sandstones,  flags,  and  sandy  shales. 
1 .  Greenish  and  purplish  sandstones,  flags,  and  sandy  shales. 

The  eurites  (I^o.  4)  resemble  compact  basic  purple  felstones,  but 
they  are  in  general  full  of  divisional  planes  like  stratification,  which 
are  rarely  two  feet  apart,  and  usually  less  than  one  foot,  while  in 
places  they  are  so  close  together  as  to  give  the  rock  the  aspect  of  a 
shale  ;  but  in  the  quarry  lately  opened  at  the  Dungannon  Water- 

works, in  the  Altmore  river  valley,  there  is  a  massive  eurite,  which 
seems  to  be  at  or  near  one  of  the  centres  of  eruption. 

In  the  Aghafad  and  Lurgylea  section  the  rocks  east  of,  or  below, 
the  eurite  (No.  4)  cannot  be  seen  ;  this  space  (No.  3)  is  probably  occu- 

pied by  rocks  let  down  by  faults  and  having  a  reversed  dip,  because  a 
mile  and  a  half  to  the  E.S.E.,  in  Grlenbeg,  eurites  and  tuffs  occur  dip- 

ping to  the  jST.E.  and  E.S.E.,  apparently  in  the  foUowiag  order: — 

Glenheff  Section  (PI.  XYI.,  fig.  3). 

6.  TeUowtuff. 

5.  Green,  purple,  and  prismoid  eurite  (only  the  weathered  outcrop 
seen). 

4.  Yellow  steatitic  tuff. 

3.  Green  and  purple  tuff. 
2.  Elaggy  eurite. 
1.  Sandstone. 

^  Mr.  M 'Henry  appears  to  be  of  the  opinion  that  some  of  the  rocks  in  the 
Co.  Kerry  classed  as  Silurian  ought  more  properly  to  be  classed  as  Cambro- 

Silui'ian,  they  being  the  equivalents  of  the  rocks  of  the  "Pomeroy  series." 
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These  rocks  dip  away  from  Altmore  ;  but  the  eurite  (No.  2)  is 
probably  the  representation  of  the  lower  eiirite  in  the  Altmore  hills, 
as  the  section  is  somewhat  similar  to  that  to  the  westward,  as  seen  at 

Shane  Barnagh's  Sentry-box  (PL  XYI.,  fig.  4). 

Shane  BarnagKs  Sentry-hox  Section. 

6.  Very  shaly,  purplish  to  greenish,  tuffs  and  tuffose  rocks. 
5.  Shaly,  purple  eurite. 
4.  Grreen  tuff ;  only  the  weathered  outcrop  visible. 
3.  Bedded  eurite  ;  beds  rarely  a  foot  thick. 
2.  Conglomerate  ;  only  the  weathered  outcrop  seen. 
1.  Slaty  eurite  or  tuff. 

To  the  S.E.,  near  the  Back-bridge,  good  flags  are  raised  in  a  por- 
tion of  No.  3,  while  to  the  south  thereof,  nearer  the  bridge,  the  rocks 

belonging  to  No.  5  are  so  very  shaly  that,  if  found  elsewhere,  they 
would  probably  be  classed  as  ordinary  shales. 

The  best  and  most  continuous  sections  are  in  the  country  south- 
ward of  Six-mile-Cross.  They,  however,  are  unsatisfactory,  on  ac- 
count of  the  numerous  faults.  The  rocks  seem  to  lie  in  the  following 

order : — 

Section  S.E.  of  Six-mile-  Cross. 

6.  Conglomerates  and  other  arenaceous  rocks. 
5.  Green  sandstones  and  shales,  with  limestones  and  calcareous 

beds. 

4.  Red  arenaceous  rocks,  with  a  few  green  beds  and  subordinate 
limestones. 

3.  Fault  op  the  Glashagh  (now  Dungannon  and  Omagh  Eailway valley). 

2.  Thick  eurite  under  a  limestone  (Aghnagiea). 
1.   Shales  and  limestone  near  the  Camowen,  probably  belonging 

to  the  "Pomeroy  series." 

The  shales  and  impure  limestones  (No.  1)  probably  belong  to  an 

outlying  exposure  of  the  "  Pomeroy  series,"  as  previously  suggested. 
The  limestone  in  No.  2  was  formerly  extensively  quarried,  but  the 

quarries  are  now  planted  by  Lord  Belmore.^  The  limestone  and  asso- 
ciated beds  (No.  5)  in  Tandragee  are  very  similar  to  those  in  the 

country  N.W.  of  Ballaghaderreen,  hereafter  described,  but  in  the  Tan- 
dragee beds  fossils  have  not  been  found  as  yet. 

In  the  country  southward  of  Six-mile-Cross,  and  in  the  neighbour- 

^  It  is  probable  that  it  was  from  this  locality  that  the  fossils  were  sent  to 
Griffith  of  which  he  said,  ' '  I  got  fossils  from  that  country  in  rock  very  like  the 
Toormakeady  limestone,  but  never  had  time  to  visit  the  place  myself."  See  Note 
in  Press,  page  600. 
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hood  of  the  Ballygawley  eurite,  there  is,  apparently,  a  vast  thickness 
of  conglomerates.  It  is  probable,  however,  that  the  thickness  of  these 
is  no  more  than  apparent,  and  that  here,  as  in  the  similar  conglome- 

rates of  Toormakeady,  Co.  Mayo,  the  conspicuous  structural  lines  are 
only  lines  of  oblique  lamination. 

The  interbedded  eurites,  like  those  in  S.  W.  Mayo  and  N.  "W. Galway,  have  their  granitic  roots  in  the  older  rocks.  Thus  four  miles 
N.  E.  of  Six-mile-Cross,  at  the  Granagh  stream,  are  rocks  in  part 
granite  and  in  part  elvan,  while  south  of  them  is  the  eurite  mentioned 
in  the  last  section  (No.  2),  which  seems  to  be  on  a  lower  geological 
horizon  than  the  eurites,  &c.,  of  Altmore.  Other  roots  occur  in  the 

metamorphic  area  north  and  north-west  of  Six-mile-Cross,  and  else- 
where. At  the  mearing  of  the  counties  of  Tyrone  and  Fermanagh  a 

mass  of  shaly  eurite  was  observed  and  boulders  of  limestone ;  but 
time  did  not  allow  of  that  county  being  fully  examined.  Mela- 
phyres,  similar  to  those  that  occur  in  the  Mayo  and  Galway  Silurians, 
are  found  among  the  rocks  of  the  Fintona  district. 

To  the  S.W.  of  this  area  special  attention  was  directed  to  the  con- 
glomerate of  Lisbellaw,  which  at  that  village  occurs  in  mass  on  the 

Cambro-Silurians.  Half  a  mile  to  the  W.N.W.,  however,  in  the  rail- 
way cutting,  red  sandstones  are  found  close  to  the  Cambro-Silurians, 

while  in  the  stream  at  the  N.E.  end  of  Lough  Eyes,  two  miles  from 
Lisbellaw,  the  basal  rocks  are  thin  conglomerates,  sandstones,  and 
shales.  Of  the  interesting  blocks  in  the  conglomerate,  Mr.  Thomas 

Plunkett,  M.R.I.A.,  states  that  he  "  can  find  no  rocks  in  JS'.W.  Ireland 
like  them,  the  nearest  approach  being  some  of  the  rocks  of  West  Done- 

gal." It  seems  probable  that  as  these  inliers  are  granulite,  hornstone, 
quartzite,  and  other  paroptetic  rocks,  similar  to  the  "  baked  rocks"  of 
Cambro-Silurian  age  in  other  places  in  Ireland,  that  they  may  be  de- 

rived from  a  now  concealed  mass  of  baked  Cambro-Silurians,  while 
the  associated  inliers  of  green  shale  may  be  the  debris  of  the  unal- 

tered rocks.  A  characteristic  of  the  red  arenaceous  rocks  of  the 

Topped  Mountain  district,  to  the  northward  of  Lisbellaw,  is  the  pre- 
sence of  innumerable  inlying  pieces  of  red,  purple,  and  sometimes 

green  shale.  If  we  may  judge  from  what  goes  on  at  the  present  day, 
these  inliers  were  small  pieces  of  clay  rolled  over  the  sand  by  the 
wind,  and  afterwards  flattened  out ;  but  where  the  source  of  supply 
was  situated  it  is  hard  to  conjecture. 

Of  the  "Lower  Old  Red  Sandstone"  of  the  Curlew  Mountain  district 
the  most  eastward  exposure  is  to  the  S.  E.  of  Drumshambo,  on  the 
eastern  side  of  the  Shannon.  Both  types  occur  here ;  those  of  the 

"green"  series  underlying  a  small  thickness  of  the  red;  no  fossils 
have  been  found  as  yet,  although  one  bed  at  least  looks  likely  to  yield 
some,  if  sufficiently  searched.  It  is  possible,  if  not  probable,  that 
these  rocks  are  on  a  much  lower  geological  horizon  than  those  to  the 

west  of  the  Shannon,  east  and  west  of  Lough  Key.  The  rocks  west- 
ward of  Lough  Gara  seem  to  be  the  oldest  in  the  Curlew  Mountain 

district,  the  basal  beds  cropping  out  in  the  country  between  Charles- 
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town  and  Ballaghaderreen.  The  rocks,  to  a  certain  extent,  belong  to 
both  types,  as  in  the  Fintona  district,  to  the  south-eastward  of  Six- 
mile- Cross  ;  but  at  the  same  time,  except  that  in  a  few  green  and  cal- 

careous beds,  fossils  of  typical  Silurian  (marine)  species  have  been 

found,  all  would  have  been  included  in  the  ''  Lower  Old  Eed  Sand- 
stone."   These  rocks  give  the  following  sequence  : — 

Cashelduff  and  Ballaghaderreen  Section. 

5.  Eurites,  tuffs,  and  limestones,  over   200  feet. 

4.  Purplish,  red  and  greenish  conglomeritic  sand- 
stones and  sandy  shales,  about   5000  feet. 

3.  Green  conglomeritic  sandstones  and  shales,  with 
a  few  thin  impure  limestones,  and  some  subor- 

dinate red  shales,  about  .   4000  feet. 
2.  Red  and  purplish  conglomerates,  sandstone,  and 

sandy  shales,  about       ,     1500  feet. 

10,700  feet. 
Unconformahility. 

1.  Metamorphosed  Cambro-Silurians  or  Cambrians. 

The  rocks  in  group  2  are  exposed  in  a  continuous  section  in  the 
stream  between  Cashelduff  and  Cranmore,  there  being  an  uncon- 

formahility between  them  and  the  underlying  metamorphic  rocks ; 
they  may  possibly  be  a  little  thicker  than  represented,  as  a  fault, 
with  a  downthrow  to  the  southward,  crosses  the  section,  and  may 
conceal  some  of  the  beds.  The  rocks  in  group  3  are  not  as  well  ex- 

posed, while  the  thicknesses  of  groups  4  and  5  had  to  be  estimated. 
A  little  above  the  base  of  group  3,  in  the  Cashelduff  stream,  are  two 

fossiliferous  bastard  limestones  ;  the  fossils  being  principally  of  "Upper 
Llandovery  types,  although  a  few  are  of  Caradoc-Bala  species  (see 

Mr.  Baily's  list).  To  the  west  is  Griffith's  fossil  locality,  in  the 
boundary  of  Glenmullynamaher  and  Uggool,  where  the  fossils  are 

principally  of  "Wenlock  types,  although  in  beds  below  and  above 
(Cloonnamna)  this  bastard  limestone,  they  are  of  Upper  Llandovery 
species ;  showing  here  also,  as  elsewhere  in  Ireland,  the  mixing  to- 

gether of  species  which  in  Wales  are  characterisic  of  distinct  groups 
of  rock. 

The  rocks  in  groups  2  and  4  are  so  nearly  allied  that  they  would 
not  have  been  separated  but  for  the  intervening  fossiliferous  strata, 
furthermore,  the  intervening  rocks  (group  3)  are  not  so  very  unlike 

"Lower  Old  Eed  Sandstone,"  except  as  to  colour,  and  the  few  calca- 
reous and  shale  inliers ;  they  being  principally  pebbly  sandstones, 

with  the  inlying  patches  of  shales  so  characteristic  of  the  rocks  of  the 
Topped  Mountain,  Co.  Fermanagh ;  they  ought  not,  therefore,  to  be 
considered  a  separate  gioup,  but  only  a  subordinate  portion  of  a  group. 
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A  very  similar  change  of  colour  takes  place  in  the  section  of  the  Silu- 
rian rocks  of  Dingle,  Co.  Kerry  (see  PI.  XYI).  The  rocks  of  group  4 

are  best  exposed  in  the  neighbourhood  of  Lough  Grara  :  but  no  satis- 
factory section  of  group  5  can  be  seen,  although  enough  is  exposed  to 

suggest  that  they  lie  in  the  trough  of  a  shallow  synclinal  curve,  and 
that  they  are  of  greater  thicknesses  in  some  places :  they  seem  to 
be  associated  with  subordinate  beds  of  impure  limestone,  because, 
although  the  latter  rock  was  not  found  in  situ  except  at  Lough  Key, 
yet  elsewhere  fragments  occur  associated  with  the  eurites. 

From  the  sections,  it  maybe  suggested  that  the  rocks  of  the  "Red 
arenaceous"  type  were  either  littoral  accumulations,  or  depositions  in 
shallow  water ;  while  the  green  beds  seem  to  have  been  laid  down  in 
deeper  water,  which  afterwards  became  shallow.  In  two  places,  viz., 
at  Doon,  on  the  west  of  Lough  Key,  and  at  Moy  Gara,  to  the  IST.  W.  of 
Lough  Grara,  tracks,  perhaps  crustacean,  very  similar  to  those  found 
at  the  Valencia  Lighthouse,  Co.  Kerry,  were  observed. 

In  the  Curlew  Mountain  district,  as  well  as  in  the  Fintona  dis- 
trict, there  are  remarkable  peculiarities  in  the  feldspathic  rocks.  As 

mentioned  already,  those  of  Fintona  have  a  thin-bedded  structure, 
which  looks  like  the  stratification  of  sedimentary  rocks  or  tuff, 
although  they  appear  to  be  eruptive ;  here,  however,  their  tuff  nature 
is  undeniable.  To  this  subject  attention  has  already  been  directed  by 
Jukes  and  Foot  {Journ.  Roy.  Geol.  Soc,  Ireland,  vol.  i.,  p.  247) ;  but 
those  observers  appeared  to  be  of  the  opinion  that  some  of  these  rocks 
in  the  country  between  Loughs  Grara  and  Key  might  be  classed  as 
normal  eruptive  rocks.  In  this  Report  it  is  pointed  out  that,  to  the 
westward,  between  Charlestown  and  Ballaghaderreen,  there  are  roots 
of  the  eurites,  elvans,  and  porphyries,  occurring  in  the  metamorphic 
rocks,  while  in  the  Lower  Old  Red  Sandstone  westward  and  northward 
of  Ballaghaderreen  there  are  bedded  eurites  and  tuffs ;  but  eastward 
in  the  Curlew  Mountains  the  fragmentary  and  bedded  characters  are 
very  decided,  the  euritoid  rocks  being  breccias,  grits,  sandstones,  and 
finely-laminated  shales,  all  apparently  having  been  re-arranged  and 
deposited  in  water.  From  this  it  is  suggested  that  the  vent  of  erup- 

tion was  to  the  westward;  a  characteristic  of  the  vulcanicity  being 

'  great  discharges  of  tuff,  or  such-like  mechanical  products,  which  were 
subsecjuently  re-arranged  and  deposited  by  water  over  a  l^rge  area. 
This  eruption  must  have  been  considerable,  and  for  some  time  continu- 

ous, as  otherwise  the  arenaceous  rocks  would  have  been  interstratified 
with  the  tuffs,  which  does  not  seem  to  be  the  case.  The  isolated 
masses  of  these  tuffose  rocks  on  the  Curlew  Mountains  are  portions  of 
the  massive  beds,  separated  and  detached  by  breaks  and  denudation. 
The  suggestion  now  offered  to  account  for  the  phenomena  just 
described  accords  with  that  proposed  by  Messrs.  Du  Noyer  and  Foot, 
in  explanation  of  the  similar  phenomena  to  be  observed  in  the  rocks 
at  Glenflesk,  Co.  Kerry. 

At  Doon,  on  the  west  of  Lough  Key,  melaphyres  similar  to  those 
of  ISr.  W.  Galway  occur  associated  with  the  euritoid  rocks. 
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In  continuation  of  the  accoimt  of  tlie  "  Lower  Old  Eed  Sandstone" 

basin  on  the  -westward,  short  descriptions  of  the  Silurians  of  S.  "W. 
ilayo,  jST.^.  Gralway,  and  Keriy,  appeared  in  the  original  Eeport.  In 

the  Croagh  Moyle  district,  the  "Lower  Old  Eed  Sandstone"  consists 
principally  of  conglomerates,  which  lie  unconformably  on  Canibro- 
Silurians  or  Cambrians  {Arenig  rochs).  In  places,  under  the  con- 

glomerates, are  red  sandy  shales  and  sandstones ;  while  very  similar 

rocks  occur  in  the  country  to  the  jS^.  W.  jS'o  eruptive  rochs  occur  in them ;  but  in  places  at  their  margin  are  limestones  in  the  ujiderlying 
rocks,^  which  are  somewhat  similar  to  the  limestones,  the  associates 
of  the  eurites  in  the  Fintona  district,  to  the  X.  E.,  and  in  the  Toor- 
makeady  district,  a  little  to  the  southward. 

Adjoining  Clew  Bay,  near  ]y!ulrany,  in  Clare  Island,  and  near 
Louisburgh,  the  rocks  are  somewhat  similar  to  those  of  Croagh  ]\Ioyle, 
except  that  red  argillaceous  rocks  are  more  or  less  developed.  In  the 
north  portion  of  the  Louisburgh  district  these  argillaceous  rocks  occur 
in  mass ;  while  in  the  south  portion  they  are  rnterstratified  with  the 
arenaceous.  The  Louisburgh  beds  constitute  perhaps  the  latest  divi- 

sion of  the  "Lower  Old  Eed  Sandstone"  in  Mayo,  as  they  lie  against 
metamorphic  rocks  (having  been  brought  into  that  position  apparently 
by  a  fault),  an  unaltered  portion  of  which,  at  Creggaunbaun,  contains 
fossils  principally  of  Wenlock  tjrpes.  The  relative  positions  of  the 
rocks  of  Louisburgh,  those  of  Creggaunbaun,  and  those  further  south 

in  Mweelr'ea,  are  shown  in  the  horizontal  section,  Plate  XYL,  fig.  5. 
In  the  countiy  to  the  south  of  the  Croagh  Moyle  and  Creggaun- 

baun rocks,  and  separated  from  these  by  Cambro- Silurian  rocks,  is  the 
long  narrow  tract,  extending  fi'om  Lough  Mask  by  the  north  of  Kil- 
laiy  Bay  to  the  Atlantic,  including  the  Toormaheady,  Formnamore,  and 
Mweelrea  districts.  Here,  on  the  eastward  (Toormakeady),  there  are 

massive  conglomerates  of  the  "Lower  Old  Eed  Sandstone "  type, 
under  which  are  fossiliferous  limestones  and  shales.  The  conglome- 

rates to  the  west  of  these  in  Formnamore  merge  into  thin-bedded 
purple  and  green  grits  and  shales ;  while  still  further  westward,  in 
Mweelrea,  the  rocks  of  the  two  types  are  more  or  less  intermingled. 
That  these  dilierent  rocks  are  on  one  geological  horizon  seems  proved, 
as  below  them  are  the  continuous  interbedded  eurites  and  tuifs,  which 
to  the  eastward  are  associated  with  the  fossiliferous  Toormakeady 
limestones  and  tuffs.  The  fossils  of  the  latter  are  principally  of 
Caradoc-Bala  types,  and  similar  fossils  occur  in  green  shales  above  the 
eurites  to  the  westwai'd  in  the  Mweelrea  district.  This  narrow  area 

is  remarkable  ;  as  there  are  not  only  rocks  of  the  "  Lower  Old  Eed 
Sandstone"  type  and  those  of  the  "grey  and  green"  series  on  the 
same  geological  horizon,  but  the  fossUs  therein  are  principally  those 

characteristic  of  the  "Welsh  Caradoc-Bala  rocks  (Cambro- Silurian). 

^  Symes  has  stated  that  these  calcareous  rocks  may  be  of  Carboniferous  age, 
being  due  to  infiltoration. 
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This  tract  is  bounded  on  the  southward  by  a  fault  with  a  down- 
throw to  the  south ;  south  of  which,  is  a  second  long  narrow  tract, 

extending  from  Loughs  Mask  and  Corrib  to  the  Atlantic,  on  the  south, 
of  Killary  Bay.  In  this  area  the  rocks  are,  for  the  most  part,  of  the 

"grey and  green  type";  but  in  places,  as  subordinate  groups,  some- 
times coming  in  quite  suddenly,  and  usually  below,  are  rocks  of  the 

'■  Lower  Old  Eed  Sandstone"  type ;  but  the  most  conspicuous  are  the 
"  Salrock  slates,"  above,  and  probably  at  or  near  the  same  geological 
horizon  as  the  "  Louisburgh  beds."  A  peculiarity  connected  with 
the  "Salrock  slates"  is  that,  although  the  latest  Silurian  group  in 
the  county  of  Galway,  the  characteristic  fossil  is  pronounced  by 
Davidson  to  be  of  an  English  Upper  Llandovery  type.  To  the  west 
of  this  tract,  above  the  eurites,  which  are  on  the  same  geological 
horizon  as  those  just  mentioned  as  occurring  at  the  base  of  the 
Mweelrea  and  Toormakeady  rocks,  there  is  a  zone  carrying  Caradoc- 
Bala  fossils ;  while  below  this  zone  the  fossils  are  of  species  charac- 

teristic of  the  Upper  Llandovery  and  Wenlock ;  while  to  the  eastward, 
on  this  lower  horizon,  in  the  neighbourhood  of  Loughs  Mask  and 
Corrib,  the  fossils  have  been  pronounced  by  Salter,  Harkness,  King 
and  Baily,  to  be  of  types  similar  to  the  English  Wenlock  and 
Ludlow. 

As  the  bedded  eurites  with  their  associated  tuffs  occur  both  north 

and  south  of  the  great  fault  that  separates  this  tract  from  that  to  the 
north,  it  wo  aid  appear  that,  although  the  rocks  in  the  two  areas  were 
being  accumulated  at  the  same  time,  yet  it  was  under  very  different 
circumstances,  as  to  the  depth  of  the  sea  and  the  animal  life  in  the 
different  portions  of  it.  The  changes  in  passing  from  north  to  south 
are  very  sudden,  while  those  from  west  to  east  are  more  gradual : 
this  is  even  more  striking  if  we  also  take  in  the  rocks  farther  north- 

ward. If  a  line  be  drawn  from  Croagh  Moyle  to  Lough  Corrib,  the 
rocks  at  the  northern  end  are  the  Croagh  Moyle  conglomerates,  next 
are  the  Toormakeady  conglomerates,  with  the  fossiliferous  limestones 
at  their  base  (Caradoc-Bala  fossils),  and  immediately  south  of  them 
are  rocks  containing  Wenlock  and  Ludlow  fossils.  Along  a  line  from 
Mulrany,  on  the  north  side  of  Clew  Bay,  to  the  south  side  of  the 
mouth  of  Killary  Bay,  the  rocks  exhibit  even  greater  peculiarities,  as 
shown  in  the  following  Table  : — 

Mulramj. — Arenaceous  rocks  principally. 
Louuhurgli  {north). — Red  argillaceous  shales. 
Louisburgh  {south). — Bed  argillaceous  and  arenaceous 

rocks  interstratified. 

Creggaunbaun. — Green  and  grey  fossiliferous  rocks — 
("Wenlock  type). 

Mweelrea. — Eed  arenaceous  and  green  argillaceous — 
the  latter  fossiliferous  (Caradoc- 
Bala  types). 
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Geeat  East  anb  "West  Fault. 

Salroch. — Eecl  slates  (Upper  Llandovery  fossils). 
Upper  Lough  Much  Beds. — LlandoYeiy  and  Wenlock  fossils). 
Loioer  Lough  Much  Beds. — (Caradoc-Bala  fossils). 

Gowlaun  Beds. — (Llandovery  and  "Wenlock  fossils). 

As  to  the  Dingle  promontory,  Co.  Kerry,  although  outside  the  pro- 
vince of  the  inquiry,  it  was  pointed  out  that  the  rocks  were  both  of 

the  "grey  and  green"  and  of  the  "  Lower  Old  Red  Sandstone"  types, 
and  that  in  the  Anascaid  beds  there  are  fossils  of  Caradoc-Bala  spe- 

cies.^ Of  the  other  groups,  the  Smerwich  heds,  which  are  strati- 
graphically  the  oldest  of  the  continuous  sequence,  are  of  ''  Lower  Old 
B,ed  Sandstone"  type,  and  unfossiliferous  ;  while  above  them  are  the 
grey  and  green  fossiliferous  Ferriter^s  Cove  series,  and,  higher  up,  the 
Croagh  Marhin  series,  which  are  a  combination  of  both  types ;  some 
beds  being  light-coloured  and  fossiliferous,  the  fossils  being  for  the 
most  part  of  Ludlow  species,  while  over  all  come  the  typical  reddish 
arenaceous  Dingle  beds. 

A  resume  in  the  original  Report  gave  the  relations  between  the 
different  areas  of  the  Silurian  and  underlying  rocks. 

An  Epitome  of  the  Results  or  the  Ijstquiet. 

Relations  hetioeen  the  Silurian  ("Lower  Old  Red  Sandstone")  and  the 
underlying  and  overlying  Strata. 

Pomeroy. — In  this  immediate  neighbourhood  the  rocks  of  the 

"Red  arenaceous"  type  seem  to  lie  unconformably  on  the  rocks  of 
the  "  Pomeroy  series "  (Cambro-Silurian),  which  they  seem  to  overlap; 
north-westward,  the  rocks  adjoining  them  are  metamorphosed  Cam- 

brians ;  and  southward  they  are  overlain  unconformably  by  Carbo- 
niferous sandstones. 

Six-mile- Cross. — To  the  I^.  E.  of  this  village,  about  a  mile  JN^.  W. of  Carrickmore,  the  Lower  Old  Red  Sandstone  lies  against  granite 
rocks  of  Silurian  age  ;  while  about  two  miles  S.  W.  of  Carrickmore, 
in  the  valley  of  the  Camowen  river,  there  appears  to  be  under  them 

an  outlying  mass  of  rocks  of  the  "  Pomeroy  series."  Some  of  these 
"Lower  Old  Red  Sandstones"  are  of  the  "  Red  arenaceous"  type,  in 
which  there  are  subordinate  limestones  and  greater  or  less  thick- 

^  Jukes  and  Du  Noyer  have  classed  these  beds  as  Silurians :  but  after  more 
recent  research  we  are  informed  by  Mr.  M'^Henry  that  he  suspects  that  they 
ought  to  be  classed  as  Cambro- Silurians ;  this  was  also  Griffith's  classification, 
but  solely  on  fossil  evidence. 
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nesses  of  the  rocks  of  the  ''  grey  and  green"  type.  Some  of  the  lime- 
stones are  probably  fossiliferous.  In  the  country  N.  W.  of  Six-mile- 

Cross  the  Silurians  appear  to  lie  directly  on  the  metamorphosed 
Cambrians. 

Lishellaio. — Here  rocks  of  the  ''Red  arenaceous"  type  lie  uncon- 
formably  on  Cambro- Silurians,  while  they  are  overlain  unconformably 
by  Carboniferous  rocks. 

Brumshamho. — The  Silurian  rocks  near  this  place  are  of  both  the 

"  Red  arenaceous"  and  the  "  grey  and  green  "  types.  They  probably 
lie,  as  at  Lisbellaw,  on  Cambro-Silurian,  but  their  base  is  not  exposed. 
They  are  overlain  unconformably  by  Carboniferous  rocks. 

Curlew  Moimtams. — The  rocks  here  appear  to  be  some  of  the 
latest  Silurians  in  IST.  E.  Connaught,  and  to  be  on  a  higher  geological 
horizon  than  the  rocks  of  Drumshambo  ;  also  than  those  to  the 

westward,  IS".  W.  of  Ballaghaderreen.  They  are  principally  of  the 
"  Eed  arenaceous"  type,  although  to  the  N.  W.  of  Lough  Key  the  top 
of  the  "grey  and  green"  rocks  is  seen.  They  are  overlain  uncon- 

formably by  the  Carboniferous  rocks. 
Ballaghaderreen. — To  the  westward,  and  north-westward  of  Bal- 

laghaderreen, rocks  of  the  "  Red  arenaceous"  type  lie  unconformably 
on  metamorphosed  rocks,  which  may  be  of  either  Cambrian  or  Cambro- 

Silurian  age.  In  the  rocks  of  the  "Red  arenaceous"  type  is  a  mass 
of  grey  and  green  rocks,  containing  fossils  of  Silurian  and  Caradoc- 

Bala  types.  The  rocks  of  the  "  grey  and  green"  type  evidently  con- 
stitute only  an  inlier  in  the  others,  similar  to  those  near  Six-mile- 

Cross  ;  except  that  in  the  last,  fossils  have  not  as  yet  been  found. 
The  Silurians  are  overlain  unconformably  by  Carboniferous  rocks. 

Croaghlfoyle. — Here  the  rocks  all  belong  to  the  "Red  arenaceous" 
type ;  being  principally  conglomerates,  although  in  one  place  at 
least  there  is  below  them  a  considerable  thickness  of  sandstone  and 

sandy  shales.  They  lie  unconformably  on  metamorphosed  Cambrians 
or  Cambro-Silurians,  while  they  are  overlain  unconformably  by  Carbo- 

niferous rocks. 

Mulrany. — Here  are  conglomerates,  sandstones,  and  shales  be- 

longing to  the  "Red  arenaceous"  type,  lying  unconformably  on 
metamorphosed  Cambro-Silurians,  and  overlain  unconformably  by 
Carboniferous  rocks. 

Clare  Island. — Although  the  rocks  here  belong  to  the  "  Red 
arenaceous  "  series,  there  is  in  them  a  considerable  thickness  of  red 
slates  or  shales.  They  lie  unconformably  on  metamorphosed  Cambro- 
Silurians. 

Louislurgh. — Here,  as  in  Clare  Island,  red  slates  and  shales  appear 
in  the  rocks  of  the  "  Red  arenaceous"  type,  especially  in  the  northern 
portion  of  the  area,  where  they  are  of  considerable  thickness ;  while 
in  the  southern  part  they  are  interstratified  with  sandstone  and  con- 
glomeritic  rocks.  The  rocks  of  part  of  this  area  lie  unconformably  on 
metamorphosed  Cambro-Silurians,  while  the  rest  are  brought  down  by 
a  fault  against  metamorphosed  Silurians. 
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Creggaunlaun. — In  the  greater  part  of  this  area  the  rocks  are 
metamorphosed.  Those  that  are  unaltered  are  of  the  "  grey  and 
green  "  type,  and  yield  fossils  of  Wenlock  and  Upper  Llandovery 
types.  They  lie  tinconformably  partly  on  metamorphosed  and  partly 
on  unaltered  Cambro- Silurians. 

Mweelrea  Mountains. — The  rocks  here  are  partly  of  the  "  Eed 
arenaceous"  type  and  partly  of  the  "  grey  and  green"  type :  the  two 
types  in  places  are  intermingled.  In  some  of  the  grey  and  green 
beds  there  are  fossils  principally  of  the  Caradoc-Bala  species.  They 
lie  unconformably  on  metamorphosed  and  unaltered  Cambro-Silu- 
rians. 

Formnamore  Mountains. — These  rocks,  although  on  the  same  geo- 
logical horizon  as  those  of  the  !Mweelrea  Mountains,  are,  for  the  most 

part,  of  the  "  grey  and  green"  type,  but  no  fossils  hare  been  found  in 
them.  They  lie  unconformably  on  metamorphosed  Cambro-Silurians, 
and  are  capped  by  Carboniferous  rocks. 

Toormaheady  Mountains. — Here  a  second  change  takes  place  ;  the 
rocks,  although  a  continuation  of  the  last,  being  nearly  altogether 
massive  red  conglomerates ;  but  at  their  base  are  limestones  and  tuffs, 

carrying  fossils  of  Caradoc-Bala  types.  They  lie  unconformably  on 
metamorphosed  and  unaltered  Cambro-Silurians ;  while,  like  the  rocks 
of  the  Formnamore  Mountains,  the  Carboniferous  rocks  lie  uncon- 

formably on  them. 
Tract  of  Country  letween  Cong,  Lough  Corril,  and  the  Culfin,  on 

the  Atlantic. — The  rocks  here  are  separated  from  those  of  Mweelrea, 

Formnamore,  and  Toormakeady,  by  a  great  nearly  E.  and  "W.  fault, with  a  downthrow  to  the  southwards.  They  are  nearly  altogether  of 

the  "  grey  and  green"  type,  but  with  them  are  associated  remarkable 
subordinate  sets  of  beds  of  the  "red  arenaceous"  type.  The  upper- 

most beds,  "  Salroek  slates,"  belong  to  the  latter,  and  have,  as  theii' 
characteristic  fossil,  one  of  an  Upper  Llandovery  type  ;  while  lower 

down  various  types  of  fossils  are  intermingled — one  zone  carrying 
fossils  of  Caradoc-Bala  species.  These  rocks  lie  unconformably  on 
metamorphosed  rocks  of  Cambro-Silurian  and  Cambrian  ages,  while 
they  are  covered  unconformably  by  the  Carboniferous  rocks. 

Dingle  Promontory . — The  rocks  (Anascaid  beds)  that  are  sup- 
posed to  be  the  oldest  in  this  district  contain  Cai'adoc-Bala  species. 

Jukes  and  Du  IS'oyer  classed  them  as  Silurians,  while  Griffith  and 
M'^Henry  would  put  them  among  the  Cambro-Silurians.  Of  the  rocks 
forming  a  continuous  sequence,  the  lowest  (Smerivick  beds)  and  the 

highest  {Dingle  beds)  are  of  the  "red  arenaceous"  type;  the  rocks  in 
the  intermediate  groups  are  of  mixed  types,  the  "  grey  and  green"  type 
predominating.  The  base  of  the  rocks  of  the  sequence  is  not  seen ; 
while  on  the  Dingle  beds  the  Carboniferous  rocks  lie  unconformably. 

Glengariff  Grits. — These  rocks  are  principally  of  the  "red  arena- 
ceous" type;  theii'  base  is  not  exposed;  while  on  them  the  Carboni- 

ferous rocks  rest  conformably  in  the  country  to  the  southward  (West 
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Cork),   and  unconformably  in  the  country  to  the  IST.  E.  (south-east 
Kerry  and  north-east  Cork), 

Commeraglis  ( Waterford). — In  these  mountains  are  conglomerates 
very  similar  to  those  of  Toormakeady  and  Croagh  Moyle,  which  were 
supposed  by  Kelly  to  be  of  similar  age.  They  are  possibly  the  littoral 

accumulations  of  the  Silurians  of  "West  Cork  (Griengariff  grits).  They 
rest  unconformably  on  the  unaltered  Cambro- Silurians,  while  they 
seem  to  be  covered  unconformably  by  rocks  of  Carboniferous  age. 

SrLTJUiAN-  Etieites. 

These  rocks  and  their  associates  are  characteristic  of  the  "Lower 

Old  Eed  Sandstone,"  not  only  of  Ireland,  but  also  of  Scotland.  The 
Irish  rocks  are  not  all  on  the  same  geological  horizon.  It  may  be 
possible  that  they  are  the  results  of  two  periods  of  active  vulcanicity, 
and,  for  the  present  classification,  it  may  be  supposed  such  was  the 
case,  and  that  they  belong  to  two  different  zones. 

Upper  JEtirite  Zone. 

Fintona  District. — Eurites,  tujffs,  and  calcareous  rocks,  at  Altmore 

and  JS'.E.  of  Fintona.  The  eurites  and  limestones  eastward  of  Six- 
mile-Cross  seem  to  be  older  than,  while  the  eurites  near  Ballygawley 
seem  to  be  of  the  same  age  as,  those  eastward  of  Six-mile-Cross. 

Curlew  Mountain  District. — Tuffs  and  calcareous  rocks  of  the 

country  between  Loughs  Key  and  Grara.  IS'ear  Ballaghaderreen,  eurites, tuffs,  and  limestone. 

Nortli-ioest  Galwmj. — The  bed  of  eurite  in  the  "  Salrock  slates" 
of  the  hills  south  of  Leenaun ;  limestones  at  Dernasliggaun  and  Eossroe ; 
and  the  newer  eurites  in  the  Kilbride  promontory  (Lough  Mask). 

West  Kerry. — Eurites  and  tuffs,  Yalencia  Harbour. 
East  Kerry. — Eurites  and  tuffs  of  Glenflesk,  Lough  Gitane,  and 

the  Horse's  Glen  (Mangerton). 

Lower  Eurite  Zone. 

Croagh  Moyle  District. — The  limestones  at  the  base  of  the  Silurians. 
Toormakeady  District. — Eurites,  tuffs,  and  limestones,  at  the  base 

of  the  conglomerates. 

Formnamore. — Eurites  at  the  base  of  the  group. 
Louyhnafooey . — Eurites  and  limestone  in  the  vicinity  of  Loughna- 

fooey ;  oldest  eurites  and  tuff  of  the  Kilbride  promontory  (Lough 
Mask) ;  eurites  of  Rinavore  (Maum  Valley). 

Mioeelrea  District, — Eurites  at  the  base  of  the  Silurians. 
Culfin. — Eurites  of  Benchoona  and  of  the  hills  to  the  eastward. 

Dingle  Promontory. — Eurites  and  tuffs  in  the  ''Eerriter's  Cove 
series." 
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NOTE  ADDED  IE  THE  PEESS. 

Prom  Glashagli,  the  valley  adjoining  Lord  Belmore's  quany,  Mr. 
Thomas  Plunkett,  M  E.I.A.,  has  sent  me  a  piece  of  a  fossiliferous 
boulder  of  a  greenish  argillaceons  rock.  This  rock  is  very  similar  to 

some  of  the  rocks  of  the  "Pomeroy  series,"  and  contains  fossils  com- 
mon therein ;  hut  it  is  also  similar  to  some  of  the  green  argillaceous 

rocks  of  Tanderagee.  In  these,  however,  no  fossils  have  been  found 
as  yet.  The  principal  fossil,  Leptcena  serica,  is  one  of  the  character- 

istic fossils  of  the  Toormakeady  Silurians,  and  therefore  it  may  possi- 

bly occur  in  the  Tanderagee  "  grey  and  green  beds."  The  boulder 
could  scarcely  have  come  from  the  Pomeroy  area,  as  the  driftage  from 
that  was  towards  the  south ;  but,  as  I  have  already  suggested,  there 
may  possibly  be  an  outlying  exposure  of  these  rocks  to  the  north  of 

this  place  ;  while  it  is  also  possible  that  the  "  Glashagh  fault"  may 
bring  up  the  rocks  of  the  "Pomeroy  series"  under  the  drift  of  the 
valley. 

EXPLAJS^ATION  OF  PLATES. 

Plate    XYI.,  Fig.  1. — Map  of  tlie  Pomeroy  area,  showing  the  prohable  extent 
of  the  rocks  of  the  "  Pomeroy  series  "  and  some  of  the 
eiiiptive  rocks  of  the  Altmore  district. 

,,  Fig.  2.— Aghafad  section,  showing  the  prohable  imconfonnahility 
between  the  rocks  of  the  "  Pomeroy  series  "  and  the 
"  Lower  Old  Red  Sandstone." 

,,  Fig.  3.- — Glenbeg  section,  showing  the  reversed  position  of  the 
eurites  and  tuffs. 

,,  Fig.  4. — Shane  Bamagh's  Sentry-box,  section  of  the  eurites,  tuffs, and  associated  rocks. 

,,  Fig.  5. — Sections  showing  the  relations  between  the  Silirrian  rocks 
of  Louisburgh,  Creggaunbaun,  Mweelrea,  Salrock,  and 
Lough  Muck. 

Plate  XVII. — Longitudinal  section  indicating  the  original  position  of  the  rocks 
in  the  Silurian  basin  between  Clare  Island,  Co.  Mayo, 
and  Cushendiin,  Co.  Antrim.     The  probable  outline  of 
the  floor  of  the  sea  is  indicated,   while  the  faults  that 
have  since  shifted  it  are  left  out. 

, ,  Sections  showing  the  relations  between  the  beds  in  the  Mweelrea 
and  Partry  Mountains  with  those  to  the  north  in  Croagh 
Moyle. 

,,  Three  series  of  vertical  sections  :  one  showing  the  sections  at  the 
pi'incipal  points  in  the  main    longitudinal   sections ; 
another  of  the  principal  sections  in  the  longitudinal 
section  from  Mweelrea  to  Croagh  Moyle  ;  and  the  third, 
the  sections    along  the  cross  sections  from  Culfin   to 
Louisbui'gh  (fig.  5,  Plate  XVI.) . 
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LXXI.   PEELIMIaSTAET  RePOET  0^-  THE  EmBETOLOGY  OP  THE  MaMMALTAN" 

MuscTJiAK  System.      By  B.  C.  A.  "Wendle,  B.A, 

[Eead,  June  27,  1881.] 

The  subject  of  the  development  of  the  muscular  system  is  one  which 
has  up  to  the  present  time  received  very  little  attention.  The  litera- 

ture on  the  subject  is  extremely  scanty,  consisting  only  of  a  few 
Papers  by  Georg  Euge,  of  Heidelberg,  and  Cunningham,  of  Edin- 
burgh. 

In  carrying  out  the  investigations,  for  which  I  received  last  year 
a  grant  from  the  Eoyal  Irish  Academy,  I  have  made  a  large  number 
of  microscopic  sections  of  the  manus  and  pedes  of  several  puppies 
(foetal)  of  the  tenth  day.  I  have  also  made  sections  of  the  manus  and 
pedes  of  human  embryoes  of  various  ages.  In  this  preliminary 
Eeport  I  purpose  giving  a  short  description  of  the  condition  observed 
in  the  manus  and  pes  of  the  foetal  puppy  of  ten  days. 

Pes. — Commencing  at  the  distal  extremity,  the  tendons  of  the 
flexor  brevis  digitorum  (perforatus)  are  seen  attached  to  the  three 
central  digits,  and  perforated  by  the  tendons  of  the  flexor  longus 
digitorum  (perforans).  The  bones  at  this  point  of  section  are  of  a 
somewhat  rounded  shape,  flattened  on  their  plantar  aspect. 

Approaching  nearer  to  the  proximal  extremity,  the  point  of 
section  passes  through  the  four  digits,  to  which  the  same  flexor 
tendons  are  attached ;  whilst  two  slips  of  tendon  from  the  extensor 
longus  digitorum  or  brevis  are  to  be  observed  on  the  dorsum  of  each 
of  the  three  outer  toes. 

A  section  through  the  centre  of  the  metacarpal  bones  presents  the 
following  points  for  observation  : — 

Bones. — There  is  much  less  space  between  the  three  middle  meta- 
carpal than  between  these  and  the  first  and  fifth.  The  latter  two 

also  are  of  a  much  more  regularly  circrdar  shape  than  the  others. 
Tendons. — On  the  dorsal  aspect  slips  connecting  the  extensor 

tendons  with  the  bones. 

On  the  plantar  aspect  the  tendons  of  the  flexor  longus  digitorum. 
Muscles. — The  interossei  are  all  on  the  plantar  aspect  of  the  foot, 

and  are  of  the  normal  number  and  distribution.  The  fibres  of  the 

flexor  brevis  digitorum  are  visible,  cut  transversely.  The  flexor 
brevis  h"llucis  and  flexor  brevis  minimi  digiti  are  also  to  be  seen. 

A  section  through  the  proximal  extremities  of  the  metacarpals 
shows — 

Bones. — The  three  middle  metatarsals  are  very  close  to  one 
another.  The  first  and  fifth  are  closer  to  the  remaining  ones  than  in 
the  previous  section.  The  shape  of  the  first  and  fifth,  instead  of 

being  round,  is  now  spade-like,  or,  more  strictly  speaking,  like  the  ace 
of  spades  in  shape.     Cartilages,  subsequently  to  ossify  into  sesamoid 
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bones  in   the  tendons  of  the  flexors,  are  observable  on  the  plantar 
aspect  of  these  two  metacarpals. 

Tendons. — Those  of  the  long  flexors  are  to  be  seen. 
Muscles. — Interossei  occupying  the  same  positions  as  in  the  previous 

section.  Pour  lumbricales  are  also  present,  situated  near  the  tendons 
of  the  flexor  longus  digitorum. 

Mantis. — Sections  passing  through  the  distal  extremity  of  the 
manus  present  a  very  close  resemblance  to  those  taken  from  the  pes. 
The  tendons  of  the  perforating  and  perforated  muscles  lie  in  the  same 
position  in  both. 

A  section  taken  through  the  first  phalangeal  joint  shows  the 
cartilages,  which,  by  subsequent  ossification,  become  sesamoid  bones 
in  the  flexor  tendons. 

The  most  instructive  section  of  the  manus  is  one  taken  through 
the  centre  of  the  metacarpus.  Such  a  section  presents  the  following 

objects  for  observation  : — 
Bones. — There  is  no  space  left  between  the  third  and  fourth 

metacarpals,  but  a  small  one  between  the  second  and  third  and  first 
and  second,  and  for  the  most  between  the  fourth  and  fifth.  The 
three  central  metacarpals  are  of  a  somewhat  oval  shape.  The  fifth  is 

more  nearly  circular,  while  the  first  is  of  this  shape  (") . 
Tendons. — The  slips  attaching  the  extensor  tendons  to  the  bones 

are  visible,  as  are  also  the  tendons  of  the  perforating  and  perforated 
flexors. 

Muscles. — The  following  are  observable  : — Flexor  brevis  pollicis, 
flexor  brevis  minimi  digiti.  Three  lumbricales.  The  normal  inter- 

ossei are  present,  but  there  is  an  extra  interosseous  muscle  in  the 
interspace  between  the  second  and  third  metacarpal  bones.  This  also 
differs  from  the  others  in  its  situation,  the  normal  muscles  lying  to 
the  palmar  aspect  of  the  metacarpals,  and  the  extra  one  between  the 
two  before  mentioned.  It  is  interesting,  as  pointing  to  a  possible 
original  symmetry  of  the  interossei  in  point  of  numbers ;  but  before 
laying  any  stress  on  this  point,  I  am  anxious  to  discover  whether  a 
similar  arrangement  obtains  in  other  canine  manus. 

I  hope  soon  to  be  in  a  position  to  lay  before  the  Academy  a  more 
extended  Eeport  of  my  investigations  on  the  human  manus,  which  I 
am  now  carrying  on. 

Having  lately  obtained  a  large  supply  of  materials,  in  the  shape  of 
human  foetus,  I  hope  to  be  able  to  make  a  tolerably  complete  exami- 

nation of  them. 

In  conclusion,  I  desire  to  take  this  opportunity  of  thanking 
Dr.  Macalister  for  materials  and  much  kind  assistance. 

i 
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LXXII.  —  On  a  Relation  to  be  established  BET"nrEEN  Coast-line 
Directions  eepeesented  by  Geeat  Cikcles  on  the  Globe  anb 
CEEiAiN  Localities  in  Etteope  maeked  by  feequency  of  Eaeih- 

auAKES.  Ey  Joseph  P.  O'Reilly,  C.E.,  Professor  of  Mining  and 
Mineralogy,  Eoyal  College  of  Science,  Dublin. 

[Eead,  November  14,  1881.] 

Foe  the  student  of  Geology  no  phenomena  of  !N'ature  present  a  wider, more  interesting,  or  more  important  field  of  study  than  Earthquakes. 
So  sudden,  so  terrible  in  their  effects,  so  difficult  to  observe,  so  mys- 

terious in  their  causes  (even  in  the  present  advanced  state  of  knoTV- 
ledge),  and  therefore  so  insufiiciently  studied,  every  branch  of  science 
can  find  in  them  matter  for  observation  and  study  second  to  none  in 
importance.  It  might  seem,  therefore,  that  a  complete,  continuous, 
and  systematic  record  of  such  events  would  be  deemed  indispensable 
for  the  progress  of  the  natural  sciences  ;  and  such  a  record  we  possess 

in  Mallet's  P»,eport  and  Catalogue  of  Earthquakes  up  to  1850,  pub- 
lished by  the  British  Association,  but  for  the  subsequent  years  it  is  to 

be  regretted  that  we  have  no  continuous  catalogue  in  English,  such  as 
those  of  Professors  Perrey  and  Euchs  in  France  and  Germany. 

That  this  is  really  a  want  must  be  evident  from  the  interest  excited 

by  the  increasing  fi^equency  and  intensity  of  earthquakes  in  Central 
Europe,  by  the  manifest  desii-e  to  collect  more  precise  and  extended 
information  as  regards  their  occurrence,  and  by  the  admitted  in- 

sufficiency of  the  theoretical  views  in  vogue  as  regards  their  causes. 
The  records  of  Professors  Perrey  and  Fuchs,  with  difficulty  acces- 

sible in  Great  Britain,  are  yet  of  the  greatest  value,  and  their  exami- 
nation suggests  the  possibility  and  the  desirability  of  bringing  into 

more  intimate  relationship  earthquakes,  as  phenomena,  which  are 
apparently  quite  independent,  and  have  up  to  the  present  been  only 
brought  into  connexion  from  the  point  of  view  of  contemporaneity. 

Yet  the  dependency  existing  between  volcanic  action  and  earth- 
quakes is  fully  admitted ;  moreover,  there  is  recognised  a  well- 

established  connexion  between  volcanoes  and  great  lines  of  jointing, 
more  especially  sea  coast-lines.  It  is  therefore  reasonable  to  assume 
that  a  similar  connexion  may  be  found  to  exist  between  these  and 

earthquakes — that  is  to  say,  sea  coast  directions  and  lines  of  main 
jointing  being  recognised  as  the  loci  of  volcanic  actions,  so  evidently 
connected  with  earthquakes,  should  there  not,  consequently,  exist 
some  relation  between  these  same  directions,  as  representing  lines  of 
main  jointing  and  localities  markedly  affected  by  earthquakes,  far 
apart  though  they  may  be  geographically? 

In  the  present  memoir  I  endeavour  to  establish  such  a  connexion, 
parting  from  the  Theory  of  Coast-lines  Correlation,  submitted  to  the 
British  Association  in  1878  (Dublin),  and  subsequently  published  by 

the  Eoyal  Irish  Academy  in  its  Transactions  (IS'ovember,  1879).    In  that 
R.  I.  A.  PROC,   SER.  II.  VOL.  III.   SCIE>-CE.  2  U 
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memoir^  I  endeavoured  to  show  that  the  direction  of  coast-lines  in 
general  is  mainly  due  to  jointing  ;  that  this  must  be  dependent  on  the 

mineralogical  constitution  of  the  rock  or  rocks  in  "which  it  is  developed  ; 
that  this  constitution,  variable  at  surface,  must  change  in  depth  ;  and 
in  so  far  as  we  have  any  knowledge  of  it  for  great  depths,  may  be  pre- 

sumed to  be  that  of  the  trap-rocks  or  basalts;  that  these,  when  in 
great  masses,  frequently  present  a  columnar  structure,  acquired  by 
contraction ;  that  the  predominating  angles  of  the  prisms  formed  are, 

as  observed  at  the  Giant's  Causeway,  of  110°,  70°,  40°,  and  angles 
resulting  from  the  combination  of  these.  I  further  argued  that  secular 
contraction  is  admittedly  going  on  in  the  crust  and  at  the  surface  of 
the  earth,  but  only  locally,  and  therefore  unequally ;  that  there  are 

being  formed  continuously  in  the  earth's  crust  points  of  maximum 
tension  ;  that  when  rupture  and  consequent  local  contraction  take 
place,  there  are  produced  planes  of  rupture  or  joints,  which  necessarily 

divide  off  and  limit  a  certain  extent  of  the  earth's  crust,  and  give  rise 
to  polygonal  forms  at  the  surface  of  the  globe ;  that  these  planes  or 
joints  being  developed  in  massive  rock,  presumably  of  the  nature  of 
basalts,  and  of  very  great  thickness  and  extent,  give  rise  to  polygonal 
or  prismatic  forms,  presenting  angles  such  as  those  observed  in  basalts  ; 
that  by  reason  of  the  predominance  of  certain  angles  these  must  repeat 
themselves,  and  give  rise  to  directions  of  planes  of  jointing  which  at 

intervals  are  similar  ;  and  consequently,  that  prolonging  on  the  earth's 
surface  a  system  of  jointing  along  which  contraction  towards  the  centre 
has  taken  place,  this  system,  marked  by  its  direction,  should  reoccur 
at  intervals,  and  show  a  connexion  or  correlation  with  other  directions 
through  the  intermediary  of  the  predominating  angles  already  men- 
tioned. 

This  theory  was  supported  by  examples,  and  subsequently  by  the 
determination  and  comparison  of  the  systems  of  jointing  observable 
about  the  Bay  of  Dublin,  which  I  showed  to  have  manifest  relations 
with  the  directions  of  the  neighbouring  coast-lines,  in  accordance  with 

the  theory  submitted.^ 
Such  a  theory,  however,  requires  repeated  and  very  direct  proofs 

before  it  can  claim  acceptance.  If  well  founded,  it  should  admit  of 
being  pushed  to  its  logical  consequences,  and  such  I  take  to  be  the 
connexion  which  I  propose  to  establish  between  coast-line  directions 
for  their  correlated  lines  and  parallels)  and  localities  noted  for  their 
earthquakes. 

As  a  matter  of  fact  all  earthquakes,  whatever  their  origin,  must 
bring  into  play  the  systems  of  Assuring  and  jointing  which  have  existed 
in  the  locality,  tending,  however,  to  modify  them  and  to  increase  their 
extent  and  number. 

^  "On  the  Prismatic  Forms  of  a  Group  of  Basalts,  Giant's  Causeway."  (Eoy. 
Irish  Acad.  Transactions,  vol.  sxvi.,  part  22,  ISTov.  1879.) 

^  "  On  the  Dii-ections  of  the  Main  Lines  of  Jointing  observable  in  the  Rocks 
about  the  Bay  of  Dublin,  and  their  Relations  with  the  adjacent  Coast-lines."  (Roy. 
Irish  Acad.  Proceedings,  vol  iii.,  ser.  ii.,  No.  5,  Dec.  1880.) 
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l^ow,  assuming  as  admitted,  Pirstly,  the  connexion  iDetween  vol- 
canic action  and  earthquakes ;  Secondly,  the  connexion  between 

volcanic  action  and  coast-line  directions  ;  and  Thirdly,  the  connexion 
between  coast-line  directions  and  main  systems  of  jointing,  there 
should  be  a  connexion  existing  between  these  coast-line  directions  and 
localities  wherein  earthquake  action  manifests  itself. 

If,  therefore,  the  earthquake  records  for  a  series  of  years  be  taken, 
and  the  localities  mentioned  be  noted  on  a  map ;  if,  furthermore,  the 
coast-line  directions  traced  by  me  d  priori  on  the  globe  be  also  laid 
down  on  this  map,  there  should  (if  my  theory  be  well  founded)  be 
apparent  some  relation  between  the  earthquake  localities  and  these 
directions  or  their  correlated  lines. 

It  is  this  test,  applied  to  the  map  of  Europe,  which  I  now  submit 
for  consideration,  carried  out  by  marking  the  earthquake  localities 
noted  in  the  records  of  Mallet,  Perrey,  and  Puchs  down  to  1880. 

In  thus  marking  the  localities  mentioned,  I  was  unable  to  distinguish 
between  intensity  and  frequency  of  occurrence,  except  by  hatching 
districts  over  which  shocks  have  extended,  and  rehatching  or  cross- 
hatching,  to  mark  the  reoccurrence  of  the  earthquake  under  the  same 
conditions.  For  single  localities,  however,  a  simple  round  or  small 
circle  in  red  indicates  that  they  have  been  cited  as  having  suffered  at 
least  one  shock. 

!N"o  such  map  has  been  before  prepared,  and  the  present  one  must be  judged  rather  as  an  essay  than  as  a  complete  work.  If  intensity  and 
frequency  could  be  represented  on  such  a  map,  very  interesting  rela- 

tions would  certainly  be  established  thereby.  If,  moreover,  such  map- 
ping could  be  done  on  a  globe,  still  more  remarkable  results  might  be 

expected  to  follow. 
An  examination  of  the  map  shows  that  as  the  localities  are  multi- 

plied, so  does  their  tendency  to  develop  into  certain  lines  become  more 
marked ;  and  considering,  on  the  one  hand,  the  meagreness  and  incom- 

pleteness of  these  records  down  to  the  middle  of  the  last  century,  or 
commencement  of  the  present,  and  on  the  other  the  shortness  of  historic 
time  as  regards  the  development  of  geognostical  phenomena,  the  results 
manifested  by  the  map  must  be  considered  as  distinctly  pointing  to  a 
law  of  connexion  between  coast-line  directions  and  certain  earthquake 
districts  in  Europe. 

Of  the  localities  lying  in  Europe  and  around  the  basin  of  the  Medi- 
terranean, which  have  been  and  continue  to  be  marked  by  frequent 

and  violent  earthquakes,  the  following  are  the  principal : — 

Italy  and  Sicily. 
The  Adriatic  coast-lines. 
Greece  and  the  adjacent  islands. 
The  triangular  space  bounded  on  the  west  by  the  Rhone,  on  the 

south-east  by  the  Mediterranean  coast-line  from  Marseilles  to  Genoa 
and  the  prolongation  thereof  from  Genoa  to  Trieste,  and  on  the  north- 

east by  a  line  extending  from  the  Vosges  to  the  neighbourhood  of 
2U2 
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Trieste.     (This  triangular  space  takes  in  Switzerland  and  part  of  the 
Tyrol.) 

The  Ehine  district,  extending  from  the  confines  of  Baden  and 
Switzerland  to  Holland  in  a  direction  nearly  north  and  south,  and 
presenting  about  one  hundred  miles  in  breadth  from  west  to  east. 

The  Saxony  district,  more  circumscribed,  but  perfectly  well 
marked. 

Various  districts  in  France,  particularly  the  line  of  the  Pyrenees. 
-'Great  Britain. 
The  west  coast  of  Portugal. 
The  south-east  coast  of  Spain. 
Sweden  and  I^orway. 

Outside  Europe  proper,  and  in  connexion  with  the  Mediterranean 
nd  Black  Seas  : — 

Asia  Minor,  especially  the  west  coast  and  Sea  of  Marmora. 
The  north  coast  of  Africa. 

The  Syrian  coast. 
The  line  of  the  Caucasus. 

As  explained  in  the  memoir  "  On  the  Prismatic  Forms  of  a  Group 
of  Basalts,"  I  traced  on  the  globe  sixty-seven  coast-line  great  circles, 
correlated  by  certain  angular  relations,  and  of  these  great  circles  the 

following  traverse  Europe  and  the  adjacent  continents  : — 

No. 
2.  East  Cape  Madagascar. 

3.  "West  coast  of  Eead  Sea. 
4.  East  coast  of  Red  Sea. 

5.  Coast  of  Syria. 

7.  "West  coast  of  Morocco. 
12.  Southern  boundary  of  the   tertiary  formation  of  the  United 

States. 
13?  East  coast  of  South  America. 
14.  North  coast  of  Africa. 

15.  "West  coast  of  Portugal. 
16.  East  coast  of  England. 
23.  Caucasus  great  circle. 
24.  South-east  coast  of  Africa  (Sofala  coast). 
28.  Axis  of  Sumatra. 
32.  North-east  coast  of  Persian  Gulf. 
50.  Promontory  of  New  Ulster. 
51.  East  coast  of  Sweden. 
53.  East  coast  of  New  Zealand. 

52.  "West  coast  of  Sweden. 
66.  South-west  coast  of  Australia. 
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I  have  now  to  show  in  wliat  relation  these  lines  stand. 

First,  with  the  localities  in  Europe  marked  by  earthquake  action ; 
and  secondly,  with  similar  localities  outside  Europe. 

In  discussing  the  first  point  I  shall  confine  my  observations  to 
those  lines  which  the  method  employed  in  recording  the  earthquakes 
on  the  map  has  brought  out  prominently  and  distinctly,  leaving  aside 
for  the  present  the  less  well-marked  lines  and  less  clearly-defined 
districts. 

The  following  may  be  pointed  out  as  such  well-marked  lines  : — 

I. — The  Boundary  Line  of  the  Tertiary  Formation  of  the  Valley  of 

the  Po. — This  line  meets  the  coast-line  direction  !N"o.  13  (east  coast  of 
South  America)  at  Novara,  making  with  it  an  angle  of  70°.  It  is 
very  remarkable  by  reason  of  the  frequency  of  earthquakes  along  its 
direction.  On  it  are  situated  Pavia,  Piacenza,  Parma,  Eeggio,  Modena, 

Bologna,  Imola,  Eaenza,  Eorli,  Eimini,  Ancona — all  frequently  cited 
on  account  of  their  earthquakes,  the  shocks  either  having  been  noted 
in  a  single  locality,  or  at  several  localities  along  the  line. 

Its  prolongations  north-west  and  south-east,  within  the  limits  of 
Europe  and  the  coast  of  Syria,  pass  through  many  localities  remarkable 
for  the  frequency  and  intensity  of  their  earthquakes.  Thus,  on  the 
north-west  it  traverses  Mount  St.  Bernard,  the  Ehone  at  Tournus,  the 
district  about  Tours,  and  cuts  the  coast-line  of  Einisterre  at  Landernau, 
an  earthquake  point.  Towards  the  south-east  it  practically  represents 
the  axis  of  the  Adriatic,  cuts  the  Albanian  coast  at  Durazzo,  the 
Thessalian  coast  at  Yolo  (both  well  known  by  reason  of  their  frequent 
earthquakes),  traverses  the  Sporades,  cuts  Bhodes  at  its  northern  point, 
and  the  Syrian  coast  about  Ascalon,  crossing  the  Dead  Sea  at  its 
southern  extremity. 

The  coast-line  between  Genoa  and  Massa  may  be  considered  as 
parallel  to  it,  and  roughly  the  coast-line  between  Pescara  and  Brindisi 
on  the  east  side  of  Italy. 

The  coast-line  from  Ancona  to  Pescara  may  be  considered  as  cor- 
related with  it  by  the  angle  40°,  as  also  the  coast-line  between  the 

Gulf  of  Policastro  and  Gulf  of  Santa  Euphemia. 

II. — Marseilles,  Toulon,  and  Laylach  Line. — The  coast-line  direc- 
tion and  earthquake  locus  just  considered  meets  at  Parma  the  very 

remarkable  line  extending  from  Marseilles  and  Toulon  to  Laybach, 
over  a  distance  of  about  500  miles,  well  marked  by  repeated  shocks, 
sometimes  local  only,  at  others  having  extended  along  the  whole  line. 
This  line  might  in  reality  be  considered  as  extending  to  Barcelona,  in 
Spain,  and  as  regards  correlation  may  be  taken  as  making  an  angle  of 

80°  with  the  east  coast  of  England  direction  (No.  56). 
It  might  also  be  considered  as  parallel  to  the  direction  of  the 

Murcia  earthquake  zone,  which,  parting  from  near  Almeria,  is  drawn 

on  the  map  at  an  angle  of  70°  with  No.  6  (west  coast  of  Africa). 
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To  tlie  "west  this  Marseilles-Laybach.  line  cuts  the  Spanish,  coast  at 
Cadiz ;  to  the  east  it  passes  through  Hungary,  running  about  thirty 
miles  north  of  the  Balaton  Lake,  and  parallel  to  its  axis.  It  passes 
at  Pesth,  runs  parallel  to  and  to  the  north  of  the  earthquake  line 

which  extends  from  Kardzag  to  Szathmar  iN'emeths.  It  there  meets 
the  earthquake  line  which  extends  from  Lemberg  in  Gallicia  to  Her- 

mannstadt  in  Transylvania,  making  with  it  an  angle  of  about  70°. 

III. — Ea&t  Coast  of  Sardinia  Line. — At  Parma  the  two  last  de- 
scribed directions  are  intersected  by  another,  equally  well  marked — 

that  is,  the  line  represented  by  the  east  coast  of  Sardinia,  drawn  on  the 

map  at  80°  with  the  north  coast  of  Africa  (No.  14),  but  which  might 
also  be  considered  as  a  parallel  to  the  east  coast  of  Sweden  direction 
{'Eo.  51). 

This  east  coast  of  Sardinia  direction  passes  through  Elba,  runs 
parallel  to  the  Leghorn  coast-line,  passes  at  Parma,  between  which 
city  and  Leghorn  simultaneous  shocks  of  earthquakes  have  frequently 
occurred,  follows  the  west  side  of  the  valley  of  the  Adige,  and  touches 
in  its  extension  the  western  side  of  the  Saxony  earthquake  district. 

lY. — East  Coast  of  Siceden  Direction.  —  This  direction,  nearly 
parallel  to  the  last  described,  is  much  more  distinctly  marked  in  its 

characteristics  as  a  line  of  eai'thquake  action. 
Its  correlation  with  the  great  circle  coast-line  directions  is  40°  with 

IS'o.  50  (Promontory  of  jN"ew  Ulster). 
That  portion  of  it  extending  from  JS^ordkoping  to  Karlscrona  is well  marked  by  its  rectilineal  direction.  Farther  south  it  passes  at 

Prague,  Undine,  Eimini,  and  mouth  of  the  Tiber ;  traversiag  the 
Tyrrhenian  Sea,  it  cuts  the  African  coast  at  Cape  Bon  and  at  Sfax. 
As  regards  this  portion  of  the  line,  it  may  be  remarked  that  up  to  the 
present  (23rd  July,  1881)  there  had  not  been  recorded  (in  the  lists 
consulted)  any  earthquake  as  having  taken  place  along  this  coast  of 

Tunis,  although  theoretically  the  extensions  of  the  coast-line  dii'ections 
already  described  would  point  out  this  countiy  as  one  of  earthquake 
action.  !Row,  owing  to  the  presence  of  scientific  observers  in  this 
country,  within  the  last  month  or  so  we  receive  intelligence  of  an 
earthquake  or  earthquakes  having  taken  place  in  and  about  the  Gulf 
of  Gades  ;  and,  furthermore,  notice  of  the  fact  that  the  constitution  of 
the  country  is  volcanic.  I  cite  this  fact  to  show  how  those  Knes  may 
be  interpreted  as  regards  districts  but  little  explored. 

The  section  of  this  line  between  Ptome  and  Eimini  is  one  of  the 

best-marked  earthquake  lines  in  Italy,  while  the  section  between  Pola 
and  Briick  is  also  well  defined  as  a  direction  by  a  series  of  poiats  along 
which  shocks  have  been  continually  occurring.  Between  Palermo  and 
Naples  a  parallel  to  this  coast-line  direction  seems  to  be  marked  out 
by  earthquake  movements,  cited  as  having  extended  from  one  point  to 
the  other  (April  16,  1817). 
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V. — Bari  Coast-line  Direction. 

VI. — Policastro-lSficastro  Coast-line  Direction. — The  soutliem  ©r 

Calabrian  part  of  Italy  presents  two  coast-line  directions,  well  marked 
by  earthquake  action,  the  one  represented  by  the  line  extending  from 
the  GuK  of  Manfredonia  south-eastwards,  the  other  by  the  Yal  de 
Diano  and  the  coast-line  on  to  Mcastro.  This  one  is  very  strongly 
marked,  and  distinctly  parallel  to  the  great  circle  direction,  south-east 
coast  of  Africa  or  Sofala  coast  (No.  -24). 

YII. — East  Coast  of  England  Direction. — A  very  remarkable  coast* 
line  direction  is  that  representing  the  east  coast  of  England.  It  is 
correlated  with  the  great  circle  direction  ISTo.  12  (Eiver  St.  Lawrence, 
or  southern  boundary  of  tertiary  formation,  United  States),  by  the 

angle  of  40°. 
As  shown  on  the  map  it  runs  parallel  to  the  east  coast  of  Iceland, 

traverses  the  Ferroe  islands,  parallel  to  the  axis  of  the  main  island, 
runs  along  the  east  coast  of  Hoy  island  in  the  Orkneys,  touches  Scot- 

land at  Kinnaird's  Head,  runs  parallel  to  the  east  coast  of  England 
from  the  Eirth  of  Eorth  to  the  Wash ;  passes  at  Bruges,  traverses  the 
well-marked  earthquake  district  which  extends  from  the  plateau  of 
Langres  by  Geneva  and  Savoy  to  Mce  ;  traverses  Sardinia,  cutting  its 

coast-line  at  Cagliari ; '  cuts  the  Tunisian  coast,  passes  at  Tunis,  and 
enters  Africa  proper  at  Jerba  island  in  the  Guli  of  Gades. 

That  portion  which  extends  from  the  plateau  of  Langres  to  K"ice only  partially  represents  an  earthquake  line,  although  Geneva,  Savoy, 

and  jN^ice  may  be  considered  as  constituting  one ;  but  the  parallel  to 
this  coast-line  represented  as  passing  through  the  island  of  Elba  pre- 

sents a  well-defined  character.  Thus  parting  from  the  Shetland 
islands,  it  traverses  the  Zuider  Zee  at  Harderwick,  and  marks  well  in 
its  extension  the  western  boundary  of  the  Ehine  valley  earthquake 
district.  The  central  axis  of  this,  which  may  be  taken  as  extending 
from  Gross  Gerau  to  Stuttgard,  is  parallel  to  it.  The  continuation  of 
that  axis,  from  Stuttgard  southwards  to  the  vicinity  of  Parma,  may 
also  be  taken  as  representing  a  line  of  earthquake  action,  though  not 
so  distinctly  marked  as  the  more  northerly  portion. 

YIII. —  West  Coast  of  Africa  Coast-line  Direction  {No.  6). — This 
coast-line  direction  enters  Spain  at  the  Cabo  de  Gata,  passes  near 
Madrid,  cuts  the  Santander  coast  at  Santillana,  crosses  the  Bay  of 
Biscay,  and  meets  the  Irish  coast  at  Cork — one  of  the  localities  in 
Ireland,  the  best  marked  as  regards  frequency  of  occurrence  of  earth- 

quakes. Its  continuation  northwards  runs  along  the  west  coast  of 
Iceland,  and  practically  parallel  to  it.  As  an  earthquake  line  it  is  not 
very  remarkable  over  this  extent,  but  there  seems  to  be  developed  parallel 
to  it  a  line  of  earthquake  localities,  extending  from  Tarbes  by  Bordeaux 
and  Nantes  on  to  the  coast  of  Dorsetshire,  through  the  Channel  islands. 
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This  line  is  very  distinctly  marked,  and  may  be  considered  as  the  axis 

of  a  zone  or  band  -vvhich  "would  include  the  eastern  portion  of  Spain, 
the  western  half  of  France,  Great  Britain  and  Ireland,  the  Faroe 
Islands,  and  Iceland. 

IX. — Tlie  Almeria  or Murcia  Earthquahe  District  maybe  considered 
as  correlated  with  this  line  by  the  angle  of  70°.  It  has  a  well-marked 
direction,  and  its  extension  eastwards  represents  the  coast-lines  of 
Iviza  and  Majorca,  crosses  the  northern  part  of  Corsica,  touches  Elba, 
and  traverses  Italy  from  Piombino  by  Sienna  Arezzo  and  Urbino — 
points  well  marked  by  repeated  earthquake  movements. 

X. — South-east  Coast  of  the  Adriatic  (^Allesio  to  Aolona). — This 
line,  of  no  great  extent,  yet  well  marked  as  regards  earthquake  move- 

ments, is  interesting  from  the  fact  that  its  parallel,  lying  between 
Bosnia-Serai  and  Eagusa,  has  been  cited  as  a  line  along  which  simul- 

taneous earthquake  action  has  taken  place  (June  27,  1869).  Now, 
this  line  may  be  considered  as  making  with  the  coast-line,  north-east 

of  the  Persian  Gulf  (JS'o.  32)  an  angle  of  80°,  and  produced  defines  cor- 
rectly the  line  of  the  Danube  between  ^^aitzen  and  Essek,  along 

which  shocks  have  been  cited  as  having  occurred,  parallel  to  which 
there  is  a  very  distinctly  marked  line  of  earthquake  action  represented 
by  a  series  of  points  between  Kesskemet  and  Petervasara  in  Hungary. 

As  regards  the  coast-lines,  properly  so  called,  certain  of  them  are 
well  marked  by  the  frequency  of  earthquakes  and  succession  of  the 
points  at  which  they  have  been  noted.  This  is  the  case  as  regards  the 
west  coast  of  Portugal,  the  north  coast  of  Africa,  the  Syrian  coast,  the 
Adriatic  coasts,  the  western  coast  of  Asia  Minor,  the  north-east  coast 
of  the  Black  Sea,  the  southern  coast  of  same  between  Samsun  and 
Trebizonde.  The  northern  or  Cantabrian  coast  of  Spain,  so  markedly 

rectilinear  and  so  well  defined  by  the  great  circle,  N"o.  66  (south-west 
coast  of  Australia),  is  not  cited  as  having  presented  remarkable  earth- 

quake movements ;  yet  the  few  localities  cited  in  this  respect  are 
upon  this  great  circle.  Taking  into  consideration  only  those  more 
remarkable  coast-line  directions,  their  parallels,  and  certain  lines  cor- 

related therewith,  it  may  be  advanced  that  they  furnish  sufficient 
evidence  to  justify  the  proposition,  that  between  certain  of  these  coast- 

line directions  and  locaKties  in  Europe  markedly  characterized  by  the 
frequency  and  intensity  of  their  earthquakes,  there  exists  a  very  dis- 

tinct relation  of  direction,  and  that  this  relation  would  be  much  more 
distinct  were  our  earthquake  records  more  complete,  and  if  they  had 
extended  over  a  greater  period  of  time  than  that  corresponding  to  our 

chronology,  a  period  so  comparatively  short  so  far  as  geognostical  fac- 
tors are  concerned. 

Many  minor  proofs  of  parallelism  and  correlation  might  be  pointed 
out,  and  may  be  easily  gathered  from  the  examination  of  a  map. 
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Thus,  examining  the  Rhine  valley  earthquake  district,  it  may  be 
observed  that  not  only  is  it  well  defined  on  the  west  by  the  east  coast 
of  England  direction,  but  that,  moreover,  the  locality  of  relatively 
greatest  intensity,  which  may  be  taken  as  corresponding  to  Gross 
Gerau,  occurs  at  the  intersection  of  the  great  circle  direction,  Axis  of 
Sumatra  (jSTo.  28),  with  the  parallel  to  the  coast  of  England  passing 
through  Elba. 

•Furthermore,  the  great  circle  direction  ISTo.  56,  Promontory  of  New 
Ulster,  passes  somewhat  to  the  south  thereof  at  Strasburg  and  Carls- 
ruhe,  and  defines  sufiiciently  the  northern  boundary  of  the  Saxony 
central  earthquake  district.  This  district  may,  indeed,  be  defined  as 
bounded  on  the  north-west  and  south-east  by  this  great  circle,  and  a 
parallel  thereto,  and  on  the  north-east  and  south-west  by  the  great 
circle,  east  Cape  of  Madagascar  (No.  2),  and  a  parallel  thereto.  This 
great  circle  (No.  2),  and  those  representing  the  east  and  west  coasts  of 
the  Red  Sea,  are  very  characteristic  in  their  intersections,  and  all  pass 
through  Iceland,  and  would  suggest  a  possible  connexion  between  the 
volcanic  and  earthquake  activity  of  that  island  and  localities  situated 
on  these  great  circle  directions.  Such  connexion  or  simultaneity  of 
action  at  points  of  a  coast-line  direction  wide  apart  is  demonstrated 
by  the  repeated  occurrence  of  shocks  at  Grsechen  in  Switzerland  and 
Constantinople,  on  the  same  day  and  nearly  same  hour,  both  points 
being  situated  on  a  parallel  to  the  north-east  coast  of  the  Persian 
Gulf  (No.  32).  It  is  evidently  of  extreme  importance  to  follow  out 
these  relations,  since,  if  established  for  points  at  great  distances  on 
great  circle  directions,  every  new  relation  thus  established  between 
phenomena  apparently  isolated  and  unconnected  points  towards  a  law, 
and  would  be  of  a  nature  to  guide  physicists  as  to  the  localities  whereat 
seismographs  may  be  most  advantageously  established  for  observation. 

These  considerations  lead  up  to  the  examination  of  the  second  point 
which  I  proposed  to  consider,  that  is,  the  relations  to  be  established 
between  these  coast-line  directions  considered  as  great  circles  and  loca- 

lities situated  outside  Europe,  and  noted  for  the  frequency  or  intensity 
of  their  earthquakes.  In  order  to  do  so  in  a  summary  manner  I  have 
detailed  the  points  through  which  these  great  circles  pass,  printing  in 
thick  type  the  known  earthquake  localities,  and  in  italics  those  known 
only  on  account  of  volcanic  action. 

No.  2.— EAST   CAPE  MADAGASCAR. 

Antigonil  Bay. 
Astone  and  Cosmoledo  Islands. 
Abyssinia,  ,         .         .     Near  Gondar. 
Nile,  .         .         .         .At  Syene,  First  Cataract,  Mineah. 
Mediterranean  Coast,        .     Arabs  Gulf. 
Candia,       ....     Near  Cape  Sidero. 
Sporades. 

Eubcea  Island,  .     (Twelve  miles  east  of). 
Killodroini  Island. 
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Salonica. 
Servia. 
Hungary, 

Austria,  .... 
Bolieiaia,  .... 
Saxony,      .... 
Nortli  Germany, 
Shetland  Islands, 
Faroe  Islands. 
Iceland,      .... 
Greenland. 
Canada,      .... 

Oregon  and  California, 
Marquesas  Island. 
Poumota  or  Low  Archipelago. 
Sabrina  Land. 
Kerquelan  Land, 

Betwen  Essek  and  Zomtor,  Holiacs,  Funfkir- 
chen,  Balaton  Lake. 

Vienna. 
Prague,  Eger,  Erzgebirge  Mountains. 
Clieinnitz,  Leipzig,  Dresden. 
Elbe  Mouths. 
(Seventeen  miles  south  of). 

Vatna,  Jokull,  and  north-vrest  point  of. 

Hudson's    Bay,   Cape    Churclull,    "Winnipeg    and Deer  Lakes. 

Cape  Conception. 

(Thirty-three  miles  south  of). 

No.  3.— WEST   COAST   OF   RED   SEA. 

Africa,  .... 
Khodes  and  -west  coast  of 

Asia  Minor,    . 
Turkey, 
Servia. 
Htmgary, 
Bohemia,    . 
Silesia, 
Prussia, 
Denmark, 
Shetland  Is., 
Earoe  Is. 
Iceland, 
Greenland. 
Canada, 
Utah, 

Califomian  Coast, 
Marquesas  Is. 
Paumota  Group. 
Adelie  Land. 
Sahrina  Land. 
Bourbon  Is., 

Makdishu,  Somali  Coast,  Nile  Mouths,  Damietta. 

Samos,  Mytelene. 
Kara  Su.  P.,  Sofia. 

Szegedin,  Buda-Pesth,  Kremnitz. 
Kceniggratz. 
Gorlitz. 
Berlin,  Potsdam. 
Elbe. 
Lerwick. 

Vatna  Jokul,  and  north-west  point  of. 

Hudson' s  Bay,  near  Port  Xelson  ;  Winnipeg  Lake. 
Salt  Lake,  south-east  point  of. 
Catalan  Is. 

(Twenty-thi-ee  miles  east  of). 

No.  4.— EAST   COAST   OF  RED   SEA. 

Seychelle  Is. 
Giilf  of  Aden, 
Arabia, 
Red  Sea, 
Cyprus, 
Asia  Minor, 

Sea  of  Marm.ora. 
"Wallachia. 

Berhera. 
Mocha. 
Farsan  Is. ,  Head  of  Acuha  Gulf. 
Fifty  miles  west  of  C.  Amauti. 
South  Coast,  C.  Kiledonia,  Sources  of  Menander, 

Twenty  miles  west  of  Ushak. 
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Hungary, 
Silesia, 
North  Germany, 
Denmark. 
Shetland  Is., 
Iceland, 
Greenland. 
Canada, 

Debrezin,  Karchan. 
Breslau. 
Landsberg. 

North  XJnst. 
Kressonaes,  Glamn  Jokul. 

.  Hudson's  Bay,  North-west  point  Labrador,  "Winni- 
peg Lake. California,  .         .         .     Comse  of  Eiver  Colorado,  Head  of  Gulf  of  Cali- 

fornia. 
Marquesas  Is.  and  Society  Is. 
Sahrina  Land. 
Adelaide  Land. 

Syrian  Coast,     . 

Asia  minor, 
Circassia, 
Caucasus,  . 
Russia, 

New  Siberia, 
North-east  Siberia, 
Alentian  Is., 

Sand-wich  Is.,    . 
Society  Is., 
Africa, 

No.  5.— COAST   OF  SYRIA. 

.     Gaza,     Beyrout,     Tripoli,     Antioch,    Iskan- 
deroon. 

.     Near  Sivas,  XJnieh.,  Black  Sea  Coast. 

.     JMichelowski. 

.     Mount  Papnii,  near  Ekaterinodar. 

.     Near  Nyzni  Novogorod,  runs  parallel  to  the  course 
of  the  Volga  between  Tenatitin  and  Kaimishin. 

.     Head  of  Taimurski  Bay. 
.     Chaunskara  Bay,  C.  Alyastorski. 
.     Atcha  Is. 
.     Tani  Is. 
.     Tahiti  Is. 

.     South-west  Coast,  St.  Helen's  Bay,  cuts  the  Equator 
at  26°  E.  Long,  near  bend  westward  of  Congo, 
Nile  (2nd  and  3rd    cataracts),    Egypt,  Keneh, 
Peninsula  of  Sinai. 

Spain, 

France, 

England,    . 
Norway, 

Noya  Zembla, 
Siberia, 

No.  7.— WEST  COAST  OF  MOROCCO. 

.  Guadiana  Mouths,  Albuera,  Caceres,  Palencia, 
Salamanca,  Mts.  of  Europe,  Santander  Coast, 
Leva  R.  Valley. 

.  Loire  K.  Mouth,  St.  Malo,  Cherbourg  Pro- 
montory. 

.     Brighton,  North  coast  of  Norfolk. 

.  Flekkifiord,  "West  of  the  Naze,  Sytle  Fiord,  Valley 
of  the  Tanie  E. 

Sea  of  Okhotsch, 
Amour  R., 
Sagalin  Is., 
Solomon  and  Santa  Cruz  Is., 
New  Caledmiia, 
New  Ulster, 
South  Shetland. 
South  Georgia  Is. 
Africa,  ... 

Jigansk,  on  the  Lena ;    South-east  course  of  the 
R.  Lena. 

Shanter  Is. 
Mouths  of. 

Jesso  Is.,  north-east  point  of. 
Passes  between  them. 

South-east  point  of,  Loyalty  Is. 

C.  and  Mt.  Egmont,  Cooke's  Sound. 

West  coast,  Bissagos  Is. ;  Morocco,  "West  coast  from C.  Blanco  to  C.  Juby. 
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Gulf  of  Mexico, 
Canada, 

Labrador, 
Ireland, 
Wales, 

England,    . 
France, 

S-witzerland, 
Tyrol, 
Italy, 

Dalmatian  Coast, 
Turkey, 

-ffig-ean  Sea, 
Syrian  Coast,     . 
Arabia, 
Soutli  Pacific, 
Mexico, 

Victoria  Fort. 
Lake  Erie,  Buffalo,  Lake  Ontario,  Trenton,  R, 

St.  Lawrence  (parallel  to  course  of),  Ottawa, 
Anticosti  Is.  (nortli-west  point  of),  New  Bruns- 

wick, Coast  of  tlie  R.  St.  Lawrence. 
South  Coast,  York  Point,  Straits  of  Belle-Isle. 
Shannon  Mouth,  Foynes. 

South.  Coast,  St.  Bride's  Bay,  Oystermoutli, 
Weston-super-Mare. 

Mendip  Hills,  Southampton. 
North  of  Dieppe. 
Basle. 
Trent. 
Venice. 

Herzeg-ovina  and  Monteneg-ro. 
Monastir,  North  of  JMt.  Olympus. 
Skyros,  Cos,  Rhodes. 
El  Arish. 
Mt.  Siebam,  C.  Guardafiu. 
Pamuan  Is. 

"West   Coast,    near   Guadalajala ; 
Zacatecas  Territory. 

C.    Corrientes : 

No.  14.— NOETH   COAST   OF   AFRICA. 
I 

Ceuta, 
Sicily, 
Morea, 
Asia  Minor, 
Cyprus, 
Ssrria, 
Persia, 
Beloochistan, 
India, 

-Andeman  Is., 
Malaya. 
Borneo, 

Sambawa  Is., 
North  Australia, 

New  South  Wales, 
New  Ulster, 
Peru, 

Ecuador, 

New  G-ranada, 
Madeira  Is., 

Alboran  Is.,  Coast  of  Algiers. 
Mt.  Etna. 
Argos. 
South  Coast  of,  Malesso,  Saletkeh. 
North  of. 
Antioch,  Aleppo. 
Ispahan. 
Ehozdar,  Sheivan. 
Viziampatam. 
North  Sentinel. 

South--n'est  point  of. 
East  point  of. 
Cambridge   Gulf ;    runs  parallel  to  south  coast  of 

Carpentaria  Bay. 
C.  Byron. 
Bay  of  Islands. 
North-M'est  point  of,  Loja,  Lobos  Is. 
Santa  Rosa. 
Moreno,  Orinoco  R.  Mouths. 
St.  Laurence. 

Mogador. 
Portugal, 
Spain, 
Ireland, 

^Tq.  i,5._wEST   coast   OF   PORTUGAL. 

C.  St.  Vincent,  Lisbon,  Oporto. 
Vigo,  Santiago,  Corunna. 

.     Waterford,  Coast  of  Antrim. 
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Scotland,    .... 
Faroe  Is., 
Spitzbergen, 
East  Siberia, 
Nigui  Kamtscliatka  Coast. 
Musquito  Group. 
NeAw  Hebrides, 
Neiv  Mioister, 
Liberia  (Africa),    . 
Sahara  (Africa),    . 

Mull  and  Skye  Is. 
Eastern  group  of. 
Hackluyts  Headland. 
Nigui-Kolinsk. 

Soutbem  Group  of,  Tanna  Is. 
C.  Foulwood  to  Ashbuxton. 
Monrovia  Town. 
Parallel  to  line  from  C.  Blanco  to  C.  Verd. 

No.  16.— EAST   COAST   OF   ENGLAND. 

Yarmouth,    . 
Faroe  Is.,  . 
Greenland, 

Barrow's  Straits, 
Canada, 
Alaska, 
SandAsich  Is., 

Enderby's  Land. Africa, 

Sardinia,     . 
France, 

Pentland  Head. 
Sunderoe. 

Scoresby's  Sound,  C.  York. Victoria  Land. 

Great  Bear  Lake,  North-west  point  of. 
Sitka  Is.,  Falls  of  R.  Francis. 
1°  20'  to  the  east  of. 

Kaffraria    Coast,     E.    Untainvoona,     North-east 
coast  of  Tunis. 

Cagliari,  Asinara  Is. 
Antibes,  Cbambery,  Dijon,  Laon,  Chalons. 

No.  23.— CAUCASUS  MOUNTAINS. 

Balkan     Mountains     and 
Gulf,         .... 

Eaku. 
Sea  of  Azof. 
Russia, 
Carpathians, 
Germany, 
Holland, 
England,     . 
Wales, 
Ireland, 
West  India  Is., 
Central  America, 

Gallipagos  Is.,  . 
Aukland  Is., 

"West  Australia,     . 
India, 
Cutch  Is.,    . 
Afghanistan, 
Persia, 

Naphtha  Springs. 

Parallel  to  the  course  of  the  Dnieper. 
North  side  of,  Eighteen  miles  south  of  Lublin. 
Berlin  and  Potsdam. 
Zuyder  Zee,  Texel. 
North  coast  of  Norfolk,  Nottingham,  Derby. 
Carnarvon  Promontory. 

Wicklo-w,  Shannon  (lower  coixrse  of). 
"Windward  Pass. 
Costa  Eica  and  Panama  frontier,  between  Mount 

Chi)-igi)i  and  Fico  Blanco. 
Easter  Is. 
South  of. 

South-west  part  of  Seal  Is.,  West  Coast,  Arrow- 
smith  E.  Mouth. 

East  Coast,  Sadras. 
Surat,  Gulf  of  Cambay,  Hyderabad. 
Kelat. 
Nisapoor. 
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No.  24.— SOUTH-EAST  COAST  OF  AFEICA   (FEOM  SOFALA  EAY 
SOUTHWARDS). 

Sofala, 
Marian  and  Crozettes  Is., 
South  Victoria, 
North  America, 

Greenland, 
Europe, 

Italy,    .... 

Africa, 

C.  Corrientes. 
1°  west  of. 

Cook's  or  Harvey's  Is.  Group. 

Queen  Charlotte  Is.,  Provost  Is.,  "Wellingtoii  Bay, North  Devon  Is.  (C.  Horsborough) . 

Melville  Bay,  Davy's  Sound,  Vemer  Mountains. 
Mouths  of  Weser  E.,  Minden,    Hanover,  Got- 

tingen,  Bamberg,  Noric  AJps,  Carnic  Alps. 
TTndine,  Gulf  of  Trieste,  Adriatic,  Pola  Coast, 

parallel  to  coast  between  C.  Policestro  and  0. 
Santa  Euphemia,  Basilicata,  Cosenza. 

East  coast  of  G.  of  Sidi-a,  East  coast  of  Tanganaika Lake. 

No.  28.— AXIS   OF   SUMATEA. 
NicolDar  Is. 
East  Coast  of  India, 
India, 

Caspian  Sea, 
Caucasus, 
Sea  of  Azof, 
Carpathian  Mountains, 
lloravia,     . 
Germany,    . 
Rhine, 
France, 
Jersey. 
Azores, 
West  India  Is., 
South  America, 

Ecuador  and  Granada, 

Ne^fJ^  Zealand,    . 
Tasmania, 
Australia, 
Java  Is.,     . 

Bomlipatam. 
ilooltan,  Lehree  Fort,  Cabul,  near  Candahar. 
Karaboghaz  Bay,  Derbent. 
Ekaterinodar. 
Czemowicz. 

Hungary,  Kesmak. 
Bohemia,  Ireslau. 

Odenwald,  "Wurtzburg,  Worms. Luxembourg. 

Brittany,  Rouen,  Caen,  C.  Ushant. 

About  2°  north  of. 
Spanishtown. 
Paraguana   Peninsula,    L.    Mascaybo,   New 

Granada,  ISIedelin,  Bay  of  Choco. 
North-west  coast,    from    Beneventura  Bay  to  C. 

Lorenz. 
South  point  of.  South-west  Cape,  Long  Is. 
North  point  of. 
Coast-Hne  from  Geelong  to  Australian  Bight. 
South-west  point. 

No.  32.— NOETH-EAST  COAST  OF  PEESIAN  GULF. 

Euphrates  R.  Valley, 
Aleppo, 
Asia  Minor, 
Sea  of  Marmora, 
Turkey, 
Dalmatian  Coast, 
Italy, 
France, 
Cuba  Is.,     . 
Nicuaragua, 
New  Zealand,     . 
Tasmania, 
Australia, 
Lacadive  Is. 
Arabia, 

Bagdad,  thirty  mUes  south-west  of. 
Head  of  Iskanderoon  Gulf. 
Taurus  Chain,  Konieh,  Karahissar,  Broussa. 
Gallipoli. 
About  forty  miles  south  of  Sophia,  Bosnia  Serai. 
Zara. 

Po  River  Valley,  Mantua,  Milan,  Chambery. 
Ehone,  at  Lyons. 
Buena  Esperanza  Bay. 
Near  the  Lake,  Leon. 
North  point  of  Long  Is. 
South  point. 
South-west  Promontory. 

Muscat  Coast. 
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No.  50.— PROMONTORY  OF  NEW  ULSTER. 

C.  Maria,  Van  Diemen. 
South  America, 

North-Av^est  Africa,    . 
Spain, 
Pyrenees,    . 
France, 
Germany,    . 

Russia, 
Siberia, 
China, 

Patagonia,  Port  Santa  Cruz,  C.  Frio,  and  Coast- 
line to  Espiritu  Santo. 

From  C.  Blanco  to  Mazagran. 
Guadalquiver  R.,  Seville,  Toledo. 
Pic  du  Midi,  Bagniere  de  Bigorre. 
Cantal,  Chalons  snr  Rhone. 
Strasburg-,  Mannheim,  Heidelberg-,  Wurtz- 

burg,  Darmstadt,  Weimar,  Leipzig-,  Danzig. 
Ural  Mountains,  Pas  Mer  Mountains. 
Course  of  Obi  at  Surgutoi,  Backal  Lake,  Oudonsk. 
Corea,  Kinsin  Is.,  Solomon  Is. 

No.  51.— EAST  COAST  OF  SWEDEN. 

Carlscrona,  Stockholm,  Gefle,  Hermosand,  Umea. 
North  Cape. 

Samoa  Is.,    . 
iUUiiULl   yx.,    Jl.llltbi;UiLii.tl   J.S.,   .£1.1  USLI  1:1.11   iS. 

.     Oyolava  Is. 
Atlantic  Ocean,     . .     St.  Thomas  Is. 
Africa, .     Niger  Mouths  (parallel  to  Gaboon  Coast),  Tunis, 

C.  Bon  and  East  Coast. 
Italy, .     Rome  to  Pesaro. 
Adriatic, .     Trieste  Coast  and  Gulf,  Undine. 
Austria, .     Carnie  Alps,  Styria. 
Bohemia,    . .     Prague. 
Prussia. 

No.  53.— EAST  COAST  OF  NEW  ZEALAND. 

Sabrina  Land. 
Marian  and  Crozetto  Is 
South  Africa, 
Algiers, 
Spain, 
Greenland,    . 

Vancouver's  Is.,    . 

C.  Vidal. 
Tlmencen,  Hilat. 
Vera,  Lorca,  Madrid,  Escurial,  C.  Ortugal. 

South-east  Coast,  Baffin's  Is.,  Chesterfield  Inlet. 
North  point. 

No.  62.— WEST  COAST   OF   SWEDEN. 

Greenland, 
North  America, 

South  Victoria, 
Africa, 
Morea, 

Ardencaple  Inlet. 

Smyth's  Straits,  Alexander  Cape,  Great  Bear  Late, Graham  Is. 
Mount  Erehus. 
Sofala  Coast,  Lybian  Coast. 
Axis  of. 
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No.  66.— SOUTH-WEST   COAST   OF    AUSTEALIA. 

Tasmania,     . 
New  Munster, 
Gambar  Is., 
Central  America, 
Cuba, 

North  America, 
Spain, 
Sardinia,    . 
Soutliern  Italy, 
Candia  Is. 
Ked  Sea, 
Arabia, 

South  point. 
From  Milford  Sound  to  Ashburton. 
Paumoa  Group. 

Gruatemala,  Quisaltenango  to  C.  Catoche. 
North-west  Coast. 
Florida  Point. 

Pyrenees,  and  Santander  Coast. 
Straits  of  Bonifacio. 
Catanzaro. 

Head  of  Gulf  of  Acaba. 

South  Coast,  Dofar. 

These  details  show  that  the  great  circles  marked  on  the  map  of 
Europe,  in  connexion  with  earthquake  disturbances,  traverse  outside 
Europe,  countries  and  districts  more  or  less  markedly  subject  to  earth- 

quakes, or  volcanic  in  their  nature,  and  therefore  it  would  be  possible 
to  refer  to  such  great  circles  the  several  earthquakes  occurring  on  their 
directions.  This  would  be  a  first  method  of  grouping,  and  would  allow 
of  comparisons  as  regards  contemporaneity,  or,  what  is  of  equal  interest, 
regularity  of  interval  between  the  shocks  occurring  at  points  distantly 
removed. 

The  referring  of  earthquakes  to  great  circle  directions  would, 
furthermore,  facilitate  the  definition  of  those  large  extents  of  globe 
surface  affected  by  great  earthquakes,  such  as  that  of  Lisbon  in 
1755,  which  can  be  very  conveniently  defined  in  this  manner.  Such 
earthquakes,  and  indeed  many  others,  have  usually  been  represented 
as  extending  over  an  ellipsoidal  or  circular  space.  This  mode  of  defi- 

nition can  only  be  approximative,  and  when  the  limits  are  at  all 
accurately  determined,  the  surface  affected  usually  presents  a  polygonal 
form.  Thus  the  great  earthquakes  of  1811-13  are  marked  on  Berg- 
haus'  map  as  extending  over  a  triangular  space,  having  for  summits 

the  Azores,  the  valley  of  the  Ohio,  and  !N^ew  Granada,  that  is  to  say, a  polygonal  form  capable  of  being  defined  by  segments  of  great  circles. 
The  northern  side  of  this  triangle  corresponds  fairly  with  the  great 

circle  (No.  55)  axis  of  Bay  of  Eundy,  which  runs  from  Madeira  to 
Omaha  (Nebraska  State),  about  the  extent  of  that  side  of  the  triangle. 
It  might,  therefore,  be  correct,  and  would  be  convenient,  to  refer  and 
define  earthquakes  relatively  to  the  great  circles  along  which  or  near 
the  intersections  of  which  they  occur.  This  I  have  done  in  the  present 
memoir  for  the  Central  Saxony  earthquake  district,  so  remarkably 
connected  with  the  great  circle  directions  No.  50  and  No.  2,  and 

parallels. 
I  have  also  taken  the  records  for  1870-78,  and  referred  the  suc- 

cessive earthquakes  to  great  circle  directions  with  very  interesting 
results ;  and  in  certain  cases,  where  the  limiting  points  are  given,  the 
concordance  of  the  boundaries  of  the  locality  affected,  with  the  coast- 

line directions  passing  thereat,  is  very  remarkable. 
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Of  the  lines  correlated  witii  the  great  circles,  and  marked  on  the 

map,  the  folio-wing  are  the  most  remarkable  : — 

Great  Circles. Lines. 

'Angle  of 

Correlation. 

"With  No.   5.  — Coast  of 
Syria. 

With  No.  16.— East  Coast 
of  England. 

With  No._6.— West  Coast of  Africa. 

With  No.  32.— North-east 
Coast  of  Persian  GuK. 

Axis  of  Cyprus,  .... 

Black  Sea  Coast,  Envu'ons  of  Kerasun 
and  Trebizonde,  .... 

North-east  Coast  of  Black  Sea,  Cir- 
cassian Coast,       .... 

West  Coast  of  Caspian  Sea,  between 
mouths  of  Volga  and  Gulf  of 
Kama,         ..... 

Volga  Course,  between  Tzaritzin  and 
Caspian  Sea,        .         .         .         . 

Volga  Course,  between  Tzaritzin  and 
Kamishin,    .         .         .         .         . 

Ural  Eange,  from  Shadmatra  to 
Ekatermburg,       .... 

Ural  Eange,  north  of  Shadmatra, 

North  Coast  of  Lapland  and  Timan 
Eange,         .         .         .         .         . 

East  Coast  of  Black  Sea,  between 
Anaklia  and  Fort  Santa  Nickolai, 

Catania,  Coast  of  Sicily,   and  West 
Coast  of  GuK  of  Taranto, 

Murcia  Earthquake  Zone, 

Ebro  E.  VaUey  Line  (an  Earthquake 
Line),   

Line  joining  Bosphorus  and  South- 
east Coast  of  Crimea  (an  Earth- 

quake Line),         .         .        .         . 

South-east   Coast  of  Adriatic,   from 
,A^  Aolona  to  Alessio, 

40°. 

70°. 

70°. 

Parallel  to. 

70°. 

Parallel  to. 

40°. 

Parallel  to. 

70°. 
40°. 

40°. 

70°. 

40°. 

70°. 

80°. 
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Great  Circles. Lines. Angle  of Correlation. 

"Witli  No.  51.— East  Coast 
of  Sweden. 

'WitliNo.  52.— West  Coast 
of  Sweden. 

Coast  of  Tripoli,  from  Jerba  Is.  to 
C.  Mesurata. 

South  Coast  of  GiJi  of  Sidra,  from 
Zafran  to  Kudia, 

North-west  Coast  of  Gulf  of  Cabes, 

Line   joining    Kalibia    (Cape   Bon) 
Malta  and  Barca  Coast, 

Soutb  Coast  of  Sicily, 

South    Coast    of    Gulf    of    Finland 
(Narva  Bay), 

Southern    Shore    of    Lake    Farouri 

(Tunis),       .... 

South  Coast  of  Crete, 

Coast  of  Egypt,  fi'om  Milhr  Bay  to 
Galla  Bay,  .... 

Axis  of  Euboea  Is.,  .         .         .         . 

Axis  of  Lake  "Wetter, 

East  Coast  of  (Eland  Is., 

East  Coast  of  L.  Wener  and  Axis  of 
Porsanger  Fiord, 

General   direction   of  Kiolin  Moun- 
tains, ..... 

80°. 

80°. 
40°. 

80°. 70^ 

70°. 

70°. 

70°. 

70°. 40°. 

40°. 

40°. 

40°, 

40°. 
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LXXIII. — A  Geometeicai  Eepeesentatiok  of  a  Systeit  of  Two 

Bi^J^AEY  Cubics  a^d  theik  Associated  Foems.  By  "W.  R.  Westeopp EOBEBTS,  M.A. 

[Read,  November  14,  1881.] 

I. 

The  object  of  this  Paper  is  to  invest  with  a  certain  geometrical  meaning 
the  algebraic  forms  arising  in  a  system  of  two  binary  cubics,  that  is, 
to  construct  geometrically  points  which  shall  represent  the  linear,  qua- 

dratic, cubic,  and  quartic  covariants  of  the  system,  and  to  express  the 
Yanishing  of  invariants  by  geometrical  relations  connecting  such  points. 
We  may  consider  any  binary  quantic  as  derived  from  a  system  of  three 
surfaces  by  assuming 

equations  which  in  themselves  imply,  by  elimination  of  x^^  and  X2,  two 
fixed  relations  between  X,  Y,  Z,  W,  denoting  a  fixed  curve  in  space, 

w^hile  the  given  binary  quantic,  equated  to  zero,  enables  us  to  obtain 
a  third  such  relation.  The  transformation  here  employed  is  one  in 
which  ̂ 1,  <^2)  ̂ 3)  4>i  ̂^6  cubic  functions  of  Xi  and  Xo.  By  linear  trans- 

formation this  substitution  is  reducible  to 

the  fixed  curve  in  this  case  being  evidently  a  twisted  cubic.  The 
equation  of  an  osculating  plane  of  the  curve,  the  parameter  of  the 

corresponding  point  of  which  is  Xi :  x^,  being  (Salmon's  Geometry  of 
Three  Dimensions,  Art.  368) 

Xx.?  -  3  Kpj^i^  +  ̂ Zx^~Xo  -  xi^  7F=  0, 

the  parameters  answering  to  osculating  planes  through  any  point  0, 

the  co-ordinates  of  which  are  X',  Y',  Z',  W,  are  given  by  the 
equation 

xiX'  -  3  Y.  x^x^  +  2>Z'.  Xy^X2  -  x^'  W  =  0, 

the  points  of  contact  lying  in  the  plane 

XW  -3YZ'+Z  Y'Z-  TFX'  =  0. 

But  this  plane  passes  through  0,  the  given  point.  To  any  plane, 
then,  corresponds  a  point  0,  the  point  of  intersection  of  the  osculating 
planes  at  the  points  where  it  meets  the  curve — a  point  which  plays  an 

2X2 
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important  part  in  the  following  investigation.  It  can  readily  be  shown 

that  if  a  point  0'  lie  in  the  plane  corresponding  to  a  point  0,  then 
0  lies  in  the  plane  corresponding  to  0',  and  the  line  joining  0  and  0' 
possesses  a  certain  invariant  relation  to  the  curve.  Also  the  locus  of 
the  corresponding  points  of  planes  passing  through  a  given  line  is  a 
right  line,  which  may  be  called  the  corresponding  line  to  the  given 
one,  their  relation  being  reciprocal. 

Let  us  now  consider  the  binary  cubic — 

f=  aoX-^  +  ZttiX-^x'-  +  da^XiX.?  +  a^ xi  =  a/  =  b/  - c/,  Sec, 

adopting  Clebsch's  notation. 
By  our  transformation  the  binary  cubic  is  transformed  into  a  plane 

/,  the  equation  of  which  is — 

«oX+  Sffi  Y  +  3a^Z+  a,  W^  0. 

Now  it  can  be  easily  shown  that  the  corresponding  point  of  this 
plane  is  given  by  the  equations 

We  shall  call  it  the  point  0. 

II. 

It  is  known  that  through  any  point  0  in  space  can  be  drawn  one 
chord,  meeting  the  curve  in  two  points.  Let  us  now  determine  these 
points,  being  given  the  point  0. 

The  co-ordinates  of  the  line  joining  the  points  on  the  curve,  the 
parameters  of  which  are  Xi :  X2,  y\ :  y-ii  respectively,  are  easily  found 
to  be — 

a  =  Ao  Aa,  /=  4 Ai-  -  Ao  A2, 

^  =  2AiA2,         ̂ --2AiAo, 

c  =  Ao'^,  h  =  Ao^, 
where 

Ao  =  xoy2,  ̂ \  =  ̂ iy2  +  yi^2,  ̂ 2  =  Xiyi. 

Now  take  two  equations  of  the  chord,  viz. : — 

aX+bY+cZ  =0, 

hY-fZ+aJF=0, 

and  these  furnish  us  with — 

AoX+2Air+Ao^=0, 

Aor+2Ai^+A2  7r-o. 
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If  we  now  suppose  X=a^,  Y=-a2,  Z=ai,  W=  -Uq,  tlie  equation 
determining  the  parameters  of  the  two  points  in  which  the  chord 

through  0,  the  corresponding  point  of/,  meets  the  curve  is — 

{oq tto,  -  a-c)  x^~  +  ((?o  c-z  -  di  a^)  i^i^2  +  (^1  «3  -  ciz)  a^a'  =  0. 

But  this  is  the  equation  of  the  Hessian  of/,  or — 

A/  =  Ao  ̂-  +  2  Ai  A'l  3^2  +  An  iTj- .  , 

Thus,  then,  to  the  Hessian  of  /  correspond  the  two  points  in  which 
the  chord  through  0  meets  the  curve. 

III. 

I  shaU  now  show  that  the  plane  /  passes  through  the  line  of  inter- 
section of  the  osculating  planes  at  the  two  Hessian  points.     To  prove 

this,  let  us  .find  the  equation  of  the  plane  through  0  and  this  line. 
"      Let 

X',  Y',  Z',  W ;     X",  Y",  Z",  W", 

be  the  co-ordinates  of  the  two  Hessian  points,  respectively,  then  the 
equation  of  such  a  plane  must  be — 

'XiXW -3YZ'  +  SZr-  WX') -ix{XTF" -  3 YZ"  +  SZY"-  WX")  =  0, 

where 

fji=aaX'  +  8a,Y'  +  3a.  Z'  +  a^W. 

Eemembering  that 

Xiyo  +  1/1X2  =  a^a^i  —  aitto, 

Xoyo^aQtto-  tti, 

we  find,  dividing  by  a  factor  y^x^  -  Xyy.^,  that  the  equation  of  the 
sought  plane  is — 

R{a^X+Za^Y\3a2Z\a3W]  =0. 

Hence  the  plane /passes  through  the  line  of  intersection  of  the  oscu- 
lating planes  at  the  Hessian  points.  If,  then,  the  chord  through  0 

meet  the  cubic  in  real  poiats,  the  plane  /  must  meet  it  in  two  ima- 
ginary points,  since  the  binary  cubic  is  then  the  difference  of  two 

cubes. 
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lY. 

Let  us  now  determine  the  co-efficients  of  tlie  plane 

X{XW'  -3YZ'+  ZZY'  -  WX')  +  fjL{XJF"  -  3  YZ"  +  ZZY"  -  WX")  =  0, 

and  we  find,  after  a  few  obvious  reductions,  that  it  becomes — 

^{{aottz  -  Saoaia-z  +  2a^)X+S{aoaias  +  ttiUo  -  2aaCio^)  Y+  3{2ai^a3  -  at^a^a^ 

'  - axa-i^Z-\- (3aia2fi'3 - fl'o a^  - 2a^) W]  =  0, 

but  this  is  the  cubic  covariant  plane  Q. 

"We  see,  then,  that  the  planes /and  Q  are  harmonically  conjugate with  regard  to  the  osculating  planes  at  the  Hessian  points,  and  that 
since  the  Hessian  of  the  cubic  Q^  is  the  same  as  that  of  «/,  the  cor- 

responding point  of  the  plane  Q  lies  on  the  chord  through  0,  and  is 
the  harmonic  conjugate  of  0  with  regard  to  the  Hessian  points. 
Hence,  to  the  cubic  covariant  corresponds  the  plane  through  the  inter- 

sections of  the  osculating  planes  at  the  Hessian  points  and  the  har- 
monic conjugate  on  the  chord  through  0  of  the  same  point  with  regard 

to  the  Hessian  points.  Again,  if  the  point  0  lie  at  one  side  of  the 
developable  generated  by  tangent  lines  to  the  cubic  curve  from  which 
a  real  chord  can  be  drawn,  two  of  the  roots  of  the  binary  cubic  are 
imaginary ;  if  the  point  0  lies  on  the  developable,  two  roots  are 
equal ;  and  if  at  the  other  side,  from  which  a  real  chord  cannot  be 
drawn,  all  the  roots  are  real. 

Y* 

"We  can  now  discuss  the  system  of  two  binary  cubics  and  their 
associated  forms,  and  shall  adopt  the  notation  of  Clebsch  in  our  inves- 

tigation. Let  then  /  and  <^  denote  the  two  cubics,  A  and  v  their 
Hessians,  Q  and  ̂   their  cubic  covariants,  and  R  and  P  their  discrimi- 

nants, f     "We  have  then 

f  =  a^x^  +  3ai x^Xi  +  3«2^i ^2^  +  ttzX:i  =  a^  =  h^  =  c^  =  &c. ; 

<f)  =  o-qX-^  +  Sai^^i^ifs  +  SaoS^-a^o^  +  a^X'?  =  a/  -  j3,f  =  y/  =  &C. 

There  is  one  quartic  form,  (ffa)  a^a^,  which  we  shall  first  discuss. 
The  co-ordinates  of  the  line  of  intersection  of  the  planes  /  and  ̂   are, 

h  =  3  (flfias  -  ttop-i),  g=  3  {ao,ao  -  aoo^), 

c-3{aoa3-a3a2),  h-3(aoai-  aio^j), 

*  See  Note  at  end  of  this  Paper. 
t  The  reader  is  referred  to  Clebsch's  TJieorie  der  Bindren  Algebraischen  Formcny 

§  61.  Vollstandiges  System  zweier  cubischen  Formen. 
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wMle  the  co-ordinates  of  a  tangent  line  are 

a  =  Xx'x^,  f=  Zxx'X'i, 
h  =  -  2x^X2,  g  =  Ixx  x^, 

c  =  a;/,  h  =  Xo^. 

Forming  then  the  well-knoTSTi  condition  that  these  lines  should  meet, 
we  find 

Xi^{aoai  -  oofli)  +  2Xi^Xn{aoa2  -  a^ao)  +  x^xi[aQaz  -  OzOc  +  3(fl«ia2 -  Oiffo)} 

+  2x{ai ai -  tti a^)  Xi x.?  -^{ana^-a^ a,)  a?2*  =  0, or, 

{aa)  a^a^  =  0. 

Hence,  to  the  Jacobian  of /and  ̂   correspond  the  four  points  on  the 
curve,  the  tangents  at  which  meet  the  line/,  ̂ . 

It  is  to  be  observed  that  these  four  lines  also  meet  the  line  corre- 
sponding to  the  line/  <^.  The  Jacobian  is  thus  geometrically  shown  to 

be  a  combinantive  covariant,  since  it  depends  only  on  the  position  of 
the  line  /  ̂. 

YI. 

In  addition  to  the  forms  /  and  <^,  and  their  cubic  covariants,  there 
are  two  cubic  forms, 

(«V)«^^V-.>  (aA)a^-A^, 
which  we  now  discuss. 

Since  the  cubic  covariant  of  the  binary  cubic  is  the  evectant  of  its 
discriminant,  it  follows  easily  that  the  cubic  covariant  plane  is  the 
polar  plane  of  the  point  0  with  regard  to  the  developable. 

By  taking  the  polar  plane  of  a  point  on  the  line  0  0'  we  find  it  to be  of  the  form 

\^  Q  +  X-jxq^  Xfx-k  +  ix^K=  0. 

Hence  we  have  two  new  planes,  q  and  k,  giving  rise  to  two  cubic 
covariants  in  the  binary  system,  the  leading  terms  of  which  are 

dQ         dQ         dQo         dQ^ 
g-O  =  do  -3-  +  tti  -— -  +  Oo  -y-^  +  as    -J-, 

dao         acii  da-  aUi 

dK^        dKo        dKo         dK 

Q/Oq         aai  ci(X2  ao-i 

where 

^0  =  Co'^z  -  3<ro  ai  a.  +  2^^ , 

£o=  CLQ-a^—  Soq  01102  +  2o.i'. 
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iJv'oTV  it  is  easy  to  shoTr  that 

[aoa^-a^oQ  -  3  (<ri 03  -  tti c-,) } <?o 

=  6{aoAi      -a-iAo}  T-(r?a/f?o  : 
lience 

And  in  tiie  same  Tvay 

"VTe  have  noTV  expressed.  ̂   and  k  in  terms  of  Clebscli's  forms,  and 
can  represent  tliem  as  follQYrs  : — Tiie  covariant  q-^  is  transformed  into 
a  plane  -^'Hcli  is  the  polar  plane  of  (y  Trith  resard  to  the  polar  quadiic 
of  0. 

In  lite  manner  k^  is  transformed  into  a  plane  which  is  the  polar 

plane  of  0  with  regard  to  the  polar  quadi-ic  of  &.  These  theorems 
ai'e  immediate  algebraic  conseq_uences  of  the  method  of  generation  of 
the  covaiiants  q  and  J:. 

Til. 

"W'e  now  discuss  Clebseh's  two  linear  covariants  _/;;^  and  tt^. 
If  through  a  point  X,  Y,  Z,  W.  and  two  points  on  the  curve,  the 

parameters  of  wMch  are  given  hy  the  equation 

A,=  =  Ac^v  -r  2\xix.  -^  Ao^r.-  -  0, 

we  di'aw  a  plane,  it  will  meet  the  cuiwe  in  a  third  point  determined 
by  the  equation 

Xi  { Ao  Y^  2 Ai^-^  A.  W]  +  X.  { AoX -f  2Ai  Y^\.Z]=0. 

And  if  we  suppose  that  A  is  the  Hessian  of  /,  and  that  the  point 

X,  Y,  Z,  TFis  the  corresponding  point  0'  of  the  plane  ̂ ,  we  find  the 
above  equation  becomes 

(Aa)-a^  =  0,  or_/;^  =  0. 

Hence  the  linear  covariant  p^  is  represented  by  the  point  in  which 

a  plane  thi'ough  0',  and  containing  the  chord  thi'ough  0,  meets  the 
curve,  a  similar  construction  representing  tt^,  where  ~^  =  {\a)-a^. 

Till. 

"We  now  turn  to  the  quadratic  covariants.  The  equation  deter- 
mining the  pai'ameters  of  the  points  in  which  a  chord  through  any 

point  on  the  line  00'  is 

,VA/-2.V.0/-r/.=  v.'  =  O. 
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The  forms  A  and  v  have  been  discussed  before,  and  it  remains  to 

attach  a  geometrical  meaning  to  ®J'  =  {aaya^a^.  E'ow,  from  any  given point  on  the  curve  can  be  drawn  two  chords  which  will  meet  the  line 

00',  the  above  equation  in  X :  //,  determining  the  points  of  meeting  on 
0  0' ;  if,  then,  the  co-efficient  of  A/x  is  zero,  the  chords  drawn  from  the 
given  point  meet  the  line  00'  in  two  points  harmonically  conjugate 
with  regard  to  0  and  0' . 

Hence  0^^  is  represented  geometrically  by  the  two  points  on  the 
curve ;  the  chords  from  which,  to  meet  the  line  0  0',  divide  it  har- 
monically. 

IX. 

Let  us  now  determine  the  tangent  lines  to  the  curve  which  meet  a 
line  through  X,  Y,Z,  W,  and  a  point  on  the  curve  the  parameter  of 
which  is  Xi  :  Xn. 

The  co-ordinates  of  a  line  through  X,  Y,Z,  W,  and  a  point  x-^  :  x-^ 
on  the  curve,  are 

a  =  xr~ xJZ  -  x^xo!^  Y,       /=  x^^  W     -  Xxo!\ 

h  =  x{  x.r-X-  x(^Z,  (J  -  x'-xJ  TF  -  Xx,'\ 

c  =  x,'^Y       -x,'-x^X,      h  =  x^x.!^W-Zx^\ 

forming  the  condition  that  this  line  may  meet  a  tangent  line,  the  co- 
ordinates of  which  are  given  by  Y.,  and  dividing  by  a  factor 

we  find 

x^^ ( JTx^'  -  Zx.^)  +  2xiX2{  YxJ  -  Zx{)  +  ( Yx(  -  Xxi) x\  =  0. 

Suppose  now  the  point  X,  Y,Z,  TF  to  be  the  point  0,  and  the  point  on 

the  curve,  the  point  j^^  or  (Aa)-a^,  the  above  equation  becomes 

Xi~.  ittax'  +  a^x-l)  +  2^1:^2.  {a^xl  +  aox-l)  +  [a^x-l  +  a^iXn^j  x^  =  Q\ 

or  {ap)a^  =  0.     "We  can  easily  express  this  in  terms  of  Clebsch's  forms as  follows  : — 

hence  2(®A)®,- («a)%ffl;^(aA)  + a^(«A)}; 
therefore  2  (0  A  )®^^^  =  a^{a^){aa){aa)  H^^ 

+  («a)^(flA)aj.A^  = 

«^(fla)(aA){(?^(Aa)  +  a^(«A)}  +  (aa)^(«A)a,A, 

=  -  a,\aa)  (Aa)2.     (See  Clebsch,  §  34.) 

Hence  {pa)  a/  =  2  (0A)  0^  A^. 

The  three  remaining  quadratic  covariants  are  constructed  as  fol- 
lows : — 



528  Proceedings  of  tlie  Royal  Irish  Academy. 

Through  0  and  the  point  p  on  the  curve  draw  a  line ;  then  the 
two  points  on  the  curve,  the  tangents  at  which  meet  this  line,  represent 
the  quadratic  covariant  (0A)Aj;0^.  In  the  same  manner  the  covariant 
(0v)0a;Va:  is  represented,  while  (Ay)  A^Vx  is  represented  by  the  points, 

the  tangents  at  which  meet  the  line  Oir  or  the  line  O'^j. 

"We  shall  now  discuss  the  six  remaining  linear  covariants. We  saw  that  the  linear  covariant  obtained  by  drawing  a  plane 
through  the  corresponding  point  of  a  plane  resulting  from  a  binary 

form  a^^,  and  two  points  on  the  curve  given  by  the  equation  A/  =  0, 

was  (Aa)-a^.  IS'ow,  if  we  substitute  ̂ for  a,  we  find  {^K)~K„  which, 
is  Clebsch's  form. 

To  represent  the  covariant  {^K^K^,  di'aw  a  plane  through  the 
chord  through  0,  and  passing  through  K,  the  corresponding  point  of 
the  plane  K,  this  plane  will  meet  the  curve  again  in  the  required 

point.   By  a  similar  construction  the  covariant  (v  Q)"  Qx  is  represented. 
XI. 

"We  now  show  how  to  represent  the  forms  (7rv)Vx  aiid  {pii>)^^. We  have  shown  how  to  construct  the  two  points  corresponding  to  the 
form  (©A)  A;^©^.,  which  we  shall  call  for  the  moment  p/,  and  we  know 
(VII.)  that  the  linear  covariant  derived  by  drawing  a  plane  through, 
the  two  points  given  by  p,/=  0  and  a  third  point  a  is  {pdf  a^.     JSTow, 

p:^    =  (©A)©.A.; 

therefore  (p^)^=  (©A)  (©«)  ( A(?)  ; 
but  (ffA)fi!y«^Aj,=  («A)«/A^; 

therefore  {pa)~ar=  («A)  (a©)^Aj.. 
Now,  P:c  =  -  2{®ayax ; 

therefore  (i'A) A^,  =  -  2(©«)-  («A)  A  ; 
therefore  {pafa,.  =  --t(fjA)A^. 

Hence  ch-aw  a  plane  through  0  and  the  two  points  given  by  the 
equation  (QA)A;,Q^=0,  which  Avill  meet  the  curve  in  a  third  point 
representing  the  linear  covariant  (^A)A^. 

In  the  same  way  the  form  (7rv)Vx  is  represented. 
XII. 

The  two  remaining  linear  covariants  may  be  represented  as  fol- 
lows : — Construct  the  corresponding  point  of  the  plane  containing  the 

chord  through  0  and  the  point  0' ;  the  plane  meets  the  curve  in  points 
given  by  the  equation  A^-^j?^  =  0,  which  we  shall  call  Rj^  =  A/^;^ ; 
through  the  corresponding  point  of  the  plane  and  the  chord  through 

0'  draw  a  plane,  meeting  the  curve  in  a  third  point  given  by  the 
equation 

{R^YR,  =  0. 
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Now  It;  =  A,/p./, 

therefore  ^R,;R^  =  2  Aj^A^^jy^  +  A/^;^ , 

or  3(i2vy-^.  =  2(Av)A,(iJV)  +  (^V)V., 

which  expresses  {R-^yR^  in  terms  of  Clebsch's  forms. 
In  the  same  way  we  can  represent  the  form 

2(7rv)(Av)Vx+(vA)V.. 

XIII. 

"We  now  turn  to  the  invariants,  of  which  there  are  seven,  two being  combinative. 
Let  us  seek  the  condition  that  the  point  0  may  lie  in  the  plane  <p, 

and  we  know,  by  what  we  have  proved  in  I.,  that  when  this  condition 

is  fulfilled,  0'  lies  in  the  plane  /. 
Expressing  the  condition  that  the  point  a-^,  -  «,,  ai,  -«o  niay  lie  in 

the  plane  ao^+  3ai F+  ̂ a^Z+  a.,W=0, 

we  find  {aaf-0,  or  /=  0. 

Hence  J  vanishes  when  0  lies  in  the  plane  of  </> ;  but  in  this  case  the 
line/,  <^,  becomes  identical  with  its  corresponding  line,  and  this  rela- 

tion is  evidently  combinative,  since  it  depends  only  on  the  line  /,  ̂. 

0  =  0  is  the  condition  that  must  be  satisfied  in  order  that/+i-^ 
may  become  a  perfect  cube ;  hence,  when  it  vanishes  it  will  be  possible 
to  draw  an  osculating  plane  through  the  line/,  <^,  and  for  the  same 
reason  as-before  this  relation  is  combinative.  It  is  easy  to  see  also 
that  when  O  vanishes  that  the  Kne  corresponding  to  /  0,  or  the  line 
0  0'  meets  the  curve. 

Now,  Clebsch  has  shown  analytically  that  2Q,  =  {p-),  and  we  can 
show  geometrically  that  when  O  vanishes,  or  that  when  the  line  00' 
meets  the  curve  in  a  point  0",  that  the  points  ji;  and  tt  coincide.  The 
point  p  is  the  point  in  which  a  plane  containing  0'  and  the  chord 
through  0  meets  the  cuj-ve  again ;  but  this  plane  contains  the  line 
0  0',  which,  by  hypothesis,  meets  the  curve  in  0"  ;  hence,  when  0  =  0, 
p  coincides  with  0",  and  in  like  manner  tt  is  shown  to  coincide  with 
0",  and  therefore  with  p. The  two  discriminants  have  been  discussed  before  as  the  conditions 

that  the  points  0  and  0'  should  lie  on  the  developable  formed  by 
tangent  lines  to  the  curve,  respectively. 

We  now  come  to  the  invariants 

%  =  {aKy  =  {®^r, 

Now  it  is  easy  to  see  that  2  is  the  condition  that  0  should  lie  in 
the  plane  K,  or  that  the  line  /,  K  should  coincide  with  its  own  con- 

jugate. *S',  in  like  manner,  is  the  condition  that  0'  should  lie  in  the 
plane  Q. 
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It  remains  to  discuss  the  invariant  T=  (Ay)^.  The  yanishing  of 

this  invariant  may  be  geometrically  expressed  in  various  ways.  "When T=  0,  the  planes  through  any  chord  and  the  four  points  in  which  the 

chords  through  0  and  0'  respectively  meet  the  curve,  form  a  har- 
monic system.  Again,  when  T=  0,  the  polar  quadric  of  0  passes 

through   0',  and  V'ice  versa. 
In  this  investigation  I  have  adopted  throughout  the  notation  and 

procedure  of  Clebsch,  which  lends  itself  more  readily  than  other 
methods  to  the  identification  of  binary  forms  with  their  geometrical 
significations. 

KOTE  ADDED  TK   THE  PEESS. 

Eor  convenience,  I  give  a  list  of  the  invariants  and  covariants  of  a 
system  of  two  cubics,  of  which  there  are,  according  to  Clebsch  and 
Gordan,  twenty-eight  forms  in  all,  and  which  I  discuss  geometrically. 

Professor  Cayley  has,  however,  drawn  my  attention  to  the  fact 

that  two  of  the  linear  covariants  {xa^a?  and  xa^a^)  of  Clebsch  and  Gor- 
dan  have  been  shown  to  be  non-fundamental  by  Professor  Sylvester. 

See  Sylvester's  "  Tables  of  the  Generating  Punctions,"  Araerican 
Journal  of  Mathematics,  t.  ii.  (1879.) 

Table  of  Covariants  and  Invariants  of  a  System  of  Two  Ckibics. 

Seven  Invariants — 

aa ;         «*,  a^a,       a^  a?,       aa?,       a* :  a^  a?. 

{aay;  (AA7,  (A0)^  (A^f,  (V®)^  (vVT,  (®A)  (®v)  (Ay)- 
Six  Linear  Covariants — 

xa'^a,        xaa? ;  xa^a,  xa^  a',         xdr  a?,  xac&. 

(Aa^-a,,  (v«r-«.;   (aA)^-(aA')A'„  {Q^J  Q,  {K^fK,  («v)H«V')  Vx'- 
Six  Quadratic  Covariants — 

x'^a',  x-aa,  arar,      o?c?a,  x-a-ar,  x-aa?, 

A,^    ®:-,    v.'(A®)A,0.,  (Av)A,v.,  (V®)v/.0.- 
Six  Cubic  Covariants — 

x^a,  a? a,  a?c^,       a?(C'a,  x^aar,      xr'a?. 

«/,    a/,    Q.?,    (Aa)A.a/,  (v«)V.^/,  K'- 
One  Quartic  Covariant — x^  aa. 

{a  a)  a  J' a/. 
In  this  Table  I  have  identified,  at  the  suggestion  of  Professor  Cay- 
ley, the  Covariants  given  by  Sylvester,  with  the  notation  of  Clebsch 

and  Gordan. 
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LXXIY. — Repoet  ox  the  BoiAirr  oe  the  MouxTArN-ous  poetio::^'  of 

Co.  Peemats^agh  to  the  avest  op  Lotjgh  Eene,  a.s'd  the  adjoentikg- 

disteict  of  Co.  Cavais".  By  Samuel  Alexa'N'dee  Stewakt,  Fellow 
of  the  Botanical  Society  of  Edinburgh,  Curator  of  the  Collections 

in  the  Museum  of  the  Belfast  !N'atural  History  and  Philosophical 
Society. 

[Eead,  February  27,  1882.] 

The  region  to  which  this  Eeport  has  reference  is  included  in  two 
counties,  Cavan  and  Fermanagh,  and  lies  near  the  western  extremity 

of  District  X.  of  the  "  Cybele  Hibemica."  That  portion  of  Fer- 
managh situated  near  the  western  and  south-western  boundaries  of 

the  county  possesses  a  more  diversified  surface  than  the  eastern 
portion,  and  the  numerous  ranges  of  hills  attain  a  much  higher 
elevation.  Even  here,  however,  except  where  it  adjoins  Cavan,  it 
can  scarcely  be  called  mountainous,  but  rather  hilly  and  rocky. 
At  Drumbad,  near  Lough  Melvin.,  on  the  extreme  west  of  Fer- 

managh, there  is  an  elevated  plateau,  extending  for  several  miles, 
where  the  hill-tops  rise,  in  places,  to  over  1000  feet.  This  is  the 
northern  end  of  a  system  of  hills  and  highlands  that  stretches 

southwai'ds  to  Lough  Macnean,  and  the  borders  of  county  Cavan, 
culminating  in  Belmore  Mountain,  near  Belcoo.  Belmore  has  an 
altitude  of  1312  feet,  while  several  other  summits,  at  this  end  of 
the  range,  attaia  to  heights  of  1000  to  1200  feet.  On  passing  over 
the  boundary,  and  entering  the  north-west  side  of  Cavan,  the  coun- 

try becomes  more  decidedly  mountainous ;  several  summits  approach 
2000  feet,  and  Cuilceagh  exceeds  that  altitude.  The  rock  strata  consist, 
at  the  lower  levels,  of  carboniferous  limestone,  rising  to  somewhere 
about  1000  feet;  the  rock  being,  in  many  places,  exposed  in  low 
cliffs  and  crags,  which  often  impart  a  picturesque  aspect  to  scenery 
otherwise  tame.  Superimposed  on  these  rocks  we  find,  at  higher 
elevations,  thin  beds  of  black  shale,  capped  by  massive,  thick -bedded, 
sandstones  and  grits,  forming  a  series  of  bare,  bleak,  uninviting 
mountains,  unproductive  alike  to  the  botanist  and  the  agriculturist. 

Though  the  Shannon  has  here  its  origin,  yet  there  is  no  river  of  any 
magnitude  flowing  through  the  district ;  but  many  small  lakes  lie  in 
rocky  hollows  amongst  the  hills,  while  more  extensive  sheets  of  water 
stud  the  surface  of  the  level  country  in  all  directions.  It  will  be 
observed  that  the  number  of  plants  in  the  present  list  is  not  very 
large,  a  result  which  is  due  to  several  causes.  The  district  being 
altogether  inland,  plants  of  the  seashore,  and  those  that  prefer  the 
proximity  of  the  coast,    are   absent.     The   number  is   still  further 
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restricted  by  the  nature  of  the  ground  over  ■which,  my  observa- 
tions extended,  which  is  almost  entirely  heathy  and  rocky,  agricul- 
tural weeds  being  thereby,  to  a  great  extent,  excluded.  Nevertheless, 

there  still  remains  the  fact  that  a  great  degree  of  sameness  was  found 
to  characterize  the  vegetation  all  over  these  mountains,  and  that  the 

plants  which  have,  in  Britain,  the  widest  range  immensely  prepon- 
derate. This  will  be  shown  if  we  analyze  the  list  which  follows,  and 

compare  its  constituents  with  the  entire  Irish  flora,  as  given  in  the 

"  Cybele  Hibernica."  For  the  sake  of  clearness  I  shall,  in  stating 
the  proportions  as  regards  the  prevalence  of  the  several  British  types, 
disregard  fractions ;  such  a  degree  of  exactness  not  being  essential, 
seeing  that  there  is  often  a  doubt  as  to  which  type  a  plant  should  be 

referred.  The  Irish  flora  contains  representatives  of  each  of  Watson's 
types  of  British  vegetation,  with  the  addition  of  a  "  Hibernian  type," 
or  a  group  of  plants  which  do  not  occur  in  Great  Britain.  None  of 
this  latter  group  are  included  in  my  enumeration,  and  plants  of 

Watson's  "Grermanic  type"  are  also  entirely  absent.  The  "Atlantic 
type"  forms  four  per  cent,  of  the  Irish  flora,  but  only  one  per  cent, 
of  those  on  my  list.  Plants  included  in  the  "  Highland  type  "  make 
five  per  cent,  of  the  species  given  in  the  "  Cybele  Hibernica,"  but 
only  two  per  cent,  of  those  in  our  district.  Plants  of  the  ''  Scottish 
type "  constitute  seven  per  cent,  of  Irish  plants,  but  three  per 
cent,  only  of  this  catalogue.  The  "English  type"  claims  about 
twenty-four  per  cent,  of  the  entire  Irish  flora,  but  only  five  per  cent, 
of  those  in  our  limited  area.  The  Leguminosce  and  Ldbiatm  are  espe- 

cially strong  in  plants  of  the  English  type,  but  the  paucity  in  this 
district  of  plants  of  these  orders  is  apparent  on  reference  to  the  sub- 

joined list.  Lastly,  the  "  British  type  "  of  Watson,  which  includes 
the  species  most  widely  spread,  and  usually  the  niost  abundant,  sup- 

plies about  fifty-eight  per  cent,  in  number  of  the  plants  of  Ireland, 
but  gives  a  proportion  of  eighty-nine  per  cent,  as  regards  this 
mountain  district  of  Fermanagh  and  Cavan. 

A  very  few  plants  which  flower  in  early  spring  were  not  seen 
by  me,  and  a  few  others  could,  no  doubt,  be  added  by  any  bota- 

nist having  more  protracted  opportunities  for  the  search;  but  the 
enumeration  here  given  may  be  taken  as  substantially  the  flora  of 
the  district  to  which  it  refers.  The  only  certain  addition  to  the 
Irish  flora,  here  recorded,  is  Potamogeton  %i%ii  (Roth),  which  I  found, 
in  small  quantity  only,  in  county  Fermanagh.  I  have  no  doubt, 
however,  but  that  this  segregate  will  be  found  in  other  parts  of  the 
country,  when  carefully  looked  for.  Professor  Babington  thinks  that 
a  bramble  which  I  found  in  Fermanagh  belongs  to  Ruhm  emersistylus 

(Mull.)  -  R.  briggsii  (Blox.)  As  the  specimens  gathered  are  rather 
scanty,  and  as  Professor  Babington  does  not  speak  with  absolute 
certainty,  there  must  still  remain  some  doubt  as  regards  this  form. 

As  this  is  an  interesting  plant,  not  previously  recognized  in  Ire- 
land, it  is  worthy  of  attention. 
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The  following  plants  are  additions  to  the  flora  of  District  X.,  not 

being  recorded  for  that  district  in  the  "  Cybele  Hibernica,"  nor  in  the 
Supplement  published  by  Mr.  A.  G.  More,  in  1872  : — 

Arahis  hirsuta.  Myosotis  ccBSjntosa. 
Sagina  nodosa.  Callitriclie  hamulata. 
Linum  catharticum.  Habenaria  viridis. 

Agrimonia  eupatoria.  S.  cMorantha. 
Mubus  emersistylus.  Potamogeton  %izii. 
Rosa  arvensis.  P.  pectinatus. 
Antennaria  dioica.  Scirpus  setaceous. 
Arctium  nemorosum.  Phleum  pratense. 
Sieracium  anglicum.  Airaflexuosa. 
a.  lasiopliyllum.  Cystopteris  dentata. 
Gentiana  campestris.  Char  a  aspera. 

LIST   OF   SPECIES. 

Ranunctjlace^  , 

Anemone  nemorosa  (Linn.) — Cavan  and  Fermanagh.     Shady  places  in 
the  hills. 

Ranunculus  flammula  (Linn.) — Cavan  and  Fermanagh.       IS'ot  at  all abundant. 

R.ficaria  (Linn.) — Cavan  and  Fermanagh.     Common  in  damp  shady 
places. 

R.  acris  (Linn.) — Cavan  and  Fermanagh.     Common,  and  sometimes 
very  luxuriant. 

R.  lulhosus  (Linn.) — Knockmore,  Co,  Fermanagh.    Not  very  common. 
!N"oTE. — I  met  with  none  of  the  Batrachian  Ranunculi. 

Caltha  palustris  (Linn.) — Cavan  and  Fermanagh.     Frequent  in  wet 
fields  and  marshes. 

!N"TMPHAEACEiE. 

Nymphcea  alba  (Linn.) — Cavan  and  Fermanagh.     Frequent. 

Nupliar  lutea  (Linn.) — Cavan  and  Fermanagh.     Frequent';  the  two 
water-lilies  seem  to  be  about  equally  abundant. 

CEIJCIFEBiE. 

Nasturtium  officinale  (R.  Br.) — Cavan  and  Fermanagh.      Common  in 
ditches  and  slow  streams. 

Arabis  hirsuta  (R.  Br.) — Yery  sparingly  on  the  limestone   cliffs  at 
Knockmore,  Co.  Fermanagh. 

Cardamine  hirsuta  (Linn.) — Cavan  and  Fermanagh.      On  walls  and 
waste  ground. 

C.  sylvatica  (Link.) — Cavan  and  Fermanagh.     Damp  shady  rocks. 
C.  pratensis  (Linn.) — Frequent  in  Cavan  and  Fermanagh.     Meadows 

and  damp  pastures. 
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Sisymbrium  officinale  (Scop.) — Cavan  and  Permanagh.     Eoadsides  and 
waste  places. 

AUiaria  officinalis  (Andrz.) — Co.  Fermanagh.     Occurs  on  limestone 
rocks  at  Knockmore,  and  occasionally  on  hedge  banks. 

Sinapis  arvensis  (Linn.) — Cavan  and  Fermanagh.     Fields  and  waste 

places. 
Capsella  lursa-pastoris  (D.C.)— Cavan  and  Fermanagh.     Hedge  banks 

and  waste  ground, 

YlOLACE^. 

Viola palustris  (Linn.) — Frequent  in  Cavan  and  Fermanagh.     Boggy 
ground  in  the  hills. 

V.  sylvatica  (Fries.) — Cavan  and  Fermanagh.     Common. 

Dkosekace^. 

Brosera  rotundifolia  (Linn.) — Cavan  and  Fermanagh.     Frequent  in 
peat  bogs. 

D.  anglica  (Huds.) — Legland  Mountain,  Co.  Fermanagh.     E,are. 
Parnassia palustris  (Linn.) — Knockmore  and  Carrick,  Co.  Fermanagh — 

Local.     Wet  rocky  places. 

POLYGALACE^. 

Poly  gala  vulgaris  (Linn.) — Cavan  and  Fermanagh.  Common  on  heaths 
and  dry  hilly  pastures. 

Caetophyilace^. 

Lychnis  flos-cucidi  (Linn.) — Cavan  and  Fermanagh.     Meadows   and 
damp  pastures. 

L.  diurna  (Sibth.) — Knockmore,  Co.  Fermanagh.     Scarce,  dry  shaded 
rocks. 

Sagina  procumbens   (Linn.) — Cavan   and  Fermanagh.      Damp  waste 
ground. 

>S'.  nodosa  (E.  Meyer.) — Co.  Fermanagh.      Eare ;    sparingly  by  the 
margin  of  Lough  Navar,  Drumbad. 

Stellaria  media  (Linn.) — Common  everywhere. 
S.  holostea  (Linn.) — Shady  rocks  at  Knockmore  ;  perhaps  common. 
S.  graminea  (Linn.) — Not  uncommon  in  Cavan  and  Fermanagh;  seen 

occasionally. 

Cerastium  glomeratum   (Thuil.) — Yery  abundant,    especially   on   the 
limestone  in  Cavan  and  Fermanagh. 

C.  triviale  (Link.) — Common  in  Cavan  and  Fermanagh,  but  less  abun- 
dant than  the  preceding  species. 

Spergula  arvensis  (Linn.) — Common  in  fields. 
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HypEEiCACE-a;. 

Sypericum  androscemum  (Linn.) — Marble  Arch,  &c.,  Co.  Fermanagli. 
ISTot  common. 

S.  perforatum  (Linn.) — Carrick,  Co.  Fermanagh.     Not  common. 
S.  pulchnmi  (Linn.) — Cavan  and  Fermanagli.      Common  on  heaths 

and  dry  banks. 

GrEEAKIACE^. 

Geranium  molle  (Linn. ) — Frequent  in  Cavan  and  Fermanagh. 
G.  lucidum  (Linn.) — Frequent  on  the  limestone  rocks  in  Cavan  and 

Fermanagh. 

G.  Rolertianum  (Linn.) — Cavan  and  Fermanagh.     Common. 

OXALIDACE^. 

Oxalis  acetosella  (Linn.) — Common  everywhere. 

Linages. 

Tiinum  catharticum  (Linn.) — Cavan  and  Fermanagh.     Common. 

Leguminos^. 

JIlex  europcBUS  (Linn.) — Cavan  and  Fermanagh.  But  not  at  all  abun- 
dant. 

TrifoUum pratense  (Linn.) — Cavan  and  Fermanagh.     Common. 
T.  re^i  'ns  (Linn.) — Common  eveiy where. 
T.  minus  (Sm.) — Common. 
Lotus  corniculatus  (Linn.) — Common  in  Cavan  and  Fermanagh. 
Anthyllis  vulneraria  (Linn.) — Enockmore,  Carrick,  &c.  Frequent  on 

the  limestone  rocks. 

Vicia  cracca  (Linn.) — Common  on  hedge  banks. 
V.  sepium  (Linn.) — Cavan  and  Fermanagh.     Frequent. 
Lathyrus  pratensis  (Linn.) — Cavan  and  Fermanagh.  But  not  at  all 

abundant. 

EOSACE^. 

Prunus  spinosa  (Linn.) — Common  everywhere. 
Spircea  ulmaria  (Linn.) — Frequent  througout  the  district. 
Agrimonia  eupatoria  (Linn.) — On  limestone  rocks  at  Knockmore,  Car- 

rick, &c. ;  but  not  common. 

Alchemilla  vulgaris  (Linn.) — Cavan  and  Fermanagh,     Frequent. 
A.  arvensis  (Linn.) — Cavan  and  Fermanagh.  Not  uncommon  in  cul- 

tivated ground. 

Potentilla  anserina  (Linn.) — Cavan  and  Fermanagh.  But  not  abun- 
dant. 

P.  tormentilla  (Nesl.) — Everywhere  abundant. 
P.  fragariastrum  (Ehr.) — Cavan  and  Fermanagh.     Frequent. 
Fraga/ria  vesca  (Linn.) — Common  on  the  hills. 
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Ruhus  idaus  (Linn.) — Limestone  rocks  at  Knockmore;  but  not  common. 
R.  discolor  (W.  and  N.) — Abundant.  This  is  the  common  bramble  of 

the  district. 

R.  Tcoehleri  ("Weihe.) — Frequent  throughout  the  district. 
R.  emersistylus  (MulL)=i2.  Iriggsii  (Blox.) — Specimens  which  I  gathered 

near  Derrygonnelly,  Co.  Fermanagh,  were  submitted  by  my 
friend  Mr.  T.  H.  Corry,  M.E.I.A.,  &c.,  to  Professor  Babington, 
who  kindly  examined  them,  and,  as  the  result  of  his  diagnosis, 
informs  us  that  he  thinks  them  to  belong  to  R.  Iriggsii.  It  is  un- 

fortunate that  a  suite  of  specimens  sufficient  to  place  the  species 
beyond  doubt  was  not  collected.  Brambles  are  sufficiently  abun- 

dant in  the  district,  but  with  less  than  the  usual  diversity  of 
forms. 

Dryads  octopetala  (Linn.) — Abundant  in  one  spot  on  the  summit  of  the 
limestone  cliiis  of  Xnockmore,  at  the  western  end.  This  plant  is 
evidently  the  var.  a.,  and  is  the  same  form  as  that  which  occurs 
on  Ben  Bulben,  having  the  sepals  beset  with  red  glandular  hairs. 

Geum  urhanum  (Jjinn.) — Cavan  and  Fermanagh.  Hedge  banks;  but 
not  abundant. 

G.  rivale  (Linn.) — Cavan  and  Fermanagh.  Frequent  on  margins  of 
streams. 

Rosa  tomentosa  (Sm.) — Cavan  and  Fermanagh.     Common. 
R.  canina  (Linn.) — Cavan  and  Fermanagh.     Common. 
R.  arvensis  (Huds.) — Co.  Fermanagh.  Sparingly  near  Florence  Court, 

on  old  road  leading  to  Swanlinbar. 

Cratmgus  oxyacantha  (Linn.) — Cavan  and  Fermanagh,     Common. 
Pyrus  aucvparia  (Gaert.) — Carrick  and  Drumbad,  Co.  Fermanagh. 

Onagkace^. 

Ppilolium  parviflorum  (Schreb.) — Cavan  and  Fermanagh.     Common. 
E.  montanmn  (Linn.) — Cavan  and  Fermanagh.     But  less  plentifully 

than  the  preceding  species. 

Circma  lutetiana  (Linn.) — Marble  Arch,  &c.,  Co.  Fermanagh. 

Haxoeagace^. 

Myriophyllum  alternijiorum  (D,  C.) — Carrick  Lake,  Co.  Fermanagh. 
PORTITLACE^. 

Montia  fontanel  (Linn.) — Cavan  and  Fermanagh.  Frequent  in  wet 
stony  places. 

Ceasshlace^. 

Cotyledon  umbilicus  (D.C.) — Co.  Fermanagh.     On  rocks  at  Carrick. 
Saxtpbagace^. 

Saxifraga  hypnoides  (Linn.) — Knockmore,  Co.  Fermanagh. 
Chrysosplenium  oppositifolium  (Linn.) — Cavan  and  Fermanagh.     Fre- 

quent on  wet  rocks. 
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TJMBELLITEKiE. 

Sanicula  europcsa  (Linn.) — Cavan  and  Fermanagh.  Knockmore,  Car- 
rick,  &c. 

Helosciadum  nodiflorum  (Koch.) — Cavan  and  Fermanagh.     Frequent. 
^gopodium podagraria  (Linn.) — Cavan  and  Fermanagh.     Common. 
JBunium flexuosum  (With.) — Cavan  and  Fermanagh.     Knockmore,  &c. 
(Enanthe  phellandriuni  (Lam.) — Co.  Fermanagh.  Slow  stream  at  west 

end  of  Carrick  Lake. 

Seracleum  spliondylmm  (Linn.) — Cavan  and  Fermanagh.  Common  on 
waste  ground. 

Torilis  a7it]iriscus  (Gaert.) — Cavan  and  Fermanagh.  Every  where  ahun- 
dant. 

Anthnsciis  sylvestris  (Hoffm.) — Frequent  in  Cavan  and  Fermanagh, 
hut  much  less  abundant  than  the  preceding. 

Hedeeace^. 

Seder  a  helix  (Linn.) — Cavan  and  Fermanagh.     Common, 

Capeieoiiace^. 

Vibwrnuni  opulus  (Linn.) — Carrick,  &c.     Frequent  in  Co.  Fermanagh. 
Lonicera periclymenum  (Linn.) — Cavan  and  Fermanagh.     Common. 

Etjbiace^. 

Asperula  odorata  (Linn.) — Cavan  and  Fermanagh.     Shady  places,  but 
not  abundant. 

Galium  aparine  (Linn.) — Cavan  and  Fermanagh.     Very  common. 
G.  verum  (Linn.) — Cavan  and  Fermanagh.     Common. 
G.  saxatile  (Linn.) — Cavan  and  Fermanagh.     Common  on  the  hills. 
G.  palustre  (Linn.) — Wet  places.     Common  in  Cavan  and  Fermanagh. 

Valeeianace^. 

Valeriana  officinalis  (Linn.) — Carrick,  &c.  Frequent  in  Cavan  and 
Fermanagh. 

DiPSACACEJE. 

Scabiosa  suceisa  (Linn.) — Cavan  and  Fermanagh.     Common. 

CoMPosiT-a;. 

Tussilago  farfara  (Linn.) — Cavan  and  Fermanagh.     Frequent. 
Bellis  perennis  (Linn.) — Common  everywhere. 
Solidago  virgaurea  (Linn.) — Co.  Fermanagh.  Carrick,  Knockmore, 

Tents  Mountain,  &c.     I^ot  common. 

Achillea  millefolkmi  (Linn.) — Cavan  and  Fermanagh.     Frequent. 
Chrysanthemum  leuoanthemum  (Linn.) — In  the  utmost  profusion  every- 

where * 

2Y2 
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Chrysanthemum  seyetum  (Linn.) — Cavan  and  Fermanagh.  Common 
in  cultivated  ground. 

Antennaria  dioica  (Gaert.) — Cavan  and  Fermanagh.  Grassy  spots, 
Knockmore,  Carrick,  &c. 

Senecio  vulyaris  (Linn.) — Common  everywhere. 

S.  sylvaticus  (Linn.) — JN'ear  Florence  Court,  Co.  Fermanagh. 
S.  Jacolcea  (Linn.) — Common  everywhere. 
S.  aquatims  (Huds.) — Cavan  and  Fermanagh.     Frequent. 
Arctium  nemorosum  (Lej.) — On  limestone  rocks  at  Enockmore,  Co. 

Fermanagh.  Professor  Babington,  who  kindly  diagnosed  my 
specimen,   confirms  the  name. 

Centaurea  niyra  (Linn.)— Common  in  Cavan  and  Fermanagh. 
Carduus  lanceolatus  (Linn.) — Common  everywhere. 
C.  -arvensis  (Curt.) — Cavan  and  Fermanagh  ;  but  less  common  than  I 

have  usually  found  it  elsewhere. 

C.  palustris  (Linn.) — Cavan  and  Fermanagh.     Common. 
C.  pratensis  (Huds.) — Cavan  and  Fermanagh.  Frequent  in  damp 

pastures  and  meadows. 

Lapsana  communis  (Linn.) — Cavan  and  Fermanagh.     Common. 
Sypocharis  radicata  (Linn.) — Roadsides  and  waste  places.  Common 

everywhere. 
Aparyia  autmnnalis  (Willd.) — Carrick,  Drumbad,  &c.  Frequent  in 

Cavan  and  Fermanagh. 

Leontodon  taraxicum  (Linn.) — Cavan  and  Fermanagh.  Common  every- 
where. 

Sonchus  oleraceus  (Linn.) — Cavan  and  Fermanagh.  Roadsides  and 
banks. 

S.  arvensis  (Linn.) — Cavan  and  Fermanagh.     Cultivated  fields. 
Crepis  paludosa  (Moench.) — Very  common  in  Cavan  and  Fermanagh. 

It  seems  to  replace  C.  virens,  which  I  did  not  see. 

Hieracium  pilosella  (Linn.) — Cavan  and  Fermanagh.     Common. 
S.  anglicum  (Fries.) — Cavan  and  Fermanagh.  It  occurs  plenti- 

fully on  limestone  cliffs  at  Knockmore,  and  is  found  in  more  or 
less  abundance  at  Carrick,  Drumbad,  Tents  Mountain,  and  Cuil- 

''       ceagh. 
R.  cinerascens  (Jord.)  =  S.  lasiophyllum  (Bab.) — Knockmore,  Carrick 

and  Badmore,  Co.  Fermanagh,  but  only  in  very  small  quantity. 
By  the  kindness  of  Mr.  Backhouse,  who  examined  my  specimens 
of  this  and  the  preceding  species,  I  am  enabled  to  publish  these 
names  with  certainty. 

Campanitlace^. 

Campanula  rotundifolia  (Linn.) — Cavan  and  Fermanagh.    Frequent. 

EEICACEiE. 

Calluna  vulgaris  (Salisb.) — Common  on  the  hills. 
Erica  tetralix  (Linn.) — Common  on  heaths. 
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Erica  einerea  (Linn.)    Common. 

Vaccinium  myriillus  (Linn.) — Cavan  and  Fermanagh.    Common  on  the 
hiUs. 

V.  vitis-idcea  (Linn.) — Cavan  and  Fermanagh.     Occurs  on  Drumbad, 
Tents  Mountain,  Cuilceagh,  and  adjoining  mountains;  often  in 
some  quantity. 

Aqijipoliace^. 

Hex  aquifoliwin  (Linn.) — Cavan   and  Fermanagh.      Common  on  the 
rocks. 

Gentianace^. 

Erythrma  cenfaurmm.  (Pers.) — Cavan  and  Fermanagh.     Frequent  on 
short  dry  pastures. 

Gentiana  campestris  (Linn.) — Co.  Fermanagh.     Sparingly  on  Legland 
Mountain,  near  Derrygonnelly. 

Menyanthes  trvfoUata  (Linn.) — Cavan  and  Fermanagh.     Boggy  places 
on  the  hills. 

BOEAGINACE^. 

Myosotis  caespitosa  (Schultz.) — Co.  Fermanagh.     Marshes  and  sides  of 
streams  occasionally,  Carrick,  &c. 

M.  arvensis  (Lehm.) — Cavan  and  Fermanagh.     Common. 
M.  versicolor  (Reich.) — Cavan   and   Fermanagh.      Common   on  dry 

banks,  and  waste  places. 

SCEOPHTTLAEIACE^ . 

Digitalis  purpurea  (Linn.) — Cavan  and  Fermanagh.  But  not  abundant. 
Scrophularia  nodosa   (Linn.) — Derrygonnelly,    &c.,    Co.    Fermanagh. 

But  not  common. 

Melampyrum  pratense  (Linn.) — Cavan  and  Fermanagh.     Common  in 
shady  places. 

Pedicularis  palustris  (Linn.) — Cavan   and  Fermanagh.     Marshes  in 
the  hills. 

P.  syhatica  (Linn.) — Cavan  and  Fermanagh.     Abundant  on  the  hills. 
RJiinanthus  crista-galU  (Linn.) — Common  everywhere. 
Euphrasia  officinalis  (Linn.) — Cavan  and  Fermanagh.     Common. 
Veronica  heccahunga  (Linn.) — Cavan  and  Fermanagh.     Wet  places ; 

frequent. 

V.  chamcedrys  (Linn.) — Everywhere  abundant. 
V.  officinalis  (Linn.) — Cavan  and  Fermanagh.     Common. 
V.  serpyllifolia  (Linn.) — Everywhere  common. 
V.  agrestis  (Lum.) — Cavan  and  Fermanagh.  Borders  of  fields;  common. 

Labia  TiE. 

Ilentha  aquatica  (Linn.) — Wet  places;  common. 
M.  saliva  (Linn.) — Cavan  and  Fermanagh.     Fields  and  waste  ground; 

common. 
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Thymus  serpyllum  (Linn.) — On  the  Mils  ;  common. 
Prunella  vulyaris  (Linn.) — Everywhere  common. 
Nepeta  ylecJioma   (Benth.) — Cavan    and  Fermanagh..      Frequent   on 

hedge  banks. 

Lamium  purpureum  (JArm..) — Cavan  and  Fermanagh.     "Waste  places ; common. 

Galeopsis  tetrahit  (Linn.) — Cavan  and  Fermanagh.     Frequent. 
Stachys  sylvatica  (Linn.) — Cavan   and   Fermanagh.      Shady  places; 

common. 

S.  pahistris  (Linn.) — Cavan   and  Fermanagh.      Common  in  damp 

places. 
Ajuya  reptans  (Linn.) — Everywhere  common. 

LeITTIBUL  AHIACE^ . 

Pinyuicula  vidyaris  (Linn.)— Cavan  and  Fermanagh.     "Wet  places  on the  hills. 

Peihtulace^. 

Primula  vulyaris  (Huds.) — Common  everywhere. 
Lysimachia  nemorum  (Linn.) — Cavan  and  Fermanagh.     Frequent. 
AnayalUs  arvensis  (Linn.) — Fields  and  waste  ground;  common. 
A.  tenella  (Linn.) — Boggy  ground,  Drumbad,   Co.  Fermanagh,  with 

white  flowers ;  rare. 

Plantaginace^. 

Plantayo  lanceolata  (Linn.) — Hedge  banks  and  pastures ;  common, 
P.  major  (Linn.) — Roadsides  and  wastes  ;  common. 
Littorella  lacustris  (Linn.) — Margin  of  Carrick  Lake,  Co.  Fermanagh. 

ISTot  at  all  common. 

POLTGONACE^. 

Rumex  conylomeratus  (Murr.) — Cavan  and  Fermanagh.    Roadsides  and 
banks. 

R.  oltusifolius  (Linn.) — Roadsides  and  waste  ground  ;   common. 
R.  crispus  (Linn.) — Cavan  and  Fermanagh.     Frequent. 
R.  acefosa  (Linn.) — Cavan  and  Fermanagh.     Hedge  banks,  &c. 
R.  acetosella  (Linn.) — Mountain  pastures;  common. 
Polyyonum  persicaria  (Linn.)^ — Cavan  and  Fermanagh.     Damp  fields 

and  wastes. 

P.  hydropiper  (Linn.) — Cavan  and  Fermanagh.    Banks  of  streams  and 
wet  places. 

P.  aviculare  (Linn.) — Waste  ground;  common  everywhere. 

Empeteace^. 

Empetrum  niyrum  (Linn.) — Legland  Mountain,  near  Derrygonnelly, 
Co.  Fermanagh. 
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EUPHORBIACE^. 

Euphoflia  helioscopia  (Linn.) — Preqnent  in  cultivated  fields. 
U.  peplus  (Linn.) — Cavan  and  Fermanagli.     Frequent. 

CAXLITEICHACEiE. 

Callitriche  verna  (Linn.) — Carrick,  &c.     In  streams. 
C.  hamulata  (Kutz.) — Very  luxuriant  at  Carrick,  Co.  Fermanagh, 

Urticaceje, 

TJrtica  dioica  (Linn.) — Everywhere  common. 

Amentipee^. 

Salix pentand/ra  (Linn.) — Derrygonnelly  and  Carrick,  Co.  Fermanagh. 
S.  cinerea  (Linn.) — Cavan  and  Fermanagh.     Common. 
S.  aurita  (Linn.) — Hilly  places;  frequent. 
MJyrica  gale  (Linn.) — Heaths  and  bogs  ;  frequent. 
Alnus  glutinosa  (Gaert.) — Cavan  and  Fermanagh.     Common. 
Corylus  mellana  (Linn.) — Hedges  and  glens;  common  everywhere, 

COOTFEE^. 

Taxus  laccata  (Linn.) — Sparingly  on  limestone  cliffs  at  Carrick,  and 
Knockmore,  Co.  Fermanagh. 

Oechidaceje. 

Orchis  maseula  (Linn.) — Damp  pastures;  common. 
0.  maculata  (Linn) — Meadows  and  damp  ground  ;  common. 
Habena/ria  mridis  (R.  Br.)  —  Legland  Mountain,  Co.  Fermanagh; 

sparingly. 
S.  chlorantha  (Bab.) — Cavan  and  Fermanagh,  Carrick,  &c.  Fre- 

quent. 
Lister  a  ovata  (E.  Br.  )-^Every  where  abundant,  especially  on  the 

limestone. 

Ieidace^. 

Iris  pseud- mor us  (Linn.) — Cavan  and  Fermanagh.     Common. 

Liiiace^. 

Endymion  nutans  (Dum.) — Cavan  and  Fermanagh.     Shady  banks. 

JuNCACEiE, 

Narthecium  ossifragum  (Huds.) — Cavan  and  Fermanagh.   Frequent  on 
heaths. 

Juncus  effusus  (Linn.) — Everywhere  common. 
J.  conglomeratus  (Linn.) — Cavan  and  Fermanagh.     Common. 
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Jimcus  glaums  (Ehr.) — Cavan  and  Fermanagh.     Frequent. 
J.  acutiflorus  (Ekr.) — In  marshy  places  throughout  the  district. 
J.  squarrosus  (Linn.) — Mountain  heaths ;  common. 
Lwmla  sylvatica  (Bich.) — Cavan  and  Fermanagh.     !Not  uncommon. 
L.  campestris  (Willd.) — Cavan  and  Fermanagh.     Frequent. 

Alismace^. 

Alisma plantago  (Linn.) — Cavan  and  Fermanagh.  Occurs  occasionally. 

Ttphace^. 

Triglochin  palustre  (Lion.) — Cavan  and  Fermanagh.  In  wet  places  at 
Carrick,  &c. 

A.'&k.C'EM. 

Arum  maculatum  (Linn.) — Cavan  and  Fermanagh.     Common. 

Lemkace^. 

Lemna  minor  (Linn.) — Cavan  and  Fermanagh.     Common. 

POTAMOGETONACE^. 

Potamogeton  nutans  (Lian.) — Lakes  and  ponds  ;  frequent. 
P.  rufeseens  (Schrad.) — Carrick  Lake,  Co.  Fermanagh ;  rare. 
P.  zi%ii — Yery  sparingly  in  slow  stream  which  connects  Carrick 

Lake  with  Bunnahone  Lake,  near  Derrygonnelly,  Co.  Fer- 
managh. I  am  obliged  to  Mr.  Bennett,  of  Croydon,  who 

pointed  out  that  my  plant  agrees  in  all  respects  with  Eoth's 
plant ;    a  judgment  since  confirmed  by  Professor  Babington. 

P.  pectinatus  (Linn.) — Carrick  Lake,  Co.  Fermanagh.     Not  common. 

Cypeeace^. 

Eleocharis  palustris  (E.  Br.) — Common  everywhere. 
Scirpus   lacustris   (Linn.) — Cavan   and  Fermanagh.     In   the   lakes ; 

frequent. 
8.  ccespiiosus  (Linn.) — Common  on  the  mountains. 
S.  setaceous  (Linn.) — Drumbad,  Co.  Fermanagh.     Not  common. 
Priophorum  angustifolium  (Eoth.) — Bogs  and  heaths  ;  common. 
Carex pulicaris  (Linn.) — Knockmore,  &c. ;  not  very  common. 
C.  stellulata  (Good.) — Cavan  and  Fermanagh.      Common  on  grassy 

heaths. 

C.  remota  (Linn.) — Marble  Arch,  Co.  Fermanagh.     Not  common. 
C.  ovalis  (Grood.) — Cavan  and  Fermanagh.     Frequent. 
C.  vulgaris  (Fries.) — Cavan  and  Fermanagh.     Common. 
C.  pallescens   (Lam.) — On   Cuilceagh,    BinaghHn,    and  neighbouring 

mountains,  up  to  1200  feet;  but  not  common. 

C.  panicea  (Linn.) — Cavan  and  Fermanagh.     Frequent. 
C.  pendula  (Huds.) — Marble  Arch,  Co.  Fermanagh.     Yery  rare. 
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C.  pilidifera   (Linn.) — Cavan   and  Fermanagli.      Mountain  heaths; 
rather  rare. 

C.  glmica  (Scop.) — Everywhere  common. 
C.flava  (Linn.) — Cavan  and  Fermanagh.     Common. 
C.  hornschuchiana  (Hoppe.) — Cavan  and  Fermanagh.      Carrick,  Cuil- 

ceagh,  &c. 

C.  linervis  (Sm.) — Cavan  and   Fermanagh.     Frequent  on  mountain 
heaths. 

C.  syhatica  (Huds.) — Marble  Arch,  &c. ;  but  not  very  common. 
C.  hirta  (Lion.) — Cavan  and  Fermanagh.     Not  uncommon. 

Phcdaris  arundinaeea  (Lirm.) — Cavan  and  Fermanagh.     Common. 
Anthoxanthum  odoratum  (Linn.) — Common  everywhere. 
Phleum  pratense  (Linn.) — Meadows  and  margins  of  fields  ;  common. 
Alopecurus  pratensis  (Linn.) — Marble  Arch,  &c. ;  but  not  at  all 

common. 

JVardus  stricta  (Linn.) — Cavan  and  Fermanagh.     On  heaths. 
Phragmites  communis  (Trin.) — Cavan  and  Fermanagh.  Occasionally 

in  ditches  and  marshes. 

Agrostis  vulgaris  ("With.) — Cavan  and  Fermanagh.     Common. 
Kolcus  lanatus  (Linn.) — Cavan  and  Fermanagh.  Hedge  banks  and 

pastures. 
Air  a  caspitosa  (Linn.) — Cavan  and  Fermanagh.  Shady  places  ;  fre- 

quent. 

A.flexuosa  (Linn.) — Cavan  and  Fermanagh.   "Very  common  on  heaths. 
Arrhenatherum  elatius  (M.  &  K.) — Everywhere  common. 
Triodia  decumlens  (Beauv.) — Cavan  and  Fermanagh.  Frequent  on 

grassy  heaths. 

Melica  imiflora  (Eetz.) — Carrick,  &c.,  Co.  Fermanagh.     Shady  rocks. 
Molinia  ccerulea  (Moench.) — Cavan  and  Fermanagh.  On  heaths; 

frequent. 
Poa  annua  (Linn.) — Cavan  and  Fermanagh.     Common. 
P.  trivialis  (Linn.) — Common  everywhere. 
P.  pratensis  (Linn.) — Frequent  throughout  the  district. 
Briza  media  (Linn.) — Rocks  at  Carrick,  Co.  Fermanagh. 
Cynosurus  cristatus  (Linn.) — Common  everywhere. 
Dactylis  glomerata  (Linn.) — Eoadsides  and  pastures  ;  everywhere. 
Festuca  rubra  (Linn.) — Cavan  and  Fermanagh.     Common. 
F.  pratensis  (Huds.) — Carrick,  &c.     Not  uncommon. 
Serrafalcus  mollis  (Pari.) — Cavan  and  Fermanagh.     Frequent. 
Lolium  perenne  (Linn.) — Everywhere  abundant. 
L.  italicum  (A.  Braun.) — Banks  and  pastures  ;  frequent. 

Eqtjisetace^. 

Fquisetum  arvensis  (Linn.) — Abundant  everywhere. 
F.  maximum  (Lam.) — Cavan  and  Fermanagh.     Frequent. 
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E.  syhaticum  (Linn.) — Cavan  and  Fermanagh.     Not  uncommon. 

-E".  limosum  (Linn.) — Abundant  everywhere. 
E,  palustre  (Linn.) — Cavan  and  Fermanagh.     Common. 

FlLICES. 

Polypodium  vulgar e  (Linn.) — Cavan  and  Fermanagh.     Common. 
Lastrea  filix-mas  (PresL) — Common  everywhere. 
L.  dilatata  (Presl.) — Common  everywhere. 
L.  cemula  (Brack.) — Co.  Fermanagh,  Carrick  and  Drumbad.  Beside 

rocky  banks  of  streams. 
Polystichum  aculeatwn  (Both.) — Cavan  and  Fermanagh.  Not  un- 

common on  the  hills. 

P.  angular e  (Newm.) — Common  everywhere. 
Cystopteris  fragilis  (Bernh.) — Cavan  and  Fermanagh.  On  damp 

rocks ;  common. 

  Yar.  h.  dentata  (Sm.) — Frequent  ;  along  with  the  preceding. 
Athyrium  fiUx-foemina  (Both.) — Cavan  and  Fermanagh.     Frequent. 
Asple?nwm  adiantum-nigrum  (Linn.) — Cavan  and  Fermanagh  ;  but 

not  abundant. 

A.  trichomanes  (Linn.) — Everywhere  common  on  shady  rocks. 
A.  ruta-muraria  (Linn.) — On  walls  and  dry  rocks;  abundant  every- 

where. 

Scolopendrum  vulgare  (Sym.) — Common  everywhere. 
Blechnwm  loreale  (Sw.) — Common  everywhere. 
Pteris  aquilina  (Linn.) — On  dry  heaths  ;  everywhere. 
Symenophyllum  ivilsoni  (Hook.) — Knockmore,  Drumbad,  Cuilceagh, 

&c.     Frequent  in  Cavan  and  Fermanagh. 
Osmunda  regalis  (Linn.) — Carrick  and  Drumbad,  Co.  Fermanagh. 

Abundant  and  luxuriant  by  the  streams. 

Ltcopobiace^. 

Lycopodium  selago  (Linn.) — Cavan  and  Fermanagh.  In  great  profusion 
on  the  mountains. 

Selaginella  spimdosa  (A.  Br.) — Damp  shady  rocks,  Knockmore,  and 
Drumbad,  Co.  Fermanagh ;  sparingly. 

Chaeaceje. 

Cha^a  aspera  (Willd.) — Carrick  Lake,  Co.  Fermanagh. 
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LXXY.   EeCEKT    FoEAiriOTTEEA.    OF    Dttbltn'    AJVD     TVlCElO^n^.        By 
Feedeeice  Petoe  Balkwill  and  Joseph  Weight,  F.G.S. 

[Eead,  February  27,  1882.] 

As  the  examination  of  the  yarious  gatherings  of  Foraminifera  made 
last  year  off  the  Dublin  and  Wicklow  coasts  hare  not  yet  been  fully 
completed,  the  present  brief  Keport  is  now  furnished,  pending  the 
detailed  results  which  we  hope  to  have  ready  for  publication  next 
year.  The  following  particulars  are  given  to  show  what  has  already 
been  accomplished.  Previous  to  the  grant  having  been  given,  one 
of  us  had  made  a  number  of  shore  gatherings  in  the  vicinity  of 
Dublin,  and  the  list  of  the  Foraminifera  found  was  sent  to  the 
Academy  at  the  time.  Since  then  thirty  dredgings  have  been 
secured — three  in  Dublin  Bay,  the  remaining  twenty-seven  off  the 

coast — extending  from  D^eland's  Eye  to  Bray  Head,  and  as  far  off 
land  as  the  Kish  and  Bray  Banks,  the  deepest  parts  dredged  being 
off  Bray  Head  in  twenty-six  to  twenty-seven  fathoms.  We  are  also 
indebted  to  llr.  Stephen  Yoysey,  of  "Blanna"  fishing  smack,  for  six 
gatherings  taken  off  ilourne  Mountains,  off  Howth,  and  off  the  Isle  of 
Man.  The  Foraminifera  which  we  have  already  met  with  number  one  - 
hundred  and  twenty-four  species  and  varieties,  or  about  two-thirds  of 
our  British  forms.  Twelve  of  these  are  additions  to  the  Irish  Fauna, 
one  {Nodosaria  Mspida)  is  new  to  Britain,  and  two  {Lagena  mrvilineata 
and  Nojiionina  pauperata)  are  new  to  science.  The  only  other  locality 
in  Britain  which  has  yielded  so  large  a  number  of  Rhizopoda  is  the 
Estuary  of  the  Dee,  a  spot  which  has  been  most  carefully  examined 
by  Mr.  Siddall  and  Mrs.  Shone,  and  where  even  a  still  greater  number 
of  forms  have  been  found.  When  we  consider  the  short  space  of  time 
already  spent  in  the  examination  of  this  part  of  our  coast,  our  results 
are  most  encouraging,  and  leave  little  doubt  that  a  renewed  search 
would  still  further  increase  the  numbers,  and  lead  to  the  discovery  of 
other  rare  forms. 

LIST  OF  FOEAMIMFERA. 

CoEinispiEA,  Schultze. 

foliacea,  Phillippi.     Very  rare, 
involvens,  Reuss.     Rare. 

BiLocTJLiNA,  D'Orh. 

ringens,  Lamk.     Frequent, 

depressa,  D'Orb.     Frequent, 
elongata,  D'Orb.     Very  rare. 
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JMrLioiiN-A,  "Will. 
trigonula,  Lamk,     Frequent, 

tricarinata,  D'Orb.     Yery  rare, 
oblonga,  Montagu.     Rare. 

Erongniartii,  D'Orb.     Eare. 
seminalum,  Linn.     Yery  common, 
subrotunda,  Montagu.     Yery  common, 

secans,  D'Orb.     Common  between  tides;  rare  in  dredgings. 

bicornis,  "W".  &  J.     Common, 
ferussacii,  D'Orb.     Frequent, 
pulcbella,  D'Orb.     Yery  rare, 
fusca,  Brady.     Yery  rare;    found  only  off  Ireland's  Eye, seven  to  nine  fathoms. 

SprEOLOCULrN-A,  D'Orb. 

limbata,  D'Orb.     Yery  rare, 
planulata,  Lamk.     Yery  rare. 

HYPEEAmimfA,  Brady. 

elongata,  Brady.     Yery  rare ;  found  only  off  Ireland's  Eye, seven  to  nine  fatboms. 

PsAMMOsPBLSiEA,  E.  E.  Scbultze. 

fusca,  Schultze.     Yery  rare. 

Eeophax,  Montfort. 

difflugiformis,  Brady.     Yery  rare, 
fusiformis,  Will.     Yery  rare, 
scorpiurus,  Montf.     Yery  rare. 

Haplopheagmtum,  Eeuss. 

canariense,  D'Orb.     Common, 
glomeratum,  Brady.     Yery  rare, 
globigeriniforme,  P.  &  J.     Frequent. 

Ammgdisctjs,  Reuss. 

incerta,  D'Orb.     Yery  rare. 

gordiaHs,  J".  &  P.     Yery  rare. 
Sboneana,  Siddall.     Yery  rare ;  a  single  specimen  only. 

Teochaiqecna,  p.  »fe  J. 

squamata,  P.  &  J.     Frequent, 
inflata,  Montagu.     Rare, 
inflata,  var.     Yery  rare. 

macrescens,  Brady.      Yery  rare ;    found  only  off  Ireland's 
Eye,  seven  to  nine  fathoms. 
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Texttjiahia,  Defrance. 

sagittula,  Defrance.     Frequent. 

agglutinans,  D'Orb.     Yery  rare. 
globulosa,  Ehrenb.     Very  rare ;  a  single  specimen  only ;  off 

Howth,  eighteen  fathoms, 

difformis,  "Will.     "Very  rare;  found  only  off  Dalkey,  fifteen fathoms. 

Speropiecta,  Ehrenb. 

biformis,  P.  &  J.  Very  rare;  a  single  specimen  only;  Dalkey 
Sound. 

Gattdettn-a,  D'Orb. 

filiformis,  Berthelin.     Very  rare. 

VEENEurLEfA,  D'Orb. 

polystropha,  Eeuss.     Eare. 

BuLEnrN-A,  D'Orb. 

purpoides,  D'Orb.     Common, 
marginata,  D'Orb.     Eare. 
oyata,  D'Orb.     Erequent. 
elegantissima,  D'Orb.     Erequent. 

ViRGUiiNA,  D'Orb. 

Schreibersii,  Czjzek.     Eare. 

BoiivnfA,  D'Orb. 

punctata,  D'Orb.     Erequent. 
plicata,  D'Orb.     Erequent 
dilatata,  Eeuss.     Very  rare. 

Cassedtjlen-a,  D'Orb, 

laevigata,  D'Orb.     Very  rare, 
crassa,  D'Orb.     Eare. 
oblonga,  D'Orb.     Very  rare. 

Lagena,  "Walker  &  Jacob. 

sulcata,  "W.  &  J.     Frequent. 
costata,  "Will.     Eare. 
Williamsoni,  Alcock.     Very  common. 
Lyellii,  Seguenza.     Very  rare. 
Isevis,  Montagu.     Common, 
gracillima,  Seguenza.     Very  rare, 
globosa,  Montagu.     Frequent. 

striata,  D'Orb.     Eare. 
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LagejSta — continued. 

curvilineata,  noT.  sp.     Yery  rare, 

gracilis,  "Will.     Very  rare, 
striato-pnnctata,  P.  &  J.     Very  rare, 
semistriata,  Will.     Common, 
aspera,  Reuss.      Very  rare, 
hispida,  Reuss.     Very  rare, 

caudata,  D'Orb.     Prequent. 

marginata,  "W.  &  J.     Rare. 
var.  D'Orbignyana,  Sequenza.     Common. 
var.  trigono-marginata,  P.  &  J.     Very  rare. 
var.  quadrata,  Will.     Very  rare, 

ornata,  Will.     Very  rare. 
var.  trigono-ornata,  Siddall.     Very  rare, 

lucida,  Will.     Common. 

var.  (trigono-)  oblonga,  Sequenza.     Very  rare, 
lagenoides,  Will.     Very  rare, 
squamosa,  Montagu.     Very  common, 
hexagona,  Will.     Frequent. 

LiNGULiNA,  D'Orb. 

carinata,  D'Orb.     Very  rare ;  a  single  specimen  only. 

KoDosAiiiA,  Lamk. 

raphanus,  Linn.     Very  rare  ;  a  single  specimen  only, 
scalaris,  Batsch.     Rare. 

pyrula,  D'Orb.  and  dentaline  variety.     Very  rare, 
hispida,  D'Orb.     Very  rare;  a  single  specimen  only,  !Newto Britain. 

Dentalina,  D'Orb.     Rare, 

communis,  D'Orb.     Rare. 
consobrina,  D'Orb.     Very  rare.  ; 

VAGEsruLiKA,  D'Orb. 
legumen,  Linn.     Very  rare. 
linearis,  Montagu.     Very  rare.  j 

MAEorNTJLiisrA,  D'Orb.  " 

glabra,  D'Orb.     Very  rare. 
Ceisteliama,  Lamk. 

rotulata,  Lamk.     Very  rare. 
vortex,  P.  &  M.     Very  rare ;  a  single   specimen  only ;  off 

Ireland's  Eye,  seven  to  nine  fathoms, 
cultrata,  Montfort.     Very  rare  ;  a  single  specimen  only ;  off 

Ireland's  Eye,  seven  to  nine  fathoms, 
crepidula,  E.  &  M.     Very  rare. 
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POLTMOEPHINA,  D'Orb. 

lactea,  "W.  &  J,     Eare. 
gibba,  D'Orb.  and  var.  gequalis,  D'Orb.     Common. 
oblonga,  Will.     Eare. 

compressa,  D'Orb.     Frequent. 
fnsiformis,  Eoemer.     Yery  rare. 
cylindroides,  Ecsmer.     Yery  rare. 
concava,  Will.     Yery  rare. 

TIviGEELNA,  D'Orb. 

angulosa,  "Will,     Eare. 

Spiehlina,  Ehrenb, 

vivipara,  Ehrenb.     Yery  rare. 

tuberculata,  Brady.    Yery  rare  ;    found   only  off  Ireland's 
Eye,  seven  to  nine  fathoms. 

Obbtjiin-a,  D'Orb. 

universa,  D'Orb.     Yery  rare. 

Globigebina,  D'Orb. 

bulloides,  D'Orb.     Frequent, 
inflata,  D'Orb.     Yery  rare. 

PULLENIA,   P.  &  J, 

sphseroides,  D'Orb.    Yery  rare ;  a  single  specimen  only ;  off 
Howth,  eleven  fathoms. 

DiSCOBBINA,  P.  &  J. 

rosacea,  D'Orb.     Common, 
globularis,  D'Orb.     Yery  common. 
Bertheloti,  D'Orb.    Yery  rare. 
Wrightii,  Brady.     Yery  rare. 

PlANOBBTJLrN-A,  D'Orb, 

Mediterraneensis,  D'Orb.     Frequent. 

TBUNCATULrNA,  D'Orb. 

lobulata,  "Walker.     Yery  common. 

PuLvrNuirNA,  P.  &  J. 

auricula,  F.  &  M.     Yery  vara. 
Karsteni,  Eeuss.     Yery  rare. 
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TiNOPOETTS,  Montfort. 

lucidus,  Brady.     Yery  rare. 
Isevis,  P.  &  J.     Very  rare ;    a  single  specimen  only ;    off 

Ireland's  Eye,  seven  to  nine  fathoms. 

RoTALiA,  Lamk. 

Beccarii,  Linn.     Common, 
nitida,  Will.     Frequent. 

NoNioNiNA,  D'Orb. 

turgida,  Will.     Eare. 

scapha,  P.  &  M.      "Very  rare;  a  single  specimen  only;  off 
Ireland's  Eye,  seven  to  nine  fathoms. 
pauperata,  nov.  sp.  Frequent, 

umbilicatula,  Montagu.  Yery  rare, 
depressula,  W.  &  J.  Yery  common, 

stelligera,  D'Orb.     Rare. 

PoLTSTOMELLA,  Lamk. 

crispa,  Linn.     Common. 
striato-punctata,  P.  &.  M.     Yery  common. 

SUPPLEMENTAL  NOTE. 

Since  we  sent  in  our  Report  to  the  Academy  the  following  addi- 
tional Poraminifera  have  been  met  with,  viz : — Bulimina  suhteres, 

Brady;  B.  aculeata,  D'Orb,;  Bentalina  oUiqua,  D'Orb.;  B. 'pauperata, 
D'Orb.  ;  MarginuUna  raphanus,  D'Orb.  ?  PolymorpMna  spinosa, 
D'Orb. ;  P.  myristiformis,  Will. ;  and  Biscorlina  hiconcava,  P.  &  J.  Of 
the  one  hundred  and  thirty-two  species  and  varieties  of  Porami- 

nifera recorded  in  our  Report,  all  are  from  off  the  Dublin  and 

Wicklow  coasts,  except  two  forms,  viz : — Nodosaria  Mspida,  D'Orb., 
and  Biscorlina  hiconcava,  P.  &  J.,  gathered  off  ''Hen  and  Chicken" 
rocks,  Isle  of  Man, 

NOTE  ADDED  IN  THE  PRESS. 

Whilst  our  Report  was  passing  through  the  Press,  the  following 

additional  species  were  found,  viz.  : — Miliolina  tenuis,  Czjzek  ;  M. 

agglutinans,  D'Orb. ;  Hauerina,  sp. ;  Haplophragmium  pseudospiralis, 
Will. ;  Lagena  ptdchella,  Brady  (trigonal  variety). 
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LXXYI. — On"  the  Constitittion  op  the  ITatite  Phosphates  op 
Alumbstitim.  By  A.  H.  Chuech,  M.A.,  Oxon.,  Professor  of 
Chemistry   in  the   Eoyal  Academy   of  Arts. 

[Eead,  February  27,  1882.] 

§1.  The  mineral  phosphates  and  arseniates  constitnte  a  very  interest- 
ing group.  The  number  of  species  is  increased  year  by  year  through 

new  discoveries  ;  but  the  older  members  of  the  group  are  rarely  made 
the  subjects  of  fresh  investigation  by  modern  methods.  In  many 
instances  the  constitution  of  even  the  more  abundant  species  remains 
obscure.  The  frequent  presence  of  an  excess  of  base  over  that 
required  for  an  orthophosphate  is  a  common  characteristic  of  the 
group.  Another  prominent  feature  consists  in  the  peculiar  and 
diverse  modes  in  which  the  water  present  in  the  hydrated  species 
is  held.  Por  several  reasons  the  moderate-sized  group  of  the  hy- 

drated aluminium  phosphates  has  been  selected  for  renewed  investiga- 
tion. Light  has  been  thrown  upon  the  relations  of  these  compounds 

by  accurate  analyses,  in  which  a  special  and  uniform  method  of 
desiccation  has  been  adopted  ;  in  which  silver  vessels  have  been  sub- 

stituted, where  deemed  preferable,  for  those  of  glass  and  porcelain; 
and  in  which  sodium  hydrate,  from  metallic  sodium,  has  been  used, 
instead  of  alcoholic  potash,  for  retaining  alumina  in  solution.  The 
present  communication  contains  an  account  of  a  considerable  number 
of  analyses  conducted  with  the  precautions  named  above;  but  it 
does  not  pretend  to  offer  an  exhaustive  treatment  of  the  subject, 
nor  a  decisive  opinion  upon  all  the  questions  of  chemical  constitu- 

tion involved  in  the  inquiry. 
§  II.  As  a  preliminary  step  towards  the  discovery  of  the  constitu- 

tion of  the  hydrated  aluminium  phosphates,  it  was  deemed  expedient 
to  ascertain  with  what  tenacity  the  normal  native  aluminium  hydrate 
and  the  normal  native  aluminium  phosphate  respectively  retained  their 
water.  This  mode  of  experimenting  was  expected  to  disclose  how  far 
that  common  assumption  could  be  correct  which  attributed  to  the  native 
basic  aluminium  phosphates  such  a  formula  as — 

xAlgPaOg,  yAlgHsOe,  z  aq. 

Fortunately  a  suitable  native  hydrate  and  native  phosphate  are 
known ;  the  former  being  the  gibbsite  of  Dana,  now  often  called 
hydrargillite ;    the  latter  being  the  variscite  of  Breithaupt. 

§111.  Gihhsite. — On  submitting  gibbsite  to  the  process  of  desic- 
cation, the  mineral  retained  the  whole  of  its  moisture,  not  only  in 

dry  air  and  in  vacuo,  but  also  at  100°  C.  in  the  air-oven.  The  analyti- 
cal details  are  here  given  : — 
R.  I.  A.  PROC,  SEE.  II.  VOL,  III. — 6CIENCE.  2  Z 
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Anal.  1.  Gibbsite,  from  Eicbmond,  Massachusetts — 

•309  gram  lost  -003  gram  HoO  in  vacuo  =    0-97% 
•309     ,,       ,,     •001atlOO°C.  =    0^30% 
•309     ,,      ,,      nothing  in  water-oven 
•309     „      „     -106  on  ignition  =  34-30%. 

Anal.  2.  Gibbsite,  fi'om  Yilla  Eica,  Brazil — 
•213  gram  lost  -002  gram  H.O  in  vacuo  =    0^93% 
•213     ,,        „      nothing  up  to  100  C. 
•213     ,,       ,,    -069  gram  on  ignition  32-39%. 

Both  the  specimens  were  of  great  purity,  neither  containing  any 
silica,  and  a  mere  trace  of  phosphate  being  present  in  Xo.  2  only ; 
this  latter  specimen  was  uniformly  crystalline.  The  mean  percen- 

tage of  combined  water,  corrected  for  accidental  moisture,  amounted 

to  33-73 — a  figure  closely  agreeing  with  the  number  demanded  by 
theory,  namely,  34-48.  This  percentage  of  water  is  that  required  by 
the  formula  AJ2O3,  3H2O  =  Alo  HgOe,  the  normal  aluminium  hydrate. 

§  IV.  Variscite. — "W^e  have  now  to  consider  the  mode  in  which  the water  present  in  such  of  the  native  aluminium  phosphates  as  are  free 
from  excess  of  base  is  held.  For  the  solution  of  this  problem  it  might 
have  been  thought  that  several  native  species  would  have  served.  But 
there  proved  to  be  but  one  mineral  of  sufficiently  definite  character, 
obtainable  for  this  purpose  in  adequate  quantity  :  this  was  variscite,  a 
phosphate  found  at  Messbach,  Saxon  Voigtland,  and  described  by 
Breithaupt  in  1837.  It  is  clearly  identical  with  the  callainite  of 
Damour,  a  mineral  the  provenance  of  which  is  unknown,  but  of 
which  some  polished  beads  and  ornaments  were  found  in  a  Celtic 
grave  at  llorbihan.  The  two  other  normal  aluminium  phosphates 
which  have  been  described  are  the  gibbsite  of  Hermann,  and  zepha- 
rovichite.  Of  the  latter,  I  have  been  unable  to  obtain  an  authentic  or 
adequate  supply :  of  the  former  mineral  nothing  definite  is  known  ;  its 
separate  existence  is  perhaps  doubtful.  Thus  my  work  has  been  per- 

force limited  to  variscite. 

On  submitting  a  carefully  selected  and  prepared  specimen  of  vari- 
scite to  the  desiccating  processes  before  mentioned,  it  was  evident  that 

the  water  in  this  mineral  was  held  far  more  loosely  than  that  in 
calaite,  or  true  turquoise,  and  in  wavellite.  The  analytical  results 
are  here  given  : — 

Variscite  (spec.  grav.  2-24),  from  Messbach. 
Anal.  3.  -119  gi 

Anal.  4.  -371 

Anal.  5.  -32 

1  Containiug  some  FesOa ;  vide  analysis  5. 

gave 

•084  gram 
JSIgoPoO,               =  45-15%  P0O5 5J 

•0388 

AlA                   =  32-60%  AI2O3 lost 

•01 

H,0  in  vacuo     =    2-64% 

;  J 

•08 

H2O  at  100°       =  21-11 

j> 

•004 

HoO  on  ignition  =    1-08 
j; 

•0795 

HoO  on  ignition  =  24-84 

gave 

•005 

PeA                   =    1-56. 
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An  inspection  of  these  figures  shows  tliat  variscite  loses  nearly  all 

its  water  at  100°C.,  but  practically  none,  or  at  least  not  a  whole  mole- 
cule, in  vacuo  over  sulphuric  acid.  If  we  reject,  as  non-essential,  the 

2-64%  H2O  lost  in  vacuo,  then  the  percentages  deduced  from  the 
analyses  given  above  will  stand  thus  : — 

Experiment. 

Theory. 

AI2O3,  P2O5,  4aq. 

Alumina,   

Ferric  Oxide,   

Phosphorus  Pentoxide,    .     . 

Water,   

31-04 1-56 

4.5-15 

•     23-27 

32-45 

44-82 

22-73 

§  V.  According  then  to  the  above-given  analyses  of  normal  native 
hydrate  and  phosphate  of  aluminium,  the  former  loses  no  water  at 

100°,  the  latter  all.  The  results  of  R.  Helmhacker's  experiments 
with  the  supposed  variscite  of  Ereienstein,  near  Leoben,^  are  not  in 
accordance  with  this  view  so  far  as  regards  the  normal  phosphate. 

He  obtained  16-11%  wa,ter  lost  at  100°,  and  17-57%  on  ignition. 
The  alumina  amounted  to  34-46%,  while  the  phosphorus  pentoxide 
was  only  25-69.  These  figures  are  allowed  by  Helmhacker  to  point 
to  an  admixture  of  diaspore  with  his  variscite  in  the  ratio  of  4:5; 
now,  as  diaspore  resembles  gibbsite  in  its  total  retention  of  water  at 

100°C.,  we  possess,  in  these  apparently  anomalous  results,  an  actual 
confirmation  of  the  conclusion  to  which  my  own  experiments  had  led. 

Possibly  Helmhacker's  100°C.  may  have  been  the  conventional  expres- 
sion for  the  temperature  of  the  water-oven,  which  would  fall  consider- 

ably short  of  that  figure.  With  an  air- oven  at  100°  C.  his  mineral 
would  probably  have  lost  more  than  16-11%. 

§  VI.  Here  perhaps  it  may  be  well  to  introduce  the  analysis  of  a 
mineral  from  Langen  Striegis  which,  though  in  physical  characters 
resembling  the  peganite  of  Breithaupt,  yet  gave  very  different  results 
from  those  obtained  with  that  mineral  (or  what  we  must  assume  to 
have  been  that  mineral)  in  the  hands  of  Hermann.  He  obtained 
numbers  corresponding  to  those  of  a  member  of  the  calaite  group 
(2AI2O3,  P2O5,  6H2O);  but  I  find  that  my  specimen  is  chemically  and 
physically  much  nearer  variscite  than  calaite.  Anyhow,  the  assump- 

tion that  this  mineral  is  nothing  but  wavellite  cannot  be  maintained. 
If  not  a  perfectly  definite  species,  yet  its  behaviour  when  heated  to 

100°  marks  it  out  from  wavelUte  and  from  nearly  all  the  other  phos- 

2  Tchermak's  Min.  %  Petr.  Mltth.  ii.,  p.  229,  et  seq. 



554 Proceedings  of  the  Royal  Irish  Academy. 

phates  of  aluminium.  "While  in  vacuo  it  loses  nothing,  at  100° C.  (in 
the  air-oven),  all  the  water  in  the  mineral  is  disengaged.  In  the  water- 

oven  the  change  is  incomplete,  for  at  94°,  the  maximum  temperature 
reached  by  my  water-oven,  rather  less  than  half  the  total  water  was 
removed.  It  may  be  noted  that  the  curious  pink  tint  which  peganite 
assumes  when  heated  in  a  bulb-tube  was  acquired  in  the  air-oven  at 

100°,  but  not  in  the  water-oven  at  a  temperature  only  a  few  degrees lower. 

My  analysis  of  a  sample  of  this  so-called  peganite  from  Striegis, 
gave  the  following  results  : — 

Anal.  6. 374  gram  lost  nothing  in  vacuo,  but  lost 
035     ,,     HoO  in  water-oven,  and 
047 

005 
133 
243 

HoO  in  air  bath  at  100°,  and  gave 
SiO, 

ALO3  and 
MgoPaO^. 

Translated  into  percentages  and  compared  with  the  numbers  de- 
manded by  the  nearest  formula,  these  results  are  here  shown  : — 

Experiment. 

Theory. 

7Al203,6P20s,24H20. 

Alumina,   

Phosphorus  Pentoxide    . 

"Water,   

Silica,   

35-30 

41-56 

21-92 1-33 

35-91 

42-53 

21-56 

100-11 100-00 

"When  the  correction  for  intruding  silica  is  made,  the  correspon- 
dence between  experiment  and  theory  becomes  quite  satisfactory. 

Still  it  would  scarcely  be  justifiable  to  accord  specific  rank  to  this 
mineral  on  the  strength  of  a  single  set  of  numbers,  and  I  should  pre- 

fer to  regard  the  specimen  analyzed  as  variscite  slightly  admixed  with 
a  more  basic  aluminium  phosphate. 

§  VII.  It  is,  on  the  whole,  evident,  from  the  analyses  of  gibbsite, 
variscite,  and  peganite,  which  I  have  now  given  and  discussed,  that 
any  native  basic  hydrate  of  aluminium,  if  it  were  made  up,  say,  of  one 
molecule  of  the  normal  native  hydrate  simply  associated  with  one 
molecule  of  the  normal  native  phosphate,  might  be  expected  to  lose, 

when  heated  to  100°,  all  the  water  attached  to  the  latter  compound, 
and  none  of  that  belonging  to  the  former. 



Church — On  Native  Phosphates  of  Aluminium.        555 

§  VIII.  Calaite. — 'Eow  we  have  in  calaite  a  mineral  adapted  for the  trial  of  this  question.  There  can  be  no  donbt  that  the  essential 
part  of  pure  turquoise  or  calaite  may  be  represented  by  the  empirical 
formula — 

2AI0O3,  P2O5,  SKO. 

But  we  have  to  ask  whether  the  constitution  of  this  species  may  not 
be  expressed  by  some  more  precise  arrangement,  such  as 

AI2O3,  PA,  2H2O  +  AI2O3,  SH.O, 

namely,  one  molecule  of  a  hydrated  normal  aluminium  phosphate  with 
one  molecule  of  the  normal  aluminium  hydrate  ?  ISTow  we  have  seen 
that  the  latter  compound  as  occurring  in  nature  loses  no  water  at 

100°,  while  the  nearest  approach  to  the  former  compound  (hamely 
variscite)  loses  all  its  water  at  this  temperature.  Calaite,  then,  if 
containing  such  a  phosphate,  should  part  with  fibs,  of  its  water 

below  100°  C.  As  it  retains  all,  even  when  heated  beyond  this  point, 
it  will  be  more  in  accordance  with  the  results  of  experiment  if  we 
express  the  molecule  of  calaite  somewhat  after  the  following  fashion : — 

2A1,03   (  P.O..  ___  Al,  (  2P0, 

H2O     (4H,0,         ""  H2(8HO, 
which  may  be  abbreviated  into 

The  analyses  upon  which  this  view  is  founded  are  three,  one  pub- 
lished in  1864,^  and  the  others  lately  made  for  the  purposes  of  this 

report.*  The  relation  of  the  cupric,  ferrous  and  manganous  phos- 
phates to  the  main  constituent  of  calaite  having  been  fully  discussed 

elsewhere,  a  few  only  of  the  later  analytical  results  need  be  cited  here. 
In  the  case  of  a  very  pale  and  pure  specimen  of  calaite  from  Mshapur, 
Persia,  the  following  figures  were  obtained : — 

•584  gram  lost  "018  gram  H2O  in  vacuo  over  H2SO4  -  3-08% 
•584      „        ,,    -118     „       „     on  ignition  =20-85%. 

Nothing  was  lost  at  100°  in  the  air-oven:  but  of  the  20*85%  water 
driven  off  on  ignition  the  last  4%  was  retained  with  greater  tenacity. 
Similar  results  were  yielded  by  a  Thibetan  turquoise. 

§  IX,  Two  other  aluminium  phosphates  have  been  described,  appa- 
rently belouging  to  the  calaite  or  turquoise  group,  and  differing  from 

calaite  in  the  proportion  of  water  only.  One  of  these  is  the  peganite 
analyzed  by  Hermann,  a  Striegis  mineral ;  the  other  is  fischerite  from 
Nischne  Tagil,  also  analyzed  by  Hermann.  I  find  that  three  distinct 
minerals  from  Striegis  go  under  the  name  of  peganite.    One  of  these  is 

3  Chemical  JSfeivs,  x.  p.  290. 

^  Zellner's  analysis  of  a  Silesian  calaite  confirms  this  yiqw. 
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nothing  but  wavelKte  ;  another  is  very  nearly  related  to  variscite,  if  it 

be  not  identical  with,  it.^  The  peganite  of  Arkansas,  according  to 
A.  H.  Chester,®  is  also  identical  with  variscite.  But  there  is  a  third 
mineral  known  as  peganite  found  also  at  Striegis  in  Saxony ;  this  is 

very  near  wavellite,  but  contains  less  water.  "What  is  probably  the 
same  mineral  from  Nobrya''  in  Portugal  has  been  analyzed  by  Lichten- 
berger  and  Frenzel.  As  to  fischerite,  I  have  not  been  able  to  secure 
an  authentic  specimen  sufficiently  ample  for  analysis. 

§  X.  The  next  group  of  native  aluminium  phosphates  may  now  be 
discussed.  Its  best  known  member  is  wavellite,  to  which  the  formula 

2AI0P2O8,  Al.HeOg,  9  aq 

is  usually  assigned.  But  in  spite  of  the  very  numerous  analyses  of 
wavellites  from  different  localities  which  have  been  made,  the  formula 
for  this  species  cannot  be  said  to  have  been  ascertained.  Two  circum- 

stances make  it  doubtful.  Like  many  other  fibrous  minerals,  wavellite 
always  retains,  under  ordinary  atmospheric  conditions  of  barometric 
pressure,  moisture,  and  temperature,  about  two  per  cent,  of  moisture 
removable  in  vacuo,  or  in  dry  air,  or  by  a  sKght  increase  of  temperature; 

so  the  question  arises  "Is  this  water  essential  or  accidental?"  Doubt- 
less many  hydrated  minerals,  when  removed  from  the  natural  condi- 

tions under  which  they  were  formed,  lose  essential  or  constitutional 
water  very  readily,  but  in  such  cases  the  percentage  of  loss  is  generally 
much  larger  than  two.  The  second  circumstance  which  interferes  with 
the  exact  determination  of  the  combined  water  in  wavellite  is  the 

presence  of  fluorine  in  this  mineral.  This  element,  which  probably 
occurs  to  the  extent  of  two  per  cent,,  must  be  regarded  as  an  acid  ele- 

ment, replacing  either  the  phosphoric  constituent  or  oxygen.  If  so, 
it  will  lower  the  proportion  of  phosphorus  pentoxide  found,  and  raise 
that  of  the  water  as  determined  by  loss.  I  have  considered  this  ques- 

tion in  a  previous  research,®  and  shown  that  a  formula  with  llHoO 
has  much  to  recommend  it.  It  may  be  added  that  vacuum-dried 

wavellite  loses  no  water  at  100°  C,  but  22%  at  200°  C,  and  4%  at  a 
low  red  heat.  And  if  those  published  analyses  of  wavellite  in  which 
the  fluorine  has  been  determined  be  studied,  it  will  be  seen  that  the 
water  is  lower  than  that  commonly  assigned  to  this  mineral.  But, 
after  all,  it  is  not  improbable  that  we  group  under  wavellite  several 
minerals  differing  from  each  other  by  1  aq.  Possibly  there  are  four 
such  members  of  the  wavellite  group  : — 

1.  Planerite,    ....     3ALO3,  2P2O5,  9aq. 
2.  CoeruleolacUte,      .     .     SAl.Oa,  2P0O5,  10  aq. 
3.  Wavellite,    ....     SAl-A,  2P20g,  llaq. 
4.  8triegisane,      .     .     .     SALOa,  2P2O5,  12aq. 

Of  Coeruleolactite  I  shall  have  something  to  say  further  on,  but  it 

5  See  §  VI  of  this  Eeport.  ^  Jahr.  Min..  1872,  819. 

''An  analysis  is  given  in  §XII.  ^Jour.  Chem.  Soc,  Feb.,  1873. 
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may  be  useful  to  give  here  some  additional  evidence  as  to  the  exist- 
ence of  the  fourth  member  of  this  group.  Its  formula  is  that  commonly 

given  to  "wavellite,  but  may  perhaps  more  properly  belong  to  the 
Striegisane  of  Breithaupt. 

§  XI.  Striegisane. — It  was  very  difficult  to  select  for  analysis 
sufficient  of  this  mineral  without  including  some  small  specks  of  the 
slaty  gangue.  But  as  the  weak  acid  used  to  dissolve  the  phosphate 
may  be  assumed  to  have  been  practically  without  solvent  action  on  the 
gangue,  the  errox's  due  to  traces  of  the  latter  may  be  eliminated  by 
recalculating  the  percentages  after  deducting  the  insoluble  silicious 
residue.     The  results  of  my  analysis  are  here  given : — 

Anal.  7.  "443    gram  striegisane  in  vacuo  over  HsSO^ 

lost     -0082    ,,     H.O  =81-5% 
„      -1188    „     II2O  on  ignition    =26-81% 

gave  '018      ,,     insoluable  matter  =    4 "06%. 

Anal.  8.  '2215  ,,  striegisane 
gave  -075  „  AI0O3       =  33-86% 
„      -002  „  Fe^Oa       =      -90% 
„      -114  „  Mg3P,0v  =  32-90%  PA. 

These  percentages,  after  deduction  of  gangue,  become — 

HoO     lost  in  vacuo         1-92% 
HoO       „    on  ignition  27-94% 
FeA     „  „  -93% 
AlA     „  „  35-29% 
PA      „  „  34-31% 

100-39.% 

The  above  27'94%  water  lost  on  ignition  really  includes  some 
fluorine  ;  how  much,  the  scarcity  of  the  mineral  prevented  me  from 
determining.  If  it  did  not  exceed  two  per  cent.,  then  this  specimen  of 
striegisane,  though  clearly  related  to  wavellite,  may  perhaps  serve  to 
strengthen  the  view  that  two  minerals,  differing  merely  by  1  aq., 
have  hitherto  been  included  under  that  species.  The  2%  water  lost 

'in  vacuo  and  the  absence  of  any  further  change  at  100°  are  characters 
of  wavellite  to  which  species  Erdmann^  long  since  releglated  Brei- 

thaupt's  striegisane.  Possibly  the  kalk- wavellite  of  Kosmann^"  may 
belong  here.  At  all  events  I  find  in  it  a  mere  trace  of  lime,  and  a 

rather  high  percentage  of  water  retained  at  100°. 
§  XII.  Peganite,  Sfc. — Amongst  the  numerous  minerals  or  mineral 

varieties  which  have  been  "  split"  into  species  by  some  mineralogists, 
and  by  others  "lumped"  under  wavellite,  there  is  one  which  has 
been  found  at  Nobrya  in  Portugal,  and  which  very  closely  resembles 
some  specimens  of  peganite.  In  looking  over  my  Striegis  phosphates 
I  noticed  a  specimen  which  seemed  to  belong  here.     The  amount 

3  Schw.  J.  L\ix.,  154.  lo  l_  q.  (jes.  .xxi.,  796  (1869). 
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available  for  analysis  was  not  large,  but  tbe  following  results  were 
obtained  with  a  quantity  of  material  sufficient  for  an  accurate  analy- 

sis :  it  should  be  said  that  "Oil  gram  silica  bas  been  deducted  fi'om 
the  amount  taken  for  analysis  : — 

Anal.  9. 
•4085  gram  in  vacuo  over  sulphuric  acid 

lost 

gave 

•0125 
•0545 

■035° 

•164 
•225 

Ho.O  =  3-0C% 
HoO  in  water-oven  =  13-34% 
HoO  on  ignition      -  8-56% 
AI0O3  =  40- 12% 
MgoPoO;  =  35^23%  PA- 

Ifow  these  results  at  the  first  glance  might  be  taken  to  suggest  a 
wavellite  formula,  such  as  SAloOs,  2P2O5,  11  aq.,  which  requires 
almost  precisely  the  percentage  of  water  here  given,  and  nearly  the 
percentages  of  AI2O3  and  P2O5.  But  the  veiy  large  loss  of  water 
suffered  by  this  Striegis  mineral  in  the  water-oven  separates  it  from 
the  species  wavellite  at  once.  And  if  we  consider  the  difficulty  of 
avoiding  an  excess  of  AI3O3  in  an  analysis,  and  the  liability  to  count 
as  water  the  hydrofluoric  acid  which  escapes  on  strongly  heating  a 
phosphate  of  this  group,  I  think  it  may  be  concluded  that  the  ex- 

perimental percentages  of  alumina  and  water  are  both  above  the  truth, 
while  the  phosphorus  pentoxide  should  be  supplemented,  in  critically 
weighing  the  analytical  results,  by  a  small  addition  corresponding  to 
the  lost  fluorine.  Prom  these  considerations  it  is  clear  that  the  speci- 

men now  under  discussion  differs  decidedly  fi'om  wavellite  in  its  slight 
hold  of  most  of  the  water  present,  however  near  it  may  be  in  its  per- 

centage composition.  But  there  is  reason  to  think  that  the  mineral 
under  discussion,  as  well  as  wavellite  itself,  retains  at  ordinary  tem- 
peratui'es  2  or  3%  of  interstitial  or  mechanical  moisture,  which  in 
both  cases  is  easily  removed  in  vacuo  over  sulphuric  acid.  Recalculat- 

ing the  analytical  results  on  this  assumption,  but  without  making  any 
of  the  other  suggested  corrections,  we  reach  the  following  percent- 

ages : — 

Experiment. 
Theorj-. 

Alumina,   

Phosphorus  Pentoxide,  .     , 

Water,   

41-41 

36-34 

22-60 

39-83 

36-79 

23-32 

100-35 100-00 

The  theoretical  numbers  here  given  are  those  required  by  the 
formula  3ALO3,  2P2O6,   10  aq.     If  the  excess  in  the  analytical  per- 
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centages  were  simply  thrown  on  the  alumina,  the  discrepancy  between 
experiment  and  theory  would  not  be  unreasonably  large,  particularly 
as  the  alumina  did  contain  traces  of  ferric  oxide.  The  present  ana- 

lysis is  alluded  to  in  my  classification  table  (§  XT.)  under  the  signature 

"Coeruleolactite,"  for  the  published  analyses  of  that  mineral  (by  Peter- 

sen and  by  Genth)  from  two  localities,  Eindsberg,  jS'assau,  and  Ches- 
ter Co.,  Pennsylvania,  carefully  studied,  lead  to  the  forn^ula  SALOs, 

2P2O5,  10  aq.  above  given.  I  do  not,  however,  find  that  any  experi- 
ments have  been  made,  by  the  analysts  just  named,  to  determine  the 

tenacity  with  which  the  water  in  coeruleolactite  is  held. 

§  XIII.  Coeruleolactite. — It  seemed  important  to  secure  some  in- 
formation on  this  point  in  order  to  learn  what  warrant  there  might  be 

for  including  these  four  minerals  found  respectively  at  Striegis,  at 
Nobiya,  at  Eindsberg,  and  in  Chester  Co.  Pa.,  under  the  same  specific 
name.  With  this  object  in  view,  I  made  the  following  trials  with  a 
picked  specimen  of  coeruleolactite  from  the  last-named  locality  :  the 
percentages  have  been  recalculated  after  the  deduction  of  the  undis- 

solved silica  : — 

Anal.  10.  -1235  gram  lost  in  vacuo  -004  gram  'K^O  =    3-24% 
•1235     „      ,,    in  water-oven  -003     „      HoO  =    2-43% 
•1235     „       „    at  100°  -007     „      HoO  =    5-67% 
•1235     „      „    on  ignition  -018     „      H2O  =  14.57%. 

It  is  worth  while  recalculating  these  results  once  more  after  de- 
ducting the  small  percentage  of  water  lost  in  vacuo.  Then  we  find 

that  the  vacuum-diied  mineral  lost  8*37%  H2O  at  100°C.  in  the  air- 
oven  ;  and  15 '06%  more  on  ignition.  This  result  confirms  my 
conclusions  as  to  the  position  of  the  Striegis  mineral  referred  to  in 
§  XII.,  and  tends  to  show  that  the  group  of  minerals  under  discussion 
may  be  referable  to  a  single  species,  differing  from  wavellite  not 
merely  in  a  lower  percentage  of  water  but  also  in  constitution.  It  is 
true  that  the  analytical  results,  so  far  as  the  percentages  of  water  lost 
at  different  temperatures  are  concerned,  are  not  alike  in  the  two 
minerals  analyzed,  but  in  both  cases  we  have  a  notable  proj)ortion  of 

water  lost  and  a  notable  proportion  retained  at  100°.  This  sufiices  to 
suggest  for  these  minerals  a  constitution  in  which  both  the  normal 

hydrate  and  the  normal  phosphate  bear  parts,  being  p-soeiated  in 
such  a  way  as  to  retain  in  a  measure  their  ordinary  relations  to 
their  own  combined  water. 

§  XIY.  Evansite. — This  species,  from  Zsetczik  in  Hungary,  is  at  once 
the  most  basic  and  the  most  highly  hydrated  of  all  the  native  aluminium 
phosphates.  It  occurs  in  colourless  and  nearly  transparent  nodular 
concretions,  and  was  formerely  mistaken  for  allophane.  The  late 
David  Forbes  analyzed^^  it  with  such  care  that  nothing  remained  to  be 
accomplished,  save  to  ascertain  the  condition  in  which  the  water  exists 

^^  Fhilosophieal  Magazine,  November,  1864. 
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in  the  mineral.  ^N'o  doubt  can  be  entertained  of  the  title  of  evansite 
to  specific  rank,  although  its  claim  has  not  been  duly  recognized  in 

mineralogical  text-books.^-  I  give  here  the  mean  percentages  obtained 
by  Forbes  from  his  three  analyses,  and  the  corresponding  numbers  de- 

manded by  the  formula  he  adopted  : — 

Experiment. 

Theory, 

3Al„03,P,05,i8H20. 

Alumina,   

Phosphorus  Pentoside,  . 

Water,   

Silica,   

Loss,   

39-31 

19-05 

39-95 
1-41 

•28 39-78 

18-35 

41-8" 
100-00                        100-00 

1 

On  placing  the  finely-powdered  mineral  over  sulphuric  acid  in  vacuo 
it  lost  little  more  than  traces  of  moisture  :  but  at  100°,  or  rather  in 
the  Tvater-oven,  a  very  different  result  ensued.    Here  are  the  figures  : — 

Anal.  11.  "37      gram  evansite  lost  in  vacuo  in  36  hours 
•004  ,,  II2O.  At  100°  it  sustained  a  further  loss  of 
•0795  ,,  HoO.  On  moderate  ignition  the  remainder, 
•0685     ,,     H2O,     was  evolved. 

The  percentages  of  water  to  which  the  above  results  correspond  are  as 
foUow : — 

Loosely  combined  water,  lost  at  100°     22-56% 
'Water,  lost  on  ignition,        ....     18"  51% 

Total  water,   41-07% 

Now  if  evansite  contains  I8H2O,  the  loss  of 

10  HoO  corresponds  to  23-26% 8  HoO 

18-61% 

41-87% 

These  numbers  leave  no  doubt  as  to  the  peculiar  position  occupied  by 
evansite  amongst  the  aluminium  phosphates.     In  accordance  with  the 

^2  Eammelsherg's  Mineral-Chemie,  2iid  ed.,  vol.  ii.,  p.  320. 
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system  deduced  from  the  study  of  other  members  of  this  series,  "we 
may  arrange  its  formula  thus — 

3A1A,  P2O5,  8H0O  +  lOaq. 

Here  the  10  aq.  represent  those  molecules  of  water  which  are  disen- 
gaged in  the  water-oven.  How  the  8  H2O  are  combined  with  the 

AI2O3  and  the  P2O5  has  not  been  ascertained,  but  this  may  be  said, 

that  the  fixity  of  this  water  at  or  near  100°  forbids  the  assumption 
that  in  evansite  we  have  an  association  of  AI2P2O82  aq.  with  2  A12H606- 

If  there  be  no  doubt  that  the  entire  molecule  of  evansite  contains 

not  less  than  1 8  of  HgO,  the  relation  of  liskeardite^^  to  this  species  will 
have  to  be  reconsidered.  If  that  mineral  be  "an  arsenical  evansite  " 
it  should  contain  2  molecules  of  water  more  than  have  been  assigned 
to  it.     Its  formula  has  been  expressed  hitherto  thus — 

3E2O3,  AS2O5+  I6H2O, 

where  1^203  represents  alumina  with  some  ferric  oxide. 
§  XY.  The  following  Table  will  prove  useful  in  comparing  the  ex- 

perimental numbers  given  in  this  Eeport  with  those  required  by  theory. 

Proposed  Classefication'  of  ALTTMiNniM  Phosphates. 

Species. 
Formula- 

Theoretical  Percentages  of 

ALO3 

(102-6). 

P0O5 

(l"42). 
H„0 
(18) 

group  I. 

P AI2O3,  P2O5,  2  aq. 36-56 50-61 12-83 

Vabiscite,    .     .     . AI2O3,  PoOg,  4  aq. 32-40 44-85 22-74 

Zepharovichite,   . AI3O3,  P2O5,  6  aq. 29-09 
40-27 

30-63 
p 

AI2O3,  P2O5,  8  aq. 26-40 36-54 37-05 

GROUP  II. 

COERULEOLACTITE,  . 3AI2O3, 2P2O5, 10  aq. 39-83 36-79 23-32 

PWavellite,  .     .     . 3Al203,2P205,llaq. 
38-97 

35-95 
25-07 

PStriegisane,     .     . 3Al203,2P205,12aq. 38-10 35-16 26-74 

13  N.  S.  Maskelyne,  Nature,  August  16th,  1878. 
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Classiticatio:^  of  Axu^.irN'nJir  Phosphates — continued. 

Species. 

Formula. 

Theoretical  Percentages  of 
ALO3 

(l02-6). 

P2O3 

(142)- 

H„0 

(18). 

GROUP  III. 

Caiaite,       .      .     . 

Peganite,     .     .     . 

? 

FlSCHBRITE,  .       .       . 

2AI2O3,  P2OS,  5  aq. 

2AI2O3,  P2O5,  6aq. 

2AI0O3,  P2O5,  7aq. 

2AI2O3,  P2O3,  8aq. 

46-93 

45-08 

43-36 
41-77 

32-48 

31-19 

30-01 

28-91 

20-57 

23-72 

26-63 

29-31 

GEOUP  rv. 

EVANSITE,       .       .       . 3AI2O3,  P2O5,  18  aq. 39-78 18-35 
41-87 

§  XYI.  In  coneludiiig  this  Eeport,  it  is  my  agreeable  duty  to  thank 
the  Eoyal  Irish  Academy  for  the  liberal  grant  which  enabled  me  to 

secure  the  material  upon  -which  I  have  worked.  And  I  cannot  refraia 
from  naming  in  this  place  the  generous  gift  made  to  me  bylTr.  Henry 
Willett,  P.Gr.S.,  of  Brighton.  He  learnt  that  a  large  and  efficient  air- 
pump  was  necessary  for  the  proper  carrying  out  of  the  drying  in  vacuo 
of  the  several  mineral  species  analyzed  during  this  inquiry.  Mr.  Willett 

gave  me  for  this  purpose  one  of  Bianchi's  magnificent  air-pumps,  at  a 
cost  of  something  like  fifty  pounds. 
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LXXYII. — 0^  A  l^Ew  k'SD  Expeditious  Method  eoe  the  DEXEmMTNA- 
TlOi^  OP  THE  l^ITKITES,  UNDER  DUTEEENT  CIRCUMSTANCES,    By  EdMUND 

"W.  Datt,  a.m.,  M.D.,  M.R.I.A.,  Professor  of  Forensic  Medicine, 
Eoyal  College  of  Surgeons,  Ireland,  &c. 

[Eead,  April  24,  1882.] 

As  the  existence  of  Nitrites  and  I^itrates  in  different  natural  waters 

lias  been  regarded  (under  certain  circumstances)  as  affording  eyidence 
of  previous  sewage  contamination,  the  determination  of  the  presence 
or  absence  of  such  compounds,  and  their  quantitative  estimation  when 
present,  in  the  waters  employed  for  domestic  purposes,  may  be  a  mattter 
of  much  importance  in  a  hygienic  point  of  view ;  and  though  we  have 
some  delicate  tests  for  the  detection  in  such  of  the  presence  both  of 
nitrites  and  nitrates,  as  well  as  different  methods  for  their  conjoint 
quantitative  determination,  there  is  no  very  simple  or  expeditious 
method  for  the  separate  estimation  of  nitrites  in  waters,  which  may 
sometimes  be  required,  if  we  except  that  not  long  since  proposed  by 
P.  Grriess,  which  method  I  shall  presently  describe,  and  compare  with 
the  one  I  have  myself  devised,  and  which  I  shall  now  lay  before  the 
Academy. 

In  making  lately  some  experiments  on  certain  nitrites,  I  observed 
a  reaction,  which,  as  far  as  I  am  aware,  has  not  hitherto  been  de- 

scribed ;  and  this  being  one  of  extreme  delicacy,  I  have  founded  on  it 
a  new  method  not  only  for  the  detection  of  the  presence,  but  likewise 
for  the  quantitative  determination  of  the  nitrites  under  different  cir- 

cumstances, but  especially  in  the  case  of  natural  waters,  for  Avhich  it 
is  peculiarly  suitable.  The  reaction  referred  to  is  that  of  nitrous 
acid,  or  of  a  soluble  nitrite,  on  the  well-known  substance,  gallic  acid  ; 
thus  when  an  aqueous  solution  of  that  latter  acid  is  brought  in  contact 
with  a  soluble  nitrite,  the  mixture,  unless  the  amount  of  the  latter 

present  be  very  small,  will  soon  acquire  a  yellow  or  yellowish-brown 
tint,  which  will  increase  in  depth  up  to  a  certain  point,  after  which 
the  colour  remains  permanent,  whilst,  at  the  same  time,  minute 
globules  of  gas  make  their  appearance  in  the  mixture.  If,  however, 
the  quantity  of  nitrate  present  be  exceedingly  small,  it  will  require 
several  hours,  or  even  some  days,  to  complete  the  reaction  at  the  ordi- 

nary temperature.  By  the  application,  however,  of  heat,^  and  bringing 
the  mixture  to  the  boiKng  point,  even  in  the  case  of  the  most  dilute 
solutions,  the  reaction  will  be  completed  in  a  few  moments.  This  de- 

velopment of  colour  under  the  circumstances  stated  is  evidently  due 
to  the  oxidation  of  the  gallic  acid,  at  the  expense  of  the  nitrous  acid, 

-  The  continued  application  of  heat  has  the  effect  of  slightly  diminishing  the 
depth  of  colour  developed  in  this  reaction. 

E.  I.  A.  PROC,  SEE.  II.  VOL.  III. — SCIENCE.  3B 
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whereby  the  compound  known  under  the  name  of  tanno-melanic  acid 
seems  to  be  formed,  whilst  nitric  oxide  and  carbonic  acid  gases  are 
evolved.  The  following  equation  represents  the  changes  which  occur 
in  the  reaction : — 

Gallic  Acid.         Nitr°-    ̂ ^"Tcfd!^^"^"  "^S"   Se.  W^*- 
CvHeOs  +  2HNO2  =  C6H4O3  +  CO2  +  2K0  +  2H2O. 

These  changes,  with  the  development  of  colour,  take  place  in  neutral 
as  well  as  in  acid  solutions,  but  more  readily  in  the  latter,  and  when 
they  are  heated,  than  at  the  ordinary  temperature,  as  already  observed. 
The  colouring  principle  which  is  so  produced  seems  to  be  the  same 
substance  that  is  formed  by  the  gradual  oxidation  of  gallic  acid  in 
aqueous  solution  by  exposure  to  the  air ;  or  when  this  takes  place 
more  rapidly,  by  the  solution  being  rendered  alkaline  by  the  addition 
of  one  of  the  alkalies  before  exposing  it  to  its  influence.  The  colour- 

ing matter  so  formed  is  unaffected  by  diluted  acids — at  least  diluted 
sulphuric,  nitric,  and  hydrochloric  acids  had  no  apparent  effect  on  it ; 
and  the  organic  acids,  acetic,  oxalic,  and  tartaric,  even  in  a  concentrated 

condition,  did  not  seem  to  produce  any  change.  It  is  also  very  per- 
manent, and  does  not  appear  to  be  affected  by  exposure  to  air  and 

light,  even  after  being  a  long  time  subjected  to  their  influence. 
The  depth  or  intensity  of  the  colour  produced  being  in  direct 

proportion  to  the  amount  of  nitrite  reacting  on  the  gallic  acid,  a  ready 
means  is  afforded  for  the  quantitative  determination  of  the  nitrites. 
Thus,  if  a  standard  solution  be  prepared,  containing  a  known  quan- 

tity of  nitrite,  and  if  a  given  amount  of  water  or  solution  under  exa- 
mination yielded  with  gallic  acid  a  certain  shade  or  depth  of  colour, 

and  if  the  same  bulk  of  the  standard  solution,  or  of  a  mixture  of  it 
with  distilled  water  in  known  proportion,  developed  the  same  tint, 
the  former  would  be  considered  to  contain  the  same  amount  of  nitrite 

as  the  latter,  and  by  thus  comparing  the  tints  produced  by  the  waters 
under  examination  with  those  caused  by  solutions  containing  known 
quantities  of  nitrite,  the  quantitative  estimation  of  such  may  be 

quickly  accomplished,  just  as  in  J^essler's  process  (now  so  much 
employed  by  chemists)  the  determination  of  ammonia  is  so  readily 
effected.  Indeed  the  colour  which  is  developed  by  the  action  of  the 
nitrites  on  gallic  acid  most  closely  resembles  that  produced  by  am- 

monia on  Nessler's  reagent.  The  process,  too,  is  conducted  pretty 
much  in  the  same  way,  except  that  we  have  a  standard  solution  of  an 
alkaline  nitrite,  instead  of  one  of  ammonia ;  and  the  test  reagent  is 

one  containing  gallic  acid,  instead  of  !Nessler's  solution;  and  finally, 
that  the  water  or  mixture,  after  the  addition  of  the  gallic  acid  solu- 

tion, and  a  few  drops  of  either  sulphuric  or  hydrochloric  acid,  is 
heated  to  boiling  in  a  test  tube  and  allowed  to  cool ;  after  which  it  is 
placed  in  a  cylindrical  flat-bottomed  glass,  to  compare  more  accurately 
the  degree  of  colour  produced  by  the  water  under  examination  with 
that  containing  some  known  quantity  of  nitrite. 
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The  gallic  acid  solution  which  I  have  employed  for  the  determi- 
nation of  nitrites  is  a  strong  or  saturated  aqueous  one,  which,  if  not 

colourless,  can  be  easily  made  so  by  boiling  it  for  a  few  minutes 
with  animal  charcoal,  filtering  the  mixture  whilst  still  Avarm,  and 
then  adding  immediately  to  the  filtrate  sufficient  sulphuric  or  hy- 
di'ocliloric  acid  to  render  it  strongly  acid,  which  addition  I  hare 
found  prevents,  to  a  great  extent,  the  tendency  of  aqueous  so- 

lutions of  gallic  acid  to  become  of  a  yellow  or  brownish  tint  on 
keeping,  which  well-known  property  is  due,  as  already  observed, 
to  the  tendency  of  that  acid  to  oxidize  under  such  circumstances ; 
but  by  the  addition  of  the  acids  stated,  I  have  kept  solutions  of  gallic 
acid,  which  were  even  exposed  to  the  air  in  open  vessels,  for  over  two 
months  without  undergoing  any  change  in  colour. 

As  to  the  standard  alkaline  nitrite  solution,  it  may  be  readily  pre- 
pared by  decomposing  a  hot  aqueous  solution  of  silver  nitrite  with 

potassium  or  sodium  chloride,  and  after  the  subsidence  of  the  silver 
chloride  formed,  diluting  the  solution  to  the  required  amount.  The 

one  I  employed  was  made,  as  Dr.  Prankland  directs,  in  his  ""Water 
Analysis,"  for  the  preparation  of  the  standard  alkaline  nitrite  solu- 

tion to  be  employed  in  Griess's  method  for  the  determination  of  ni- 
trites, which  is  prepared  as  follows : — 0.406  gram  of  pure  silver 

nitrite  is  dissolved  in  boiling  distilled  water,  and  pure  potassium  or 
sodium  chloride  added,  till  no  more  silver  chloride  is  precipitated. 
The  solution  is  made  up  to  one  litre,  and  the  silver  chloride  being 
allowed  to  settle,  100  c.c.  of  the  clear  solution  is  made  up  to  one 
litre,  of  which  1  c.c.  is  equivalent,  as  he  says,  to  0.01  m.gram  of 
nitrous  anhydride  (jSToOa) ;  and  he  further  adds,  that  this  solution 
should  be  kept  in  closely-stopped  bottles,  quite  full.  A  solution  at 
least  double  this  strength  will,  however,  be  found  more  convenient  for 
my  test.  I  may  also  observe  that  I  have  likewise  used  a  standard 
solution  made  by  taking  the  commercial  potassium  nitrite  and  boiling 
it  along  with  alcohol,  which  will  dissolve  out  the  potassium  nitrite, 
leaving  undissolved  the  nitrate  and  other  impurities  ;  and  this  alcoholic 
solution,  on  evaporation  and  drying  the  residue,  will  furnish  the  nitrite 
suitable  for  this  purpose. 

In  using  this  test  a  convenient  quantity  of  water  to  employ  is 
25  c.c,  which  can  be  easily  heated  in  a  test  tixbe  of  somewhat  larger 
capacity,  along  with  1  or  2  c.c.  of  the  gallic  solution,  and  a  few  drops 
of  sulphuric  or  hydrochloric  acid,  and,  when  the  mixture  has  cooled, 
transferring  it  to  a  flat-bottomed  cylindrical  glass,  where  the  depth  of 
colour  can  be  more  readily  determined,  and  compared  with  that  yielded 
by  equal  bulks  of  different  mixtures  of  the  standard  solution  with 
distilled  water.  But  where  the  amount  of  nitrite  is  very  minute,  it 
will  perhaps  be  better  to  use  at  least  50  c.c.  of  the  water  under  exami- 

nation. I  should  observe  that  the  nitrates  do  not  produce  the  reaction 
described  with  gallic  acid,  and,  unless  they  are  present  in  large  quan- 

tity, do  not  affect  the  test ;  and  that  it  (the  reaction  with  the  nitrites) 
appears  to  be  uninfluenced  by  the  presence  of  the  different  saKne  and 
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earthy  salts  that  occur  in  natural  waters,  as  ■well  as  by  the  organic 
matters  that  may  be  there  occasionally.  It  might  be  naturally 
supposed  that  soluble  salts  of  iron  (which  are  sometimes  present  to 
some  extent  in  certain  waters),  producing  as  they  do  the  well-known 
black  or  ink-like  reaction  with  gallic  acid,  would  preclude  its  employ- 

ment as  a  means  of  estimating  nitrites,  where  the  former  salts  were 
present ;  but  this  is  not  the  case ;  for  the  iron  may  be  separated  by  the 
additioE  of  ammonia  and  filtration,  after  which  I  have  found  that  the 
filtrate,  having  been  acidified,  may  be  treated  with  gallic  acid,  for  the 
estimation  of  nitrites.  It  appears,  therefore,  that  none  of  the  sub- 

stances which  would  be  likely  to  occur  in  natural  waters  interfere 
with  the  employment  of  this  test. 

As  to  what  may  be  the  exact  limits  of  its  indications,  I  have  not 
yet  been  able  to  determine ;  but  I  have  readily  detected,  by  its  use,  an 
amount  of  nitrite  in  water  equivalent  to  one  part  of  nitrous  acid 
in  about  twenty  millions  parts  of  water. 

I  have  made  a  number  of  comparative  experiments  with  this  test 
of  mine  and  those  hitherto  proposed  for  nitrites,  but  chiefly  with  that 
of  P.  Griess,  already  referred  to,  as  Dr.  Prankland  (who  is  one  of  the 

first  chemists  of  the  day)  has  stated  in  his  "  Water  Analysis,"  that  it 
is  the  only  trustworthy  means  we  have  for  the  estimation  of  nitrites. 

This  test,  I  may  briefly  say,  depends  on  the  reaction  of  nitrous 
acid  on  metaphenylene  diamine,  or  meta-diamido-benzol,  a  derivative 
of  benzol,  whereby  an  orange-coloured  compound  is  produced,  by  the 
oxidation  of  this  complex  basic  substance.  This  reaction  is  one  of 
extreme  delicacy,  and  the  test  is  carried  out  pretty  much  in  the  same 
manner  as  the  well-known  Nessler's  method  for  the  determination  of 
ammonia ;  or  of  mine,  just  described,  for  that  of  nitrites ;  the  depth  of 
colour  produced  by  the  test  solution,  with  the  water  under  examination, 
being  compared  with  that  of  one  containing  a  known  quantity  of 
nitrite ;  the  details,  however,  of  the  method  will  be  found  fully  stated 

in  Dr.  Frankland's  "  Water  Analysis." 
From  several  comparative  experiments  I  have  made  with  Griess's 

method  and  that  of  my  own,  I  have  come  to  the  conclusion  that  the 
latter  is  almost,  if  not  quite,  as  delicate  a  test  for  the  nitrites  as  the 
former.  I  have,  however,  observed  this  difference  between  them,  that 
when  the  proportion  of  nitrites  present  was  considerable,  that  then 

Griess's  test  gave  a  more  decided  reaction,  or  that  the  colour  produced 
was  of  greater  intensity  than  in  the  case  of  the  gallic  acid  test ;  but 
that  when  the  amount  of  nitrite  was  exceedingly  minute,  that  then 
there  was  but  little  or  no  difference  in  the  delicacy  of  their  indications. 
In  some  other  respects,  however,  the  test  which  I  have  proposed 
possesses  advantages  over  that  of  Griess ;  thus  the  metaphenylene 
diamine  is  at  present  a  compound  very  difficult  to  be  procured ;  so 
much  so  that  though  I  applied  twice,  lately,  to  one  of  the  best  known 
firms  in  London  for  the  manufacture  of  chemicals  (Messrs.  Hopkin  & 
Williams),  they  were  unable  to  procure  me  a  little  of  that  substance ; 
and  that  which  I  operated  on  was  kindly  given  to  me  by  my  friend 
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Dr.  Tichborne,  "who  procured  it  direct  from  Berlin.  On  tlie  other 
hand,  the  reagent  used  in  my  test  may  be  got  for  a  few  pence  at 

any  druggist's  shop  :  again,  Griess's  test  solution  will  not  keep,  as 
it  quickly  acquires  the  same  colouration  that  is  produced  by  the  reac- 

tion of  nitrous  acid  or  a  nitrite  on  it,  even  when  it  is  kept  in  closely- 
stoppered  bottles;  and  therefore  requires  to  be  freshly  made  and 
titrated  almost  every  time  it  is  employed  ;  whereas  the  gallic  acid  solu- 

tion which  I  have  recommended  will,  I  find,  keep  for  a  very  consi- 
derable time  without  apparently  undergoing  any  alteration  requiring 

its  fresh  titration,  Avhich  is  an  important  advantage.  In  conclusion,  I 
may  add,  that  whatever  may  be  the  comparative  merits  of  the  two 
tests  contrasted,  I  have  but  little  doubt  that  the  one  I  have  proposed 
will  be  found  to  be  a  useful  and  expeditious  method  for  both  the  qua- 

litative and  quantitative  determination  of  the  nitrites  under  different 
circumstances. 
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LXXYIII. — Ojf  THE  JorNTrs'&  or  Eocks  ry  Eelation'  to  EifGnraEEiNa, 
ESPECIALLY    THE   TuX^''ELLIXG   OE  THE    StBAIT   OP  DoVEK.        By  PeO- 
PESSOE  William  Klng,  D.  Sc. 

[Read,  24t]i  Apiil,  1882.] 

PoE  some  years  past  having  been  at  different  times  engaged  in  study- 
ing the  jointed  structure  of  rocks, ^  I  may  lay  some  claim  to  taking  a 

part  in  the  discussion  of  a  question  in  Engineering  -which  public 
enterprise  has  lately  elevated  to  a  subject  of  international  importance. 

But  before  proceeding  further,  I  may  be  allowed  to  make  a  few 
remarks  on  some  points  introductory  to  the  subject  in  hand. 

Already,  it  may  be  assumed,  the  promoters  of  the  proposed 
Channel  Tunnel  have  had  their  attention  called  to  the  probability 
that  the  rocks  to  be  penetrated  are  so  greatly  affected  by  clislocations 

(faults),  and  fi-actures  of  the  ordinary  kind  (that  is,  resulting  from  dis- 
ruption), also  to  some  of  them  possessing  an  openly  porous  character, 

as  to  prove  serious  detriments  to  the  undertaking ;  at  the  same  time  it 
must  be  admitted  that  some  other  points  of  vital  importance  in  sub- 

marine engineeiing  of  the  kind  appear  to  have  been  but  slightly 
attended  to,  or  altogether  overlooked. 

It  is  well  known  that  the  chalk  and  immediately  associated  earlier 
rocks,  in  Kent  and  Sussex,  have  been  flexured  into  the  great  elKptical 
dome,  known  as  the  anticlinal  of  the  weald — its  longitudinal  axis 
running  generally  near  an  east  and  west  course.  The  consequence  is, 
that  the  bedding  of  these  rocks  variously  intersects  the  horizon  from  a 
low  angle  to  a  high  one.  I^ot  unfrequently  the  partings,  which 

define  the  bedding,  are  penetrable  by  water.  JN'ow,  anyone  who has  observed  the  chalk,  with  the  adjoining  tertiary  sands,  clays,  and 

pebble  beds,  in  the  Isle  of  "Wight,  standing  in  a  nearly  vertical  posi- tion, must  admit  that,  if  such  partings  were  at  the  bottom  of  the  ad- 
jacent sea,  the  water  would  necessarily  flow  into  them.  It  may  be 

doubted  that  the  beds  of  chalk  or  other  rocks  in  the  Channel  are 

standing  at  a  high  angle ;  though  in  some  places  in  the  North 

Downs,  notably  St.  Margaret's,  Chapel  Hill,  they  have  quite  a  sudden 
dip,  as  mentioned  by  Hopkins ;  but  there  are  no  positive  grounds  for 

altogether  excluding  fi'om  the  line  of  the  tunnel  beds  lying  at  angles 
not  exempt  from  danger  :  even  if  their  dips  be  as  low  as  15°,  which  is 
a  common  figure,  bedding  partings,  it  is  to  be  apprehended,  would 
serve  as  channels  for  the  water  to  penetrate  to  the  roof,  or  sides  of 
any  submarine  excavation. 

Moreover,  geologists  who  have  examined  the  counties  under  con- 
sideration have  noticed  the  frequent  occurrence  in  the  chalk  of  "  sand 

pipes"   or  ''gravel  pipes" — large  cylindrical  openings  in  a  vertical 

^  Transactions  of  tte  Eoyal  Irisli  Academy,  vol.  xxt.,  pp.  605-662  (1875) ;  An 
Old  Chapter  of  the  Geological  Record  (Appendix),  pp.  107-119  (1881). 
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position,  and  from  40  to  80  feet  deep,  which,  from  the  arrangement  of 
their  contents,  have  evidently  been  swallow  holes,  down  which  water 
passed  into  subjacent  catch  basins. 

That  similar  openings  are  now  in  existence  in  the  Channel  maybe 

considered  as  more  than  probable,  seeing  that  ''  sand  pipes  "  in  Kent, 
as  brought  to  light  by  Professor  Prestwich,  though  at  present  at  a 
considerable  elevation  above  the  sea  level,  must  have  been  at  the  bot- 

tom o''  the  sea  during  some  portion  of  the  Pliocene  period,  since  occa- 
sionally they  contain  the  casts  and  other  remains  of  marine  shells 

{Terelratula  grandis  and  Lutraria  elUptica)  living  at  the  time.^ 
But  dislocations,  fractures  of  disruption,  inclined  bedding  partings, 

porosity  and  sand  pipes,  are  not  the  only  sources  of  water  leakage 
that  may  be  met  with  while  excavating  the  Channel  Tunnel :  another, 
if  a  not  more  serious  one,  remains  to  be  noticed.  Eock  jointing  possesses 
characters  favouring  the  idea  of  its  being  totally  distinct  from  fractures 
of  disruption — rather,  a  divisional  structure  developed  by  no  ordinary 
mechanical  agency;  but  whether  this  be  the  case  or  not,  jointing  re- 

quires to  be  closely  considered  by  alL  parties  immediately  interested  in 
carrying  out  the  proposed  undertaking  to  a  successful  issue. 

The  phenomenon  now  entered  upon  consists  of  regular  and  persist- 
ently parallel  fissures,  characteristic  of  both  stratified  and  unstratified 

rocks :  the  softest  shales  and  hardest  granites  are  alike  affected  by  it ; 

and  these  may  be  of  any  geological  age — from  the  Archseans  up  to  the 
Eocenes.  Altogether  independent  of  bedding  or  stratification,  the 
planes  of  jointing  intersect  those  due  to  deposition,  inasmuch  as  their 
usual  position  is  oblique,  or  rectangular,  to  bedding,  whether  it  be 
horizontal  or  inclined.  Although,  in  general,  from  under  an  inch  and 
often  many  more  apart  (produced  by  the  erosive  action  of  the  water 
and  other  wasting  agencies,  also  by  stratic  disturbances,  making  a  joint 
resemble  an  ordinary  disruptive  fracture),  the  conjunctive  planes  or 
walls  of  a  joint,  in  their  normal  or  original  condition,  are  in  the  closest 
possible  contact,  appearing  as  if  they  had  been  made  by  the  thinnest 
and  sharpest  cutting  instrument ;  and  this  is  equally  the  case  with 
foreign  bodies,  as  blocks  or  pebbles  of  granite  enclosed  in  conglome- 

rates :  the  same  planes  have  not  uncommonly  a  surface  as  smooth, 
and  occasionally  as  lustrous  (like  those  of  mineral  cleavage),  as  if  they 
had  come  direct  from  the  hands  of  a  marble  polisher.  The  joints  lie  at 
varying  distances  from  one  another,  having  usually  one,  two,  or  more 
feet  of  separation ;  but  examples  are  rather  frequent  in  which  they 
lie  from  an  eighth  to  above  an  inch  apart. 

In  the  case  of  rocks  lying  horizontally,  jointing,  besides  affecting  a 

2  Quarterly  Journal  of  the  Geol.  Soc.,  vol.  xiv.,  pp.  322-336.  Being  present  at 
tte  meeting  of  the  Geological  Society  (Jan.  21,  1857),  when  Prof.  Prestwich's 
Paper  was  read,  I  had  an  opportunity  of  examining  the  shells :  the  second  one  was 
stated  to  he  a  Mya-like  species.  From  certain  characters  it  possessed,  I  felt  certain, 
as  I  there  and  then  expressed,  that  it  belonged  to  the  still-existing  species  named 
in  the  text. 
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more  or  less  vertical  position,  is  found  to  be  resolvable  into  two  or 
more  directional  series  or  systems,  each,  being  distinguisbed  by  uniform 
parallelism,  also  by  a  definite  and  an  independent  course,  of  its  mem- 

bers. It  is  also  found  that  these  systems  are  traceable,  as  in  the  lime- 
stone districts  of  the  west  of  Ireland,  over  areas  hundreds  of  miles  in 

extent ;  often,  however,  more  developed  in  some  places  than  in  others, 
or  suddenly  disappearing  here,  and  as  suddenly  setting  in  with  great 
force  elsewhere.  The  remarkable  approximate  parallelism  of  these 
systems  with  the  meridians  and  the  equator  seems  to  give  propriety 
to  one  being  named  meridional  and  the  other  equatorial. 

That  Jointing  ought  to  command  the  closest  attention  of  engineers 
engaged  on  subaqueous  works  must  now  be  evident.  The  following 
case  is  added,  however,  to  make  the  statement  still  more  obvious : — 

During  the  famine  period  of  1845-1848  in  Ireland,  the  Board  of 
Public  Works  commenced  the  construction  of  a  canal  through  beds  of 
Carboniferous  limestone  for  drainage  purposes,  and  the  opening  out  of  a 
water  communication  between  Loughs  Corrib  and  Mask  of  about  four 
miles  in  length.  Eut,  on  nearly  completing  the  work,  it  was  found 
that  the  joints,  well  developed  in  the  limestone,  and  probably  taken 
to  be  little  more  than  superficial,  carried  off  all  the  water,  necessi- 

tating much  additional  and  unexpected  outlay  to  remedy  the  defect. 
Thus  after  an  expenditure,  as  I  am  credibly  informed,  of  £40,000  of 
public  money,  what  was  intended  to  be  a  canal  turned  out  to  be 
nothing  else  than  a  dry  ditch ;  and  as  such  it  still  remains — a  warning 
to  all  engineers  not  to  neglect  becoming  acquainted  with  an  important 
geological  phenomenon. 

Passing  to  the  Channel  Tunnel,  it  is  true  that  this  scheme  has 
nothing  to  do  with  rocks  in  which  jointing  is  so  well  developed  as  in 
the  Carboniferous  limestone  and  other  Primaries.  Still,  with  the  facts 
that  have  been  before  us,  together  with  others  which  are  yet  to  be 
noticed,  I  feel  confident  the  undertaking,  if  it  ever  be  properly 
entered  upon,  will  develop  graver  difficulties  than  any  that  have  been 
conceived  by  those  who  are  actively  promoting  it. 

For  anything  known  to  the  contrary,  it  may  be  safely  assumed 
that  the  rocks  to  be  penetrated  by  the  tunnel  are  the  sandstones, 
shales,  and  chalk  formations,  included  in  the  Cretaceous  andNeocomian 
Systems,  known  to  exist  in  the  counties  that  have  been  mentioned, 
also  in  the  Bas  Boulonnais  on  the  opposite  seaboard  of  Prance, 

As  stated  before,  these  rocks  in  Kent  and  Surrey  have  been  thrown 
into  flexures,  running  axially  in  a  nearly  east  and  west  direction  ;  while 
parallel  with  them  is  a  number  of  dislocations  or  faults,  and  fractures. 
A  marked  feature  of  the  flexures  is,  that  they  are  broken  right  across 
by  transverse  gorges,  seen  particularly  where  they  are  in  the  form  of 
ridges,  through  which  the  main  rivers  flow  into  the  Thames  and  its 
estuary  on  the  north,  and  into  the  Channel  on  the  south. 

Different  hypotheses  have  been  offered  in  explanation  of  these  east 
to  west  valleys  and  north  to  south  gorges :  the  generally  accepted  one 
ascribes  them  to  the  mechanical  forces  which  upheaved  the  wealden 
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anticlinal.  I  am  more  inclined  to  take  the  view  that  they  were  origin- 
ally equatorial  and  meridional  joints  existing  previously  to  the  up- 

heaval, some  having  been  widened  so  as  to  resemble  crevices,  and  others 

converted  into  the  faults  common  in  the  district.  This  view^  may  be 
taken  as  strongly  supported  by  the  fact  that  jointing  of  both  systems 
are  to  be  seen  within  the  area  under  consideration,  occurring  in  beds 

that  can  only  have  been  slightly  disturhed.  JS^ear  St.  Leonards,  one  of  the 
wealden  members,  lying  below  high- water  mark,  is  distinctly  divided 
by  both  meridional  and  equatorial  jointing  in  its  typical  form ;  and,  to 
all  appearance,  it  seemingly  has  no  more  resulted  from  stratic  dis- 

turbances than  the  corresponding  structures  so  wonderfully  developed 
in  the  nearly  horizontal  limestones  in  the  Burren  of  Co.  Clare. 

On  the  opposite  parts  of  Prance  clear  evidences  occur  in  the  chalk 
rocks  of  the  same  coincidences  between  jointing,  faults,  &c.,  highly 
calculated  to  give  rise  to  serious  apprehensions  in  connexion  with  the 

tunnel.  M.  Daubree*  has  mapped  the  river-drainage  of  the  district 
watered  by  the  lower  part  of  the  Somme,  which,  it  is  well  known, 

takes  two  main  directions,  approximately  !N".E.  to  S.W.  and  N.'W.  to S.E.  He  has  also  determined  these  bearings  to  be  in  parallelism  with 
two  systems  of  fracture  referable  to  those  of  jointing. 

If  further  evidences  adverse  to  the  Channel  Tunnel  be  called  for, 

I  would  urge  anyone  to  consult  M.  Daubree's  figures  and  description  of 
a  long  stretch  of  coast  near  Treport,  north  of  Dieppe,  occupied  by 
chalk-cliffs,  crowded  with  vertical  jointing  belonging  to  the  same  in- 

tersecting systems;  also  to  examine  the  ''many  small  faults"  and 
"very  marked  and  constant  joints"  which  characterize  the  chalk-cliffs 
in  many  places  near  Margate,^  and  the  "  numerous  nearly  vertical  cre- 

vices" intersecting  a  bed  of  chalk  fifty  feet  thick  close  to  Lover,  at  the 
base  of  Shakespeare's  Cliff.° 

The  cases  above  noticed  are  sufficient  to  show  the  strong  proba- 
bility that  the  chalk  rocks  to  be  penetrated  are  more  or  less  affected  by 

sources  of  water  leakage  :  indeed  it  may  be  contended  that,  what  with 
inclined  bedding  partings,  faults,  disruptive  fractures,  true  jointing, 
swallow  holes  and  rocli-porosity ,  the  engineers  of  the  Channel  Tunnel 
will  have  a  serious  work  in  hand. 

That  the  tunnelling  of  the  Strait  of  Dover  is  expected  to  bring  out 
adverse  contingencies  is  evidently  anticipated,  as  some  of  the  engineers 
have  proposed  to  line  the  work  with  blocks  of  concrete,  formed  of  chalk 
on  the  spot,  and  gravel  from  a  distance.  But  it  is  extremely  doubtful 
that  this  material  would  have  sufficient  strength,  or  power  of  resist- 

^  Prof.  Haiighton,  M.  Daubree,  and  others,  talte  the  mechanical  view  as  to  the 
origin  of  jointing.  Prof.  Phillips  (whom  I  follow)  leaned  to  what  may  be  called 
the  physical  view. 

*  Etudes  Synthetiques  de  Geologie,  pram,  partie,  324-326,  360. 
5  W.  Whitaker,  Q.  J.  Geol.  Soc,  vol.  xxi.,  p.  396. 
s  W.  Phillips, iV««s.  Geql.  Soc,  1st  S.,  vol.  v.,  p.  34. 
R.  I.  A.  PKOC,  SEK.  II.,  VOL.  Ill, — SCIENCE.  3  C 
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ance,  to  withstand  tlie  force  and  action  of  tlie  water  circulating 
tkrough  all  the  leakages  that  may  be  expected.  I  would,  therefore, 
urge,  as  absolutely  necessary,  should  the  tunnel  be  undertaken,  that 
it  be  lined  throughout  with  masonry  consisting  of  squared  blocks  of 
the  most  resisting,  impervious,  and  endurable  stone.  Obviously,  how- 

ever, this  cannot  be  done  except  at  an  enormous  expense — a  matter 
which  may  be  safely  left  to  be  considered  by  capitalists. 



Hart — Report  on  the  Botany  of  MacgilUcuddyh  Reeks.  573 

LXXIX. — Eepoet  upox  the  Botany  of  the  Micgixlicuddt's  Eeeks, 
Co.  EJEEET,     By  H.  C.  Habt. 

[Eead,  April  24,  1882.] 

Os  the  13tli  July,  1881,  I  reached  Glencar  Hotel,  at  the  "westem 
extremity  of  the  Eeeks.  This  hotel,  upon  the  hanks  of  the  river 
Caragh,  is  a  favourite  resort  for  anglers ;  and  a  hetter  head- 

quarters for  those  who  are  in  search  of  mountain  scenery  could 
not  he  selected  in  Ireland.  Prom  here  I  frequently  traversed 

the  "whole  length  of  the  range,  making  my  way  into  Killarney 
at  night,  and  returning  over  the  mountains  in  another  route  the 
following  day.  I  spent  fifteen  days  amongst  the  Eeeks,  and,  hy 

using  cars  or  hoats  as  much  as'  possible  below,  I  passed  most  of 
those  days  high  up  amongst  the  numerous  alpine  cliffs  and  ridges, 
or  in  the  neighbourhood  of  some  of  the  mountain  tarns. 

The  Eeeks  stretch  from  their  eastern  extremity  at  the  Gap  of 
Dunloe  to  the  end  of  the  Beenbane  spur,  above  the  road  from 
Glencar  to  Cloon  Lake,  a  distance  of  about  ten  miles  west  from 

the  Gap.  The  road  fi'om  Glencar  to  the  Gap  is  a  northern  bound- 
ary, while  the  Black  Yalley,  and  the  valley  of  the  Caragh  define 

the  southern  Limits  of  the  range. 
From  Lake  Auger  in  the  Gap  of  Dunloe  a  series  of  precipitous  bluffs 

carries  us  up  at  once  to  a  height  of  nearly  2000  feet,  which  goes 
on  increasing  along  a  serrated  ridge  till  it  reaches  3000  feet  above 
Lough  Cummeenapeasta,  about  two  and  a-half  miles  west  of  the 
Gap.  This  ridge  can  be  traversed  then  for  the  whole  extent  of 
the  range,  and  forms  the  grandest  bit  of  mountaineering  to  be  met 
with  in  Ireland.  For  several  miles  it  maintains  an  altitude  of 

about  3000  feet,  sometimes  narrowing  into  a  jagged  knife-edge, 
and  here  and  there  descending  abruptly  into  some  of  the  nume- 

rous lakes  nestled  amongst  the  precipices  below.  Upon  reaching  the 
highest  point,  Carran  Tuohill,  3414  feet,  a  northern  branch  extends 
to  Beenkeragh,  3314  feet,  and  to  Skregmore,  2790  feet ;  while  the 
axis  proper  carries  us  on  by  Caher,  3200  feet,  and  Curraghmore,  2680 
feet,  down  to  the  head  of  Cummeenacappul,  where  lies  a  gap  in  the 
ridge,  which  forms  a  connexion  between  Cummeenacappul  on  the  one 

side  and  the  valleys  of  Caragh  and  Cummeenduff  ("  Black  Yalley  ") 
on  the  other  or  south  side.  This  gap  is  perhaps  the  proper  western 
extremity  of  the  Eeeks;  it  lies,  however,  at  about  1000  feet  above 

sea  level,  and  the  Beenbane  spur  rises  again  fi'om  it  to  the  westward, 
finally  descending  to  a  low  level  at  the  river  Caragh.  The  latter  ap- 

peared, therefore,  the  more  natural  boundary. 
The  Eeeks  are  composed  for  the  most  part  of  hard  green  and 

purple  grits,  and  sandstones  of  the  geological  formation  of  Old  Eed 
Sandstone  age.     In  consequence  of  the  firmness  of  these  rocks,  the 
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numerous  ranges  of  cliffs  are  safe  to  climb  amongst,  and  there  are 
few  points  available  for  alpine  plants  that  I  did  not  succeed  in 
examining. 

There  are  several  lakes  in  the  Reeks;  thirteen  fall  within  the 
bounds  above  laid  down.  Some  of  these  are  at  considerable  alti- 

tudes, as  Cummeenoughter  (the  ''Devil's  Looking-glass")  at  2338 
feet,  and  Cummeenapeasta  at  2156  feet;  while,  by  including  Lake 
Acoose  at  500  feet,  we  have  means  of  comparison  at  various  heights 
for  about  2000  feet  of  the  altitudes  at  which  different  aquatic 
plants  can  exist.  All  these  lakes  I  examined ;  but  the  chief  haunts 
of  the  alpine  plants  in  the  Eeeks  lie,  as  a  rule,  at  higher  altitudes 

than  even  the  uppermost  of  these  lakes.  'Bo  general  rule,  except that  of  height,  would  guide  a  botanist  to  the  rarer  plants;  they 
occur  upon  cliffs  with  various  aspects,  at  both  northern  and  south- 

ern sides  of  the  chain.  Absence  of  the  direct  influence  of  strong 
sunlight,  with  moisture,  and  a  sufficiency  of  cliffs,  enable  alpine 
plants  to  descend  to  a  level  more  than  usually  low,  as  on  the  cliffs 
above  Lake  Auger  in  the  Gap  of  Dunloe.  These  latter  are  amongst 
the  worst,  though  at  the  same  time  most  attractive,  cliffs,  to  climb 
throughout  the  Reeks.  It  will  be  found,  however,  that  lowland 
plants  ascend  to  a  more  considerable  height  upon  the  southern  than 
upon  the  northern  flanks  of  the  range.  I  estimated  this  difference  at 
a  rough  average  of  about  500  feet. 

The  most  inviting  ground  for  a  botanist  lies  perhaps  amongst  the 
cliffs  south  of  Lough  Eagher,  at  the  head  of  Cumloughra.  There  is, 
however,  a  high  valley,  or  rather  series  of  coombs,  to  the  north  of 
Lough  Googh,  which  is  more  alpine  in  its  botanical  facies  than  any 
other  point  of  the  Reek.  Most  of  the  alpine  plants  of  the  range  grow 
here  to  perfection,  while  numerous  grottos  shelter  a  luxuriant  growth 
of  ferns,  which  are,  I  think,  inaccessible  enough  to  be  tolerably  safe 
from  the  depredation  of  collectors.  A  good  colony  of  holly  fern  was 
here  discovered,  while  green  spleenwort  and  brittle  fern  are  every- 

where abundant. 
The  variable  Drain  incana  is  also  to  be  gathered  here,  and  several 

saxifrages  are  very  common.  The  amphitheatre  of  cliffs  around  the 

"Devil's  Looking-glass"  is  attractive  ground  for  explorations  also. 
In  the  upper  margin  of  these  precipices  Aira  caespitosa,  var.  aljjina,  a 
viviparous  form,  not  previously  recorded  in  Ireland,  but  known  on 

the  Scottish  Highlands,  is  frequent.^  I  have  gathered  this  form  also 
upon  Baurtregaum  in  the  Slieve  Mish  range,  west  of  Tralee,  at  2200 
feet,  and  upwards.  From  the  crest  of  these  cliffs  westward,  above 

the  ''Looking-glass,"  the  view  obtained,  as  one  looks  across  the 
lonely  tarn  below,  through  a  vista  opening  up  the  Hag's  Glen,  and 
its  towering  precipices  surrounding  its  two  lakes,  stretching  far  east- 

ward amongst  heights  and  peaks  across  a  broad  valley,  to  be  closed  up 

See  under  Aira  at  3100  feet,  2'>ost. 
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again  by  the  lofty  summit  of  Cummeenapeasta  against  the  sky,  is  one 
whicli  I  have  never  seen  siirpassed  in  grandenr  and  beauty  combined. 

The  highest  altitude  at  which  I  observed  cultivation  was  at  about 

800  feet  in  the  Hag's  Glen,  and  730  feet  in  Cummeenacappul  on  its 
western  side.  But,  while  the  base  of  the  chain  is  mountainous  in 
character  and  undoubtedly  part  of  the  mass  of  mountains  forming  the 
Eeeks,  it  seems  unadvisable  to  set  an  artificial  downward  limit  to  my 
enumeration  of  the  flora  of  the  chain.  There  is  so  interesting  a  low- 

land flora  in  Kerry,  that  it  seemed  to  me  quite  as  important  to  note 
how  these  species  below  were  checked  in  their  distribution  on  its 
flanks  by  a  mountain  chain,  as  to  study  the  range  of  the  plants 
amongst  the  mountains  themselves. 

I  have  used,  in  my  appended  catalogue,  the  names  of  places  as 
given  in  the  Ordnance  Map.  These  are  very  scanty,  so  that  I  have 
given  the  summits  above  the  Lakes  Cummeenmore,  3141  feet,  and 
Cummeenapeasta,  3062  feet,  the  names  of  these  lakes  respectively. 
In  adopting  the  names  to  be  found  on  the  Ordnance  Maps,  I  did  what 
appeared  to  be  necessary  for  purposes  of  reference;  but  the  local 
names  are  often  quite  different,  and  frequently  the  names  on  the  Map 
were  quite  unknown  in  the  country.  One  advantage  the  Maps  of  this 
district  possess,  namely,  the  levels  above  the  sea  of  the  mountain  lakes, 
which  are  given  on  the  Six-inch  Survey.  In  order  to  show  that  ane- 

roid observations  are  sufficiently  reliable,  I  append  a  list  of  the  heights 
of  these  lakes,  as  estimated  by  me  on  the  spot,  with  those  recorded  by 
the  survey  afterwards  taken  down  in  Dublin : — 

AXEKOID. 

Lake  Googh, 
,,  Callee, 
,,  Gouragh, 
,,  Curraghmore, 
,,  Cummeenoughter, 
,,  Cumloughra, 
„  Eighter, 
,,  Acoose, 

1600  feet  above  sea  level, 1100  ,, 
1150  „ 
1000  „ 
2400  ,, 
1550  „ 
1500  „ 
500  „ 

SmtvET. 

1590. 
1095. 
1126. 
1004. 
2338. 

1553. 
1424. 
507. 

The  district  examined  yielded  in  all  220  species ;  of  these  the  fol- 

lowing ten  alpine  plants  belong  to  "Watson's  Highland  type : — 
Draba  incana. 
Sedum  Rhodiola. 

Hieracium  anglicum. 
Oxyria  reniformis. 
Salix  herhacea. 

Carex  rigida. 
Pohjstichum  Lonehitis. 
Asplenium  viride. 
Isoetes  lacustris. 

To  these  may  be  added  the  following  sub-species : — 

Armeria  alpina, 
CocJilcaria  alpina, 

Aira  alpina, 
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and  Lycopocliiim  alpimim,  wliich  Mr.  More  informs  me  lie  has  gathered 
upon  the  Eeeks,  but  which  I  failed  to  notice. 

Considering  the  extent  of  elevated  cliffs,  the  above  is  a  poor  alpine 
flora.  The  northern  or  Scottish  type  plants  are,  considering  the  lati- 

tude, at  least  as  well  represented ;   these  are  :  — 

Suhularia  aquatica.  Empetrum  nigrum. 
Saxifraga  liirta.  Carex  limosa. 
A^itennaria  clioica. 
Lobelia  Bortmanna. 

As  might  be  expected,  from  the  western  situation,  several  of  "Wat- 
son's Atlantic  type  plants  find  their  way  up  the  slopes  of  the  Reeks, 

as — 
Sedum  anglicum.  Pinguicula  lusitanica. 
Cotyledon  umlilicus.  Euphorhia  hyherna. 
Carum  verticillatum.  Scirpus  savii. 
Bartsia  viscosa.  Hymenophyllum  tunbridgense. 

H.  Wilsoni. 

The  undermentioned  species  are  peculiarly  interesting  as  not 
being  native  in  Great  Britain  : — 

Saxifraga  geum.    \  Pinguicula  grandiflora. 
S.  umirosa.  >  Trichomanes  radicans. 
S.  Mrsuta. 
Arlutus  TJnedo, 

The  following  are  rare  plants  in  Kerry,  for  which  I  discovered  new 
localities  on  the  Eeeks  : — 

Thalictrum  minus.  Sieracium  anglicum. 
Sulularia  aguatica.  Pmpdrum  nigrum. 
Elatine  liexandra.  Salix  herlacea. 

Filago  minima.  Malaxis  paludosa. 
Antennaria  dioica.  Sparganium  natans. 

Carex  limosa. 

Polystichum  Lonchitis. 

As  these  are  the  highest  mountains  in  Ireland,  I  recorded  the 
ranges  of  plants  with  much  care,  and  repeated  corroboratory  checks. 
I  mention  this  lest  it  be  thought  my  notice  of  altitudes  is  given  too 
profusely. 

Further,  I  purposely  refrain  from  making  any  general  statements 
with  regard  to  mountain  botany,  or  remarks  of  comparison  with  other 
Irish  ranges,  until  better  enabled  to  do  so  by  a  more  complete  ex- 
perience. 

I  wish  here  to  make  a  remark  upon  the  saxifrages :  Having 
submitted  a  series  to  Mr,  Baker,    of  Kew,   he   refers   all  the  8. 
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hypnoides  forms  to  S.  hirta,  Sm.  This  plant  is  very  variable,  and 
occurs  in  two  well-marked  forms,  the  typical  plant  occurring  at 
greater  heights,  and  usually  in  more  alpine  situations  and  amongst 
alpine  neighbours.  Specimens  from  Baurtregaum,  on  the  Slieve  !Mish 
range  Mr.  Baker  has  called  S.  affinis,  Don.  It  is  quite  indistinguish- 

able from  the  plant  of  the  Eeeks  ;  but  bears  sometimes  a  close  resem- 
blance to  S.  cces2ntosa,  Linn.  Unfortunately  an  inversion  of  names 

appeared  in  my  "  Pteport^  on  the  Botany  of  the  Galtee  Mountains." 
I  have  there  said  that  8.  platypetala  is  the  form  usually  met  with  in 

wetter  mossy  places  at  low  levels  by  streams;  "while  8.  Mrta,  var. 
genuina,  the  finest  cut  form  with  bristle-pointed  leaves,  is  especially 
characteristic  of  the  bases  of  the  loftier  cliffs."  These  names  should 
be  transposed.  S.  platypetala  of  the  Galtees,  this  finest  leaved  form, 
is  very  distinct  in  appearance,  more  so,  I  think,  than  any  of  the  others ; 
it  is  named  8.  sponheimica,  Grm.,  by  Baker,  and  I  have  only  met  with 
it  upon  the  Galtees. 

~\\^ith  regard  to  the  >S'.  umhrosa  forms ;  as  we  travel  westward  S. geum  becomes  more  prevalent.  On  the  Galtees  S.  umbrosa  alone 

occurs ;  on  the  Eeeks  >S'.  umlrosa  is  most  abundant ;  but  S.  geum 
is  frequent,  while  >S',  Mrsuta  occui's.  >S'.  ge%im,  however,  never 
ascends  to  any  great  height  on  the  Eeeks,  finding  its  upper  limit 
at  1650  feet  in  Cumloughra,  while  8.  Jiirsuta  is  quite  lowland. 
On  the  Slieve  Mish  Mountain,  west  of  Tralee,  8.  geum  prevails  at 
2500  feet,  and  is  abundant. 

GENEEAL  LIST  OE  PLANTS 

Observed  on  the  Macgillictjbdx's  Eeezs,  arranged  in  descending  order. 

SuMani  OF  Caeea:n'  Tuohlll. 

3414  feet. 

Galium  saxatile  (Linn.) — On  all  the  summits,  and  downwards. 
Vaccinium  Myrtilkis  (Linn.) — On  all  the  summits,  and  downwards. 
Armeria  maritima  CWilld.) — Occurs  on  all  the  highest  points  com- 

monly, and  reaches  downwards  to  1900  feet  on  the  cliffs  of 
Caher,  S.W.  from  Cumloughra;  and  1000  feet  on  the  muddy 
shore  of  Curraghmore  lake. 

Rumex  Acetosa  (Linn.) — On  all  the  summits,  and  downwards. 

R.  acetosella  (Linn.) — IS'ot  so  common  as  the  last;  occurs  again  at  3070 feet,  S.W.  from  Lough  Cummeenapeasta,  and  elsewhere. 

Luzula  siilvatica  (Bichen.) — "With  the  last,  and  on  the  summit  above Lough  Cummeenmore  at  3070  feet;  decreases  at  2000  feet,  and 
scarce  lower  than  1500  feet  in  Cumloughra. 

2  These  Proceedings,  antea  p.  392. 
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Aira  flexuosa  (Linn.) — Common  at  all  heights. 

Agrostis  vulgaris  ("With..) — Common  at  all  heights. 

Caeean  Ttjohill  (j^okth  Side). 

3400  feet. 

Saxifraga  stellaris  (Linn.) — Occurs  on  Caher  at  3100  feet,  north  side ; 
reaches  to  1050  feet  on  Bull's  Mountain,  and  finds  its  lowest 
limit  at  750  feet  by  the  stream  in  Cummeenacappul. 

3370  feet. 

Saxifraga  umlrosa  (Limi.) — UniTersally  distributed;  see  introductory 
remarks. 

Summit  oe  Beenkeeagh. 

3300  to  3314  feet. 

Mnpetrum  nigrum  (Linn.) — From  3000  feet  to  the  summit;  does  not 
occur  on  the  Carran  Tuohill  or  Caher  heights.  It  ranges  across 

the  Hag's  Glen  to  Cummeenapeasta,  where  it  is  very  abundant, 
and  the  neighbouring  heights,  finding  its  lowest  limit  at  1700  feet 
on  the  east  side  of  the  Glen.  It  occurs  also  on  the  Gap  from  the 

Hag's  Glen  to  Cui-raghmore  Lake,  and  at  the  Hag's  Tooth. 
Calluna  vidgaris  (Salisb.) — The  upper  part  of  Carran  Tuohill,  though 

containing  suitable  soil,  appears  to  be  above  the  vertical  limit  of 
this  plant ;  it  was  very  stunted  in  the  present  station,  and  at 
Cummeenmore  (3140  feet)  it  was  dwarfed  and  dead.  It  struggles 
up  to  3250  feet  on  Carran  Tuohill. 

Festuca  duriuscula  (Linn.) — Also  at  3140  feet  on  Cummeenmore; 
viviparous  at  3100  feet  on  Caher. 

Juncus  squarrosus  (Linn.) — Up  to  3000  feet  on  Caher. 
Carex  stelhdata  (Good.) — 3050  feet  on  Caher ;  3000  feet  down  Cum- 

meenapeasta. 
Symenoi^hjllum  Wilsoiii  (Kook.) — This  fern  is  very  abundant,  forming 

carpets  amongst  the  loose  boulders  on  the  summit  of  Beenkeragh; 
at  2900  feet  on  the  Caher  cliffs,  S.  W.  from  Cumloughra,  and  fre- 

quent at  lower  heights. 

Caiiea:n"  Ttjoboxl  (S.  "W.  Side). 
3230  feet. 

Thymus  Ser])yllum  (Linn.) — Yery  common  from  about  3000  feet  down- 
ward, especially  about  Cumloughra;  at  3100  feet  on  Been- 

keragh. 

3200  feet,  I^.  W.  side. 

Viola  sylvatica  (Bab.) — Occurs  up  to  3100  feet  on  the  north  side  of 
Caher. 
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Leontodon  autumhalis  (Linn.) — In  small  quantity  at  this  unusual 

height ;  again  at  2690  feet,  S.  "W.  side  of  Carran  Tuohill,  and 2250  feet  ia  Cumloughra. 

Cluts  above  Lough  CuiriiEEJiOTJGHTEE  (the  "Devil's  Looking- 

glass  " )  ON  Caeean  Ttjohill. 

3150  feet. 

Saxifraga  hirta  (Sm.) — (var.  gemiina) — The  commonest  form  amongst 
the  upper  cliffs,  and  occurring  downwards  as  far  as  Lake  Eighter, 
1500  feet.     This  latter  is  the  lower  limit  of  all  forms  of  the 

present  species.     See  introductory  remarks. 

Sedum  Rhodiola  (D.C.) — Frequent,  and  occurring  at  1200  feet,  its  lower 

limit   on   Bull's  ilountain,  above  Lake   Auger,    in  the  Gap  of 
Dunloe ;    2900  feet   on  Cummeenapeasta ;  2850  feet  on  Caher. 
Ceases  at  1700  feet  above  Lough  Curraghmore. 

Melampynim  pratense  (Linn.) — (var.  montanum) — And  at  3120  feet  on 
the  south  side  of  Caher;  at  3100  feet  on  Carran  Tuohill  and 
Beenkeragh,  &c. 

Oxyria  reniformis  {Kook.) — Ln  most  of  the  upper  gullies;   to  1650 
feet  in  Cumloughra;    and  1500  feet  on  Mount  Brassel,  above 
Lake  Callee. 

Cystopteris  fragilis  (Bernh.) — Very  luxuriant  above  Lake  Googh  at 
about  2500  feet ;   and  in  Cumloughra  at  1400  feet  above  Lake 
Curraghmore  on  cKffs  looking  south;  disappears  here  as  a  mountain 

plant. 
Lmtrcea  Filix-mas  (Presl.) — A  stunted  mountain  form,  is  frequent  at 

the  head  of  the  Hag's  Glen;   Caher,  2850  feet;    Cumloughra, 2400  feet. 

Blechmim  loreale  (Sw.) — l!^ot  frequent  till  about  2800  feet. 
Asphnium  viride  {Kvi([s.) — At  2850  feet  above  Cumloughra;   lower 

limit  at  1850  feet  ia  Cumloughra.     Eemarkably  luxuriant   in 
the  coombs  above  Lough  Googh ;  a  common  plant  at  a  sufficient 
height  on  the  Eeeks. 

Caeean  Tfohtll  (S.-W.  Side). 
3120  feet. 

JPotentilla  Tormentilla  (Schenk.) — And  at  3000  feet  on  Caher ;  abun- 
dant from  that  height  downwards. 

Cahee  (Souih  Side.) 

3120  feet. 

Campanula  rotundifolia  (Linn.) — At  3100  feet  at  the  head  of  the 
Hag's  Glen ;  frequent  from  two  to  three  thousand  feet  in  Cum- 

loughra ;  disappears  at  1860  feet  above  Lough  Curraghmore. 

R.  I.  A.  PEOC,  SEE.  11.,  VOL.  Ill, — SCIENCE.  3  D 
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Lu%ula  campestris  (D.  C.) — Again  at  2850  feet,  Cumloughra;  not  un- 
frequent. 

Carex  pilulifera  (Linn.) — And  at  2350  feet,  Cumlouglira ;  800  feet  in 
Cummeenacappul ;  not  common. 

Nardus  stricta  (Linn.) — Occurs  also   at  2690  feet  on  S.-"W.  side  of Carran  Tuohill ;  common  below  that. 

Caeean  Tuohixl  (Noeth  Side). 

3100  feet. 

CocMearia  officinalis  (Linn.) — Yar.  alpina  ;  in  gullies  above  Cummeen- 
oughter  ;  lower  limit  at  Cumlouglira  Lake  level,  1550  feet. 

Air  a  ccespitosa  (Linn.) — var.  mvipara ;  A.  alpina  (Linn.) — TMs  form  is 
well  marked  at  the  present  height  and  all  around  the  cliffs  at  about 
2700  to  2800  feet  above  Cummeenoughter  to  Beenkeragh ;  at  the 

level  of  the  Devil's  "Looking-glass"  (2360  feet)  it  is  found  in  an 
intermediate  stage,  and,  travelling  still  downwards,  we  find  normal 
A.  ccespitosa  immediately  below  by  the  shores  of  Lough  Gouragh, 
at  1150  feet.  In  A.  G.  More's  "Eecent  Additions  to  the  Flora  of 

Ireland"  he  records  A.  ccespitosa,  "which,  except  that  the  florets 
are  not  viviparous,  Dr.  Syme  considers  indistinguishable  from 

the  Scottish  A.  alpina;  grows  near  the  summit  of  Carn  Tual." 
I  found  it  commonly  viviparous,  and  constantly  so  at  its  upper 
limit.  Mr.  Baker  refers  to  it  A  ccespitosa,  var.  vivipara.  It 
is,  no  doubt,  identical  with  the  Scotch  plant. 

ElDGE  BETWEEN  LaKE  CuERAGHMOEE  AND  LaKE  CuMMEENAPEASTA. 

3070  feet. 

Zuzula  multiflora  (Lej.) — Common  downwards. 

Ridge  between  Caeean  Tuohill  and  Beenkeeagh. 

3050  feet. 

Jasione  montana  (Linn.) — Becoming  frequent  at  about  2600  feet  in 
Cumloughra. 

Carex  rigida  (Good) — Frequent  from  2900  to  2300  feet  above  Cum- 
loughra; lower  limit  at  2100  feet  in  Cumloughra. 

Summit  above  Lake  Cummeenapeasta. 

3050  feet. 

Salix  herhacea  (Lmn.) — At  3000  feet  on  the  north  side   of  Caher; 
plentiful  on   the   cliffs   between  Caher  and  Cumloughra,   from^ 
2700  to  2350  feet,  below  which  I  did  not  meet  with  it.  Frequent 
along  the  ridge  between  Cummeenapeasta  and  Curraghmore  lakes, 
and  on  Carran  Tuohill  at  the  northern  side. 

Lycopodium  Selago  (Linn.) — Frequent  to  about  2300  feet ;  lower  limit 
at  1860  feet  above  Cumloughra. 
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Caekan  Tuohill  (S,-"W.  Side). 
3030  feet. 

Anthoxanthum  odoratum  (Linn.) — Again  at  2850  and  2450  feet  in 
Cumloughra ;  and  then  becoming  frequent. 

ElDGE  ABOVE  CuMMEENAPEASTA  LakE. 

3000  feet. 

Cerastium  triviale  (Lint.) — At  2610  feet  on  Caher;  then  frequent. 
SoUdago  Virga-aurea  (JAmi.) — At  2776  feet  above  L.  Curraghmore  ; 

frequent  in  Cumloughra,  &c. 

Lastrea  dilatata  (Presl.) — At  2350  feet,  close  to  the  lake,  inCummeen- 
oughter;  at  2100  feet  in  Cumloughra,  and  then  becoming  fre- 

quent. 
2950  feet. 

Ranunculus  acris  (Linn.) — At  2850  and  2450  feet,  Cumloughra ;  and 
then  frequent. 

Clipes  between  Caher  and  Ctjmlotjghea. 

2940  feet. 

Cardamine  pratensis  (Linn.) — At  2550  feet  S.-W.  side  of  Carran  Tuo- 
hill,  and  at  2450  feet,  Cumloughra. 

2900  feet. 

Antennaria  dioica  (Goert.) — Yery  rare  ;  only  a  few  plants  noticed. 

Caeean  Tuohill  (S.-W.  Side). 

2880  feet. 

JEuphrasia  officinalis  (Linn.) — And  from  about  the  same  height  on 
Caher;  common, 

E,IDGE  between  CaHEE  AND  CaEEAN  TtJOHILL. 

2850  feet. 

Asplenium  Trichomanes  (Linn.) — This  fern  is  scarce  at  any  considerable 
altitude  in  the  Eeeks ;  it  is  more  frequent  in  the  Gap  of  Dunloe  on 
the  Bull's  Mountain  than  elsewhere. 

S.-Easteen  Side  op  Caeean  Tuohill,  above  L.  Cijeraghmgee. 

2800  feet 

Orchis  maculata  (Linn.) — Not  met  with  elsewhere  at  any  great  height. 



582  Proceedings  of  the  Royal  Irish  Academy. 

Summit  I^.-E,  from  L.  Ctjeeaghmoee, 

2776  feet. 

Eriophorum  vaginatum  (Linn.) 

Cliffs  S.-W.  feom  Cumiotjghea. 

2610  feet. 

Angelica  sijhestris  (Linn.) — Afterwards  not  nnfreqnent ;  2550  feet 
above  Lough  Googh. 

Poly  podium  vulgar  e  (Linn.) — Common  below. 

Caeean  Ttjohul  (S.-W.  Side). 
2550  feet. 

Ranunculus  repens  (Linn.) — Eare  at  great  heights;  2450  feet  on 
Caher. 

Viola  palustris  (Linn.) — 2200  feet  above  Lake  Googh ;  frequent  at 
lower  levels. 

Ca/rexflava  (Linn.) — Common  at  lower  levels,  from  2300  feet  down- 
wards. 

Cliffs  Noeth  of  Lake  Googh. 

2550  feet. 

Praia  incana  (Linn.) — And  at  2470  to  2380  feet  on  cliffs  looking 
south  between  Cummeenmore  and  the  Black  Yalley.  In  two 
distinct  gullies  here,  and  not  scarce  in  a  limited  space  above 
L.  Googh.  Only  occurs  on  the  south  side  of  the  Eeeks.  Yaries 
much  in  hairiness,  incision  of  leaves,  etc. 

Cardamine  hirsuta  (Linn.) — Again  at  1390  feet  in  the  central  gully 
from  Cumloughra  ;  not  at  greater  altitudes. 

Stellaria  media  (With.) — Not  met  with  elsewhere  at  any  great  height ; 
975  feet,  Beenbane. 

Veronica  Chamcedrys  (Linn.) — Again  at  2470  feet  on  the  southern  side 
of  Cummeenmore,  and  1950  feet  in  Cumloughra. 

Poa  annua  (Linn.) — Again  at  2250  feet  on  the  southern  side  of  Cum- 
meenmore, and  at  2400  in  Cummeenoughter. 

Carex  linervis  (Sm.) — And  at  2470  feet  in  Cummeenoughter  ;  common 
below. 

C.  panicea  (Linn.) — An  unusual  height  for  this  sedge;  1850  feet, 
Cumloughra. 

Polystichum  Lonchitis  (Eoth.) — I  discovered  a  colony  of  well-grown 
plants  of  the  holly  fern  in  a  tolerably  safe  position  here.  I  trust 
any  future  visitor  will  disturb  it  as  little  as  I  did.  This,  one  of 
the  rarest  Irish  ferns,  grows  also  sparingly  on  Mangerton  and 
Brandon  in  Kerry.  Elsewhere  in  Ireland  it  occurs  Only  on  the 
Ben  Bulben  and  Glenade  ranges. 
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Cliffs  above  Cummeenottghtee  (''  Devil's  Looking-glass.") 
2500  feet. 

Sieracium  anglmim  (Fries.) — At  2080  feet,  cliffs  south,  of  Cummeen- 
more ;  in  Cumloughra  and  on  Bull's  Mountain  in  several  places,  and 
finding  its  lowest  limit  on  the  Bull's  Mountain  cliffs  ahove  Lake 
Auger  in  the  gap  of  Dunloe  at  1 100  feet ;  not  previously  recorded 
from  the  E,eeks. 

Cahee,  above  Cummeewacappttl. 

2500  feet. 

Mrica  cinerea  (Linn.) — A  small  isolated  patch,  of  heather  occurs  on  the 
southern  brow  of  the  ridge  between  Curraghmore  and  Caher ;  as 
a  feature  in  the  vegetation  it  ceases  upwards  here  at  2200  feet. 

Ceases  at  2200  feet  on  Cummeenmore;  at  2150  feet,  Bull's 
Mountain;  at  1950  feet,  Cumloughra,  and  at  1700  feet  above 
L.  Curraghmore. 

Caeean  TiroHiLL  (S.-W.  Side). 
2480  feet. 

Chrysosplenium  oppositifoUum  (Linn.) — And  at  2470  feet,  south  side 
of  Cummeenmore  ;  then  frequent. 

Ctjmmeenmoee,  South  Cliffs  above  Ctjmmeenduff  (Black  Yalley.) 
2470  feet. 

Taraxacum  Dens-Leonis  (Drof.) — And  at  2250  feet  and  1950  in  the 
central  glen  from  Cumlougbra. 

Polystichum  aculeatum  (Both.) — And  at  900  feet  in  Cummeenacappul ; 
scarce. 

Caeean  Tfohill  (S.-W.  Side). 
2440  feet. 

Poly  gala  depressa  ("Wend.) — True  P.  vulgaris  occurs  at  2400  feet  at 
the  ''  Devil's  Looking-glass." 

Hypericum pulchrum  (Linn.)  \  Again  at  2200  feet  on   south  side  of 
>      Cummeenmore  Mountain. 

Pedicularis  sylvaiica  (Linn.)  )  Soon  becoming  common. 

SoiriH  Side  oe  Cummeenmoee. 

2380  feet. 

Carex  puliearis  (Linn.) — Also  at  1800  feet  above  Lough  Curraghmore ; 
rather  scarce. 

Rhinanthus  crista-galli  (Linn.) — And  at  1500  feet,  Bull's  Mountain, 
above  the  Gap  of  Dunloe. 
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ClJMMEENMOEE,  BY  THE  LaKE, 

2350  feet. 

Ranunculus  Ficaria  (Linn.) — And  at  2250  and  1950  feet  in  Cum- 
loughra, 

2338  feet  (Ordnance  height.) 

Isoetes  lacustris  (Linn.) — And  in  Lake  Eighter,  1500  feet. 

Cliffs  S.-W.  eeom  Ctjmloughea. 

2300  feet. 

Pyrus  Aumparia  (Linn.) — A  solitary  seedling.    Again  at  1360  feet  on 
Beenbane ;  scarce  on  the  Reeks. 

South  Side  op  Ctjmmeenmoee. 

2300  feet. 

SteUaria  uUginosa  (Murr.) — And  at  1553  feet,  level  of  lakes  in  Cum- 
longhra  ;  frequent  below  this  last  height. 

Head  oe  Cfmloughea. 

2300  feet. 

Athyrium  Filix-fcemina  (Eoth.) — Not  elsewhere  at  any  considerable 
height. 

2250  feet. 

Oxalis  Acetosella  (Linn.) — Becoming  frequent  at  about  1800  feet. 
Diyitalis  purpurea  (Linn.) — At  the  same  height  on  the  southern  side 

of  Cummeenmore ;  not  frequent  for  about  a  thousand  feet  down. 

Molinia  carulea  (Maench.) — Not  abundant  for  about  seven  hundred 
feet  lower  down. 

Juncus  conglomeratus  (Linn.) — Frequent  in  upper  valleys. 

Above  Lae:e  Cummeenmoee. 

2250  feet. 

Pinguicula  grandiflora  (Lam.) — I  gathered  this  beautiful  plant  in 
flower  at  this  height,  and  again  at  1780  feet  in  the  Hag's  Glen. 

South  Side  of  Cummeenmoee  Mountain. 

2250  feet. 

f  Several  lowland  plants  reach  an  unusual 
I  height  on  this  southern  face  of  the 

Veronica  officinalis  (Linn.)  J  Reeks  above  the  Black  Valley.  Prim- 
Primula  vulgaris  (Linn.)  |  rose  occurs  again  at  1850  feet,  Cum- 

I  loughra;  Veronica  officinalis  at  1063 
t     feet  above  Curraghmore  Lake. 
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2200  feet.  ' 
Ulex  GalUi  (Planch.) — Also  at  2000  feet  on  Caher  above  Cummeena- 

cappul,  1350  feet  in  the  Hag's  Glen,  and  1480  onBeenbane ;  quite 
unusual  heights  for  the  dwarf  furze. 

c!-^„„„  rn       •    fT-      \       (  See  under   Primula  vulgaris.    Plantaqo 
■Dj^.  4       J         7  ̂    fT      \    1       lanceolata  occurs   at  1800  leet  above 
T„,^„„,    „  4-14     /T-       \     ]      -Li-  Curraghmore.     iipircea  Umanazx Juncus  arttculatus  (Linn.)     I      iocaj;j.i,        n         \,  ti 

^  ^     f       1350  leet  above  Curraghmore  Lake. 

Head  of  Cumloitghea. 

2150  feet. 

Poa pratensis  (Linn.) — Scarce. 

NoKTH  OE  Lough  Googh. 

2100  feet. 

Alchemilla  vulgaris  (Linn.) — Scarce  ;  at  1400  feet  on  Beenbane. 
Aira  coespitosa  (Linn.) — See  under  A.  alpina  at  3100  feet  above.     At 

2080  feet  on  the  south  side  of  Cummeenmore  Mountain. 

Lastrcea  cemula  (Brack. ) — A  remarkable  altitude  for  this  fern  j  occurs 
also  at  1340  feet  above  Lake  Cummeenmore. 

Cliff  ai  S.  W.  of  Cumloughka. 

2100  feet. 

Piny uieula  vulgaris  (Linn.) — Again  at  1750  feet  in  the  Hag's  Glen. 
It  is  very  unsafe  to  attempt  to  distinguish  this  plant  from  P. 
grandiflora  when  not  in  flower. 

South  Side  of  Cummeenmoke  Mountain. 

■   2080  feet. 

Thalicirum  minus  (Linn.) — At  1500  feet  on  Mt.  Brassel,  above  Callee 

Lake,  and  in  several  places  from  1400  feet  to  980  feet  on  Bull's 
Mountain  above  the  Gap  of  Dunloe. 

Hypericum  Androsoemum  (Linn.) — An  unusual  altitude  for  this  plant  to 
be  found  at ;  in  one  place  only.  See  remarks  under  Primula  vul- 

garis at  2200  feet. 

Cahee,  above  Cummeenacappul. 

1950  feet. 

Erica  tetralix  (Linn.) — Finds  its  upper  limit  at  1750  feet  in  Cum- 

loughra ;  at  1550  feet  on  Cummeenapeasta,  in  the  Hag's  Glen, 
and  at  1650  feet  above  Lake  Curraghmore. 

Carex  glauca  (Scop.) — Again  at  1650  and  1550  feet,  Cumloughra,  &c. 
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Head  or  Cumloughka. 

1950  feet. 

Montia  fontana  (Linn.) — Again  at  1780  feet  byLongh  Cummeenmore ; 
and  1650,  Cumloughra. 

Above  Lake  Cueeaghmobe  (to  the  Noeth-East.) 
1800  feet. 

Lysimachia  nemorum  (Linn.) — Again  at  1780  feet  by  Lough  Cum- 
meenmore. 

Caeean  Ttjohill  (above  Cumlotjghka). 

1800  feet. 

Aira prmcox  (Linn.) 

Lake  Cxjmmeenmoee. 

1780  feet. 

Veronica  serpyllifolia  (Linn.) — At  1650  feet  in  Cumloughra. 
Myriophyllum  aUerniflorum  (D.  C.) — At  1250  feet  in  Lough  Callee, 

Mount  Brassel ;  1000  feet,  Lake  Curraghmore. 

Above  Lake  Cueeaghmoee  (to  the  Noeth-East). 
1700  feet. 

Pteris  aquilina  (Linn.) — At  1650  feet,  Cumloughra  ;  1550  feet,  Cum- 
meenapeasta  and  Skregmore. 

CUMLOUGHEA  (aT  S.-"W.  End). 
1650  feet. 

Saxifraga  Geum  (Linn.) — At  1150  feet  on  the  Bull's  Mountain,  Gap  of 
Dunloe  ;  at  1090  feet,  Breenbane.  S.  hirsuta  occuis  also  near 
the  lakes  in  Cumloughra,  and  in  Glencaragh  at  about  700  feet. 
See  introductory  remarks. 

Foa  trivialis  (Linn.) 

Ayrostis  alba  (Linn.) 

Hag's  Tooth. 

1650  feet. 

Lake  Googh, 

1600  feet. 

Potamogeton  pusillus  (Linn.) 
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CuMLouaHKA  Lake  Level. 

1550  feet. 

Ranunculus  Flammula  (Linn.) 
Sagina procumhens  (Linn.) 
Scahiosa  succisa  (Linn.) 

These,  with  most  of  the  other 
lowland  plants  already  mentioned, 

GaUum  paliistre  (Linn.)  )- occur  more  freely  now.    The  alpine 
Narthecium  ossifragiim  (Huds.) 
Juncus  acutiflorus  (Ehrb.) 
Glyceria fluitam  (Brown.)  J 

flora   has    almost   entirely   disap- 

peared. 

Hag's  Gien  (on  CtrMMEENAPEAsiA). 
1550  feet. 

Prunella  vulgaris  (Linn.) — And  at  1200  feet,  head  of  Glencaragh. 

Btjil's  MoTmTAiN  (above  THE  Gap  op  Dunloe). 
1500  feet. 

Aspknium  Adiantum-nigrum  (Linn.) 

Finglas  ErvEE  Valley. 

1470  feet. 

Ulex  europcBUS  (Linn.) 
Lonicera  Periolymenum  (Linn.) 

B  EENBANE. 

1450  feet. 

Menyanthes  trifoliata  (Linn.) 

Lake  Eightee  (at  Enieance  to  Cumioxighea.) 

1425  feet. 

Lychnis  Flos-cuculi  (Linn.) 
Epilobium palustre  (Linn.) 
Litorella  lacustris  (Linn.) — At  1000  feet.  Lake  Curraghmore. 
Sparganium  minimum  (Fries.) — And  at  1250  feet.  Lake  Callee,  Mount 

Brassel. 

Eriophorum  polystachyum  (Linn.) — Upper  limit  at   same  height  on 
Beenbane. 

Equisetmn  limosum  (Linn.) 

SXEEAM   OUT   OF   LaKE   EiGHTEE. 

1400  feet. 

Sedume  anglicum  (Linn.) 
R.  I.  a.  PROC,  SER.  II.,  VOL.  III. — SCIENCE.  3  E 
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Buil's  Motxiaxi^  abote  Laxe  Aij&ee  in  the  Gap  or  Dr^fxoE. 
1400  feet. 

Silene  mariUma  ("W^ith.) — Xot  met  ̂ ith  elsewhere  on  the  Eeeks. 

Above  Lake  CruiiEEXiiOBE. 

1380  feet. 

Seder  a  JSelix  (Liim.) 
ChcerojjJii/lliDfi  sihestre  (Linn.) 
Bellis  perejinis  (Linn.) 
JBetvM  alia  (Linn.) 
Salix  cajircea  (Linn.) 

AbOTE   LaJEE    CuPwEAOHMOKE, 

1350  feet. 

Trifolium  repens  (Linn.) 
Salix  aurita  (Linn.) 

MouA'T  Beassel  (Sottih  Side). 

1350  feet. 

Ajuga  reptaiis  (Linn.) — And  at  820  feet  in  Glencaragh. 

Hag's  G-leit. 

1350  feet.' 
Ilex  aquifolii'in  (Linn.) — The  finest  hollies  I  have  ever  seen  grow  in  a 

grove  farther  down  the  glen  hy  the  Gaddagh  River. 

CtrarMEEX  ACAPPin . 

1350  feet. 

Zafli'i/rus  maerorrhi%us  (Winn.) — Scarce  :     at   550   feet,  near   Lake 
Acoose. 

Bt  the  Rivee  Fen'&las. 
1340  feet. 

Eupkorlia  hylerna  (Linn.) — At  1200  and  950  feet  in  Cummeenacap- 
pul ;  common  lower  down. 

CUMMEEXACAPPTJL. 

1300  feet. 

Salix  cinerea  (Linn.) — Very  scarce  and  stunted. 

I 
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LoTJGH  Caiiee,  Motjutt  Beassel. 

1250  feet. 

Subularia  aquatica  (Linn.) — And  in  Lake  Acoose,   507  feet  at  the 
northern  side. 

Lobelia  Bortmanna  (Linn.)  —  And    in   most    lower   lakes,   Acoose, 
Googh,  &c. 

Potamogeton  7iatans  (Linn.) — And  at  1100  feet,  Lough Calle,  Hag's  Glen. 
Carex  paniculata  (Linn.) — At  975   feet,   Beenbane ;    and   740  feet, 

Lake  Curralee. 

"Watekshed,  between  RrvEES  Caragh  and  Cummeenduff. 
1200  feet. 

Centaurea  nigra  (Linn.) 
Teucrium  scorodonia  (Linn.) 

Scliosnus  nigricans  (Linn.) — At  1100  feet  on  Feabrahy. 
Triodia  decumhem  (Beauv.) — At  about  the  same  height  in  Cummeena- 

cappul. 
Bactylis  glomerata  (Linn.) 

Lough  Goiteagh,  Hag's  Glen. 
1126  feet. 

JElatine  hexandra  (D.C.) — On  the  northern  margin  of  the  lake. 
Callitriche  hamulata  (Kutz.) — C.  verna  at  1000  feet,  Lake  Curragh- 

more. 

Bull's  Mountain. 

1100  feet. 

Ruhus  carpinifoUus  ("W.  &  N.) 
Above  Lake  Cueeaghmoee. 

1100  feet. 

Vicia  sepium  (Linn. 

Myrica  gale  (Linn.) 

Skeegmoee. 

1100  feet. 

1050  feet. 

Lrosera  rotundifolia  (Linn.) — 1010  feet  on  Beenbane;  1000  feet,  east 
from  Lough  Acoose. 

Rhynchospora  alba  (Yahl.) 
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Lake  Cueeaghmore  Level. 

1000  to  1010  feet. 

Myosotis  repens  (Don.) 
Senecio  sylvaticus  (Linn.) 
Polygonum  Sydropiper  (Linn.) 
Juncus  supinus  (Mcench.) 
J.  lufonius  (Linn.) 
Holcus  lanatus  (Linn.) 
Air  a  caryophyllea  (Linn.) 
SymenopJiyllimi  tunhriclyense  (Sm.)  —  Forming   dense  and  beautiful 

carpets   amongst  large  boulders  by  the    north-eastern  margin 
of  the  lake ;    800   feet  in   Cummeenacappul. 

West  Side  oe  CuMMEENACAPPirL  to  Beenbane. 

975  feet. 

AnagalUs  tenella  (Linn.) 
Hypericum  elodes  (Linn.) 

By  Steeam  eeom  Lottgh  Googh. 

970  feet. 

Pinguicula  lusitanica  (Linn.) — At  950  feet,  east  of  Lake  Acoose.  Very 
scarce  on  the  Eeeks. 

Abote  Lake  Acoose. 

950  feet. 

Carex  precox  (Jacq.) 

Cummeenacappul  . 

950  feet. 

Sonchus  oleraceus  (Linn.) 

Bull's  Mountain, 

940  feet. 

Cotyledon  UmUlicus  (Linn.) 

Between  Lake  Acoose  anb  Cumloughea. 

850  feet. 

Prosera  anglica  (Huds.) 

Hag's  Glen. 

850  feet. 

Cratcegm   Oxymantha  (Linn.) — 50  feet  below  this,  cultivation  first 

appears. 
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Bt  the  Steeam  prom  Lott&h  Googh.  ''■ 

850  feet. 

Scirpus  Savii  (S.  &  M.) — Not  seen  elsewhere. 

Br  Source  of  Kiyee  Caeagh,  East  of  Ma©hanlavaun  (Beida.) 

850  feet. 

Corylus  Avellana  (Linn.) 
Brachypodium  sylvaticum  (E.  &  S.) 

820  feet. 

Osmunda  regalis  (Linn.) 

CUMMEENACAPPUL  ("WeST  SiDe). 
800  feet. 

Lotus  cormeuhfus  (Linn.) 
Sanicula  europcea  (Linn.) 

Lake  CtjeeealeEj  on  Benbane. 

Nymphoea  alia  (Linn.) 
Nuphar  lutea  (Linn.) 
Comarum palustre  (Linn.) 
Hydrocotyle  vulgaris  (Linn.) 
Scutellaria  minor  (Linn.) 
JJtricularia  vulgaris  (Linn.) 

Malaxis  paludosa  (Sw.) — By  the  spongy  margin  of  the  lake  in  small 
quantity.     This  rare  little  orchid  has  been  gathered  in  Kerry 
before. 

Sparganium  natans  (Linn.) 
Scirptts  Jluitans  (Linn.) 
Ca/rex  vulgaris  (Fries.) 
C.  limosa  (Linn.) — Forming  a  fringe  around  the  edge   of  the  lake. 

This  rare  and  graceful  sedge  has  been  gathered  in  one  place  in 
Kerry  previously. 

G.  ampullacea  (Good.) 

Cummeenacapphl. 

720  feet  (cultivation  appears  in  patches.) 
« 

Ranunculus  hederaceus  (Linn.) 
Carduus  lanceolatus  (Linn.) 
Gallopsis  Tetrahit  (Linn.) 
Rumex  oltusifolius  (Linn.) 
Atriplex  patula  (Linn.) 
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NoETHEKN  Base  op  SEEEGiroEE  A]!^D  Seeegbeg. 

700  feet. 

These  two  characteristic  Kerry  plants 

occur  frequently  from  about  the  pre- 
sent height  downwards  all  round  the 

northern  slope  of  the  Keeks,  by  the 
western  extremity,  and  into  the  valley 
of  the  river  Caxagh  on  their  south. 
Their  range  is  very  similar  and  de- 

i^     cided. 

Canim  verticiUatum  (Koch.) 
Bwrtsia  viscosa  (Linn.) 

CinmiEENACAPPiJL  ("West  Side). 
650  feet. 

Hieracium  Pilosella  (Linn. 
Car  ex  ovalis  (Good.) 

Viola  tricolor  (Linn.) 
Pedicula/ris  2^almtris  (Linn.) 
Veronica  scutellata  (Linn.) 
Mentha  aquatica  (Linn.) 
Sparganiimi  ramosum  (Huds.) 

550  feet. 

Above  Lake  Acoose. 

550  feet. 

Quercus  Rolur  (Linn.) 
Potamogeton  polygonifoUus  (Pourr.) 

By  the  Sieeam  fbom  Lofgh  Googh  into  Black  Valley. 

520  feet. 

Arlutus  Vhedo  (Linn.) — One  old  tree.     I  met  with  the  arbutus  no- 
where else  on  the  Reeks. 

Cttmmeenacappui,  "West  Side  ;  Beenbane. 
500-510  feet. 

Stellaria  graminea  (Linn.) 
Rosa  canina  (Linn.) 
Fraxinus  excelsior  (Linn.) 
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Lake  Acoose  Leyel. 

500-510  feet. 

Sypericum  humifusum  (Linn.) 
Geranmin  Rolertianum  (Linn.) 
Liuum  catharticum  (Linn.) 
Medicago  lupulma  (Linn.) 
Trifolium  pratense  (Linn.) 
T.  minus  (Sm.) 
Fragaria  vesca  (Linn.) 
Rubus  discolor  (W.  and  jST.) 
Ly thrum  Salicaria  (Linn.) 
Peplis  Portula  (Linn.) 
Daucus  Ca/rota  (Linn.) 
Sippuris  vxdgaris  (JArm.) 
BJypocJiceris  radicata  (Linn.) 
Crepis  virens  (Linn.) 

Sahenaria  hifolia  (E.  Br.) — jS'ear  Lough  Beg  in  swampy  meadows. 
S.  chlorantJia  (Bab.) — "With  the  last. Typlia  latifolia  (Linn.) 
EUocharis palustris  (E.  Br.) 
Arundo  Phragmites  (Linn.) 

South  Side  of  Moitnt  Beassel. 

500  feet. 

Trichomanes  radicans  (Sw.) — A  shepherd  lad  showed  me  where  he  had 
once  gathered,  and  exterminated,  the  Killamey  Fern  here.  I 
could  not  find  it  anywhere  on  the  Eeeks,  but  it  probably  still 
exists  at  their  base. 

Deishana,  West  of  Gaj  of  DrxLOE. 

(?)  400  feet. 

Filago  viinima  (Linn.) — On  stony  ground  near  the  base  of  the  moun- 
tain by  the  river.     This  has  not  been  recorded  from  Kerry  before. 
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LXXX. — OiN'iHi;  Equatiost  of  a  Takgenx  Coxe  to  a  Quabeic,  eekeeeid 
TO  THE  Axes.  Ey  Job:n-  C.  Malet,  Professor  of  Mathematics, 
Queen's  College,  Cork. 

[Eead,  Apidl  10,  1882.] 

The  following  purely  analytical  method  of  forming  this  equation  is  I 
believe  new : — 

If  the  quadiic 

ax^  +  5y^  +  c%^  +  2 hxy  +  2gxz  +  2/ys  -\-  2lx  ■{■  2my  +  2n%  +  d  =  0 

he  referred  to  its  axes,  the  equation  is 

where 

x^     y^      %-      A 
— V  —  -\   1-  —  -  0 

a  ̂  /3  ̂  y   '    S  ' 

a h 9 I 

h h f m 

9 f e n 

I m n d 

a h 9 

h h f 
9 f c s  = 

and  a,  y8,  y  are  the  roots  of  the  cubic  equation  in  A  formed  by  equat- 
ing to  0  the  discriminant  of 

ax^  +  hy'^  +  c%^  +  2hxy  +  2gxti  +  2fyz 

y^
 

X 

=  0. 

If  the  quadric  be  a  cone,  A  vanishes ;  and  in  this  case  being  only  con- 

cerned with  the  ratios  of  a,  (S,  y,  we  may  write  -  for  -,  where  ̂   is  a A  A 

constant  selected  at  will. 

Consider  now  the  equation  of  the  tangent  cone  to  the  quadiic 

VIZ. — 

where 

and X'
 

a' 

J_     _ 

1-0, 

SS'- 

-p^  = 

0, 

S'
 

_x'
^ 

~  a" 

^'2 

1, 

F 

xx' 
.,  yy' 

- 1 
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To  refer  this  cone  to  the  axes,  equate  to  0  the  discriminant  of 

A 

where  ij~  ̂ \  ̂'     ̂' 
a^      0^      c- 

„      xx'      yy'      %%' 
d^       V-        (? 

Differentiating  {A)  with  respect  to  x,  y,  and  %,  we  get  the  three  equa- 
tions 

^,    (  I       \\      x'  ^ >S'^  -----  n  -  0, 
\a-      A]      a- 

V  c      a)      c~ 
To  eliminate  x,  y,  %  from  these  equations,  multiply  respectively  by, 

■^         and 

a2_A'     ¥-X'  C--A' 

add  and  divide  by  11,  when  we  find 

V«-(rr  -  A)      b~{o- -  A)      c\r  -  A)  j 
or'"-  «'2  s'^ 

a^  -  A      o"  -  A      c"  -  A 

But  the  roots  of  this  equation  are  cC'  -  a{-,    cC"  -  ai,    cC-  -  a^,    where 
«i,  «2,  ̂ i^s  are  the  semiaxes  major  of  the  confocals  through  x' ,  y',  %' ; 
hence  the  equation  of  the  tangent  cone  through  this  point  is  referred 
to  the  axes, 

x"^  xP-  £" 
+  ~ — ^  +  -.   ^  =  0. 

a''  -  a-c      a~  —  a^       a-  -  a^ 

In  a  similar  manner  the  equation  of  the  tangent  cone  through  x' ,  y',  z' 
to  the  paraboloid 

z  +  jf    ̂ '-^
' when  referred  to  the  axes,  is 

X^  11-  %- 

+     T  -r     +   T   T  ==  0, 

where  Xj,  Z3,  Z3  are  the  values  of  L  for  the  confocal  paraboloids 

through  the  point  x',  y',  %'. 
R.  I.  A.  PROC,  SEE.  II,,  VOL.  III. — SCIENCE.  3  F 
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LXXXI. — Repoet  ojs"   the  Cieaeln'g  of  Peatt  "Watees.     Paet  II. 
By  Geeeaed  A.  Etxahan. 

[Eead,  April  24,  1882]. 

Introductory  Remarks. 

In  the  previous  Eeport^  laid  before  the  Academy  it  was  shown,  after  a 
coloronietric  examination  and  comparison  of  certain  streams,  "  that 
peaty  colouring  matter  does  not  seem  to  be  removed  by  direct  oxida- 

tion." Since  then  I  have  been  enabled,  through  the  courtesy  of  Pro- 
fessor Hartley,  P.P.S.E.,  &c.,  to  make  in  his  laboratory,  at  the  Royal 

College  of  Science,  analyses  of  samples  of  peaty  waters  in  which  there 
were  facilities  for  oxidation,  viz.,  aeration  when  falling  from  a  great 
height. 

In  this  Report  it  is  proposed  to  lay  before  the  Academy — First, 
the  results  of  these  analyses,  and,  in  continuation,  the  analyses  of  some 
waters  that  receive  a  large  amount  of  mineral  drainage,  with  a  short 

sketch  of  the  nature  of  this  di-ainage,  and  its  effect  on  the  peaty  waters. 
In  the  analyses  the  method  adopted  for  estimating  the  organic  car- 

bon and  nitrogen  was  a  modification  of  Dittmar  and  Robinson's  process. 
The  nitrogen,  as  nitrates  and  nitrites,  was  estimated  in  the  follow- 
ing manner  : — 
100  cc.  of  the  water  was  boiled  for  a  short  time ;  then,  when  cold, 

a  small  piece  of  clean  platinum  foil  and  some  magnesium  ribbon  were 
put  in,  with  a  fragment  of  recently  fused  sodic  chloride  ;  after  stand- 

ing about  12  hours  the  ammonia  was  distilled  off,  and  estimated  by  the 

JN'essler  test,  and  from  this  the  nitrogen  calculated. This  process  is  especially  applicable  to  the  estimation  of  very  small 
quantities  of  nitrates  and  nitrites. 

Waters  hecoming  much  Aerated. 

The  first  waters  to  be  described  were  taken  from  the  Dargle  river, 
at  Powerscourt  waterfall,  in  the  autumn  of  last  year  (October,  1881). 
The  day  was  bright,  fine,  and  warm  ;  but  during  the  two  previous  days 
misty  rain  had  fallen  on  the  hills,  so  that  there  was  a  slight  flood  in 
the  river,  but  it  was  not  at  all  turbid,  although  it  was  stated  by  Lord 

Powerscourt's  game-keeper,  who  accompanied  me, to  be  unusually  peaty. 
The  first  sample  was  taken  a  short  distance  above  the  fall,  at  a 

point  where  the  river  flowed  rapidly  through  a  deep  channel,  four  feet 
wide,  in  the  solid  rock  (mica  schist).  Prom  this  to  the  foot  of  the 
fall,  where  the  second  sample  was  taken,  the  river  flowed  altogether 
over  solid  rock,  excepting  a  few  loose  boulders  and  some  coarse  gravel 
lying  in  the  channel  above  the  top  of  the  fall.  ISo  visible  drainage  of 
any  kind  enters  the  river  between  these  two  points,  which  are  sepa- 

rated, horizontally  800  feet,  and  vertically  360  feet. 

^  Vide  ante,  p.  447. 
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The  Dargle  river,  above  the  Waterfall,  drains  a  long  mountainous 
glen,  with  to  the  south  a  couple  of  small  branches  or  cooms.  The 
mountains  of  the  drainage  area  are  principally  composed  of  granite, 
the  mica  schist  only  coming  in  a  short  distance  above  the  fall.  In  a 
few  places  in  the  glen  there  are  accumulations  of  moraine  matter,  while 
there  is  a  covering  of  peat  over  nearly  the  whole  area. 

There  was  no  visible  difference  between  the  waters  taken  above 
and  below  the  fall,  either  in  the  field  or  when  examined  and  compared 

in  the  laboratory  in  a  tube  1 8"  long  ;  both  showed  a  clear,  dark -brown 
tint,  with  little  suspended  matter,  while  only  a  very  slight  brown 
sediment  collected  at  the  bottom  when  allowed  to  stand.^ 

The  analyses  of  these  waters  (Nos.  I.,  II.  Table  A,  p.  603),  show  that 
the  samples  are  practically  identical.  The  two  important  constituents — 
organic  carbon  and  nitrogen — being  almost  the  same  in  each,  the 
slight  difference  (probably  due  to  experimental  errors),  being  only  two 
parts  in  the  carbon  and  five  in  the  nitrogen  per  100,000,000  of  the  water. 
Mtrogen,  as  nitrates  or  nitrites,  was  not  detected  in  either  sample, 
although  if  any  oxidation  of  the  organic  nitrogen  took  place  during 
the  fall,  some  should  occur  in  the  lower  sample. 

The  waters  next  to  be  considered  are  from  the  Carawaystick  brook, 
which  drains  the  eastern  peaty  slopes  of  Lugnaquilla.  Here  duplicate 
specimens  were  collected  in  summer  and  winter.  Although  the  gene- 

ral features  of  this  stream  have  already  been  described  in  the  previous 

Report,  we  may  mention  that,  after  it  leaves  Kelly's  Lough,  and  has 
flowed  for  about  one  and  a-half  miles,  it  falls  precipitately  down  the 
western  side  of  Grlenmalure  into  the  Avonbeg,  by  a  succession  of  small, 
often  nearly  perpendicular,  falls,  the  aggregate  vertical  height  of 
which,  between  the  points,  being  over  700  feet  (as  calculated  by  ane- 

roid), while  horizontally  they  are  1600  feet  apart.  The  channel  of 
the  fall  is  solid  rock  (granite  and  mica  slate),  with,  in  the  clefts,  &c.,  a 
little  loose  gravel ;  no  side  drainage  appears  to  enter  along  the  fall. 

When  the  winter  samples  were  collected,  in  January,  1882,  there 
was  a  light  mist  on  the  hills,  otherwise  the  day  was  fine  and  dry,  but 
not  cold :  although  there  had  been  considerable  rain  some  days  pre- 

viously the  stream  was  not  flooded,  but  rather  below  its  average ;  the 
waters  were  very  clear  and  only  slightly  coloured  with  peat,  and  in 

the  18"  tube  they  showed  a  light  olive  brown  tint. 
Trom  the  analyses  as  given  in  the  Table  (Nos.  III.  &  IV.),  we  find 

that  the  organic  carbon  and  nitrogen  are  practically  the  same  in  both 
samples. 

In  the  same  Table,  ISTos.  V.  and  VI.  give  the  analyses  of  the  sum- 
mer samples  taken  from  the  same  points ;  they  show  the  differences  in 

the  waters  at  these  two  seasons  of  the  year ;  and  it  will  be  remarked 
that  the  main  differences  are  in  the  organic  constituents,  especially  the 

organic  carbon.^ 

-  In  peaty  waters  usually,  on  standing,  a  brown  sediment  collects  at  the  bottom. 
^  These  examples  are  average  samples  of  peaty  -water  in  summer  and  winter. 
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In  tlie  next  two  analyses  on  the  Table  (JS'os.  YIII.  &  IX.)  there  is  a very  marked  difference  in  the  organic  constituents.  The  waters  were 

taken  from  the  Ovoca  riyer  at  two  points — Tigroney  weir  and  "The 
Black  Dog" — aboutthree  miles  apart,  and  with  a  fall  of  only  50  feet.  On 
comparing  the  two,  it  is  evident  that  the  conditions  in  the  intervening 
portion  of  the  river  are  favourable  for  the  removal  of  the  peaty  im- 

purities. The  most  marked  peculiarity  in  this  part  of  the  river  is  the 
mineral  drainage  (largely  impregnated  with  sulphates  of  iron  and  alu- 

mina) that  enters  it,  consisting  of  a  number  of  small  streams,  which, 
taken  together,  form  only  a  small  fraction  of  the  total  volume  of  the 

main  river;  nevertheless,  the  organic  carbon  is  reduced  from  0"230  at 
Tigroney  to  0-095  at  "The  Black  Dog,"  or  to  less  than  half  that  pre- 

viously present.  The  organic  nitrogen  suffers  a  reduction  also,  but  not 
to  the  same  extent :  while,  on  the  other  hand,  the  total  solids  have 

largely  increased;  viz.,  from  4"88  at  Tigroney  to  9'26  at  the  "Black 
Dog,"  or  nearly  double. 

In  selecting  streams  from  which  to  obtain  aerated  samples  it  was 
necessary  that,  between  the  points  at  which  the  samples  were  taken, 
there  should  be  no  alteration  of  circumstances  likely  to  affect  the 
waters,  except  simple  unaided  aeration :  both  the  rivers  from  which 
samples  were  obtained  (Dargle  river  and  Carawaystiek  brook)  are  of 
very  soft  water,  and,  unfortunately,  samples  of  hard  water,  affected  only 
by  aeration  over  a  steep  fall  could  not  be  secured  ;  the  Doonass  fall,  on 

the  Shannon,*  was  visited  and  samples  collected  on  both  sides  of  the 
river,  above  and  below  the  falls,  but  the  results  were  most  unsatis- 

factory, as  there  was  a  greater  difference  between  the  two  samples  fi'om 
opposite  banks,  above  the  falls,  than  between  either  of  these  samples 
and  those  taken  from  below  the  falls.  The  analyses  are  given  at  the 

end  of  the  Table  (^os.  X.-XIII.) 
In  collecting  the  samples  and  in  making  the  analyses,  exceptional 

It  is  remarkable  that  in  winter  tlie  rivers  shovv  very  little  peaty  colouring.  All 
through  last  winter  this  was  the  case  (although  there  was  an  absence  of  frost 
and  snow)  ;  but  the  rains  towards  the  end  of  March  brought  down  much  peaty 
colouring  :  this  probably  may  be  due  to  the  retui-n  of  vegetation,  which  is  early  this 
spring  (18S2). 

*  On  writing  about  the  floods  in  this  river  to  my  father,  who  lived  for  some 
years  in  this  neighboui'hood,  part  of  the  time  at  Castleconnell,  I  received  the  follow- 

ing note : — 
' '  In  the  Shannon,  between  Eillaloe  and  Castleconnell,  the  flood  waters  fi-om 

the  counties  of  Tipperary  and  Limerick,  on  the  S.E.  and  S.,  are  'black  floods' 
(peaty  water),  especially  those  that  flow  into  it  between  O'Brien' s-bridge  and 
Castleconnell;  whale  the  flood  Avaters  from  the  Clare  side,  to  the  N.  and  N."W., 
except  the  stream  from  O'Brien's-bridge  bog,  are  '  red  flood,  highly  charged  with the  red  muds  from  the  debris  of  the  red  basal  Carboniferous  shales.  These  different 
classes  of  flood  may  differently  affect  the  water  at  the  Falls  of  Doonass.  If  rain 

falls  only  in  the  counties  of  Tipperary  and  Limerick,  there  will  be  a  '  black  flood  ' 
over  the  falls ;  while,  if  the  rain  falls  only  in  the  county  Clare  it  will  be  a  '  red 
flood ' ;  but  if  the  rain  is  falling  at  both  sides  of  the  Shannon,  the  results  wiQ  be 
very  different.  If,  during  such  a  rain-fall,  you  stand  at  the  World's  End  weir, 
CastleconneU,  the  flood  on  the  Limerick  side  wUl  be  black,  and  that  on  the  Clare 
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precautions  were  taken  that  nothing  likely  to  mar  the  results  should 
occur.  In  estimating  the  organic  constituents  duplicate  analyses  were 
made  in  most  cases,  and  in  the  weighings  for  the  organic  carbon  the 

allowable  error  was  taken  as  under  three-tenths  of  a  milligram.^ 
These  results  seem  clearly  to  show  that  simple  aeration  is  inca- 

pable of  eflfecting  the  removal  of  the  peaty  matter.  The  Powerscourt 
samples  were  taken  in  summer,  on  a  warm  sunny  day,  when  the 
waters  were  deeply  tinted  with  peaty  colouring  matter,  yet  the  diffe- 

rence between  the  two  samples  is  practically  nothing,  although  the 
fall  is  360  feet,  and  the  aeration  exceptional.  In  the  Glenmalure 
water  we  have  samples  taken  on  a  fine  day  in  winter,  when  the  quan- 

tity of  peaty  matter  was  not  excessive  ;  and  although  in  this  case  the 
fall  is  over  700  feet,  the  two  samples  are  practically  identical. 

In  the  samples  taken  from  the  Ovoca  river  the  results  obtained  are 
of  quite  an  opposite  character  to  those  of  the  two  preceding  samples  : 
here  there  is  but  a  fall  of  50  feet  in  a  flow  of  three  miles,  and  aeration 
can  have  but  a  slight  effect.  That  the  active  agent  is  the  mineral 
drainage,  which  enters  the  river  in  the  intermediate  portions,  seems  evi- 

dent from  the  results  of  the  experiments  given  in  the  previous  Eeport. 
The  nature  of  these  mineral  waters  we  now  propose  giving  a  brief 

sketch  of ;  but  before  doing  so  it  seems  desirable  to  give  some  account 
of  the  head  waters  of  the  river,  more  especially  as  all  at  some  time 
have  received  more  or  less  mine  drainage. 

The  Principal  Mineral  Impurities  of  the  Ovoca. 

The  present  Ovoca  river*'  is  formed  by  the  junction  of  the  Avon- 

more  and  Avonbeg,  at  the  Upper  ''Meeting  of  the  "Waters,"  and  flows into  the  sea  at  Arklow,  having  been  joined  by  the  Daragh  water,  or 

Aughrim  river,  at  Woodenbridge,  or  Lower  "Meeting  of  the  Waters." 

side  red ;  the  two  differently-coloured  waters  going  separately  over  the  weir  to  be 
sKghtly  mixed  below,  but  tbe  great  mixing  does  not  take  place  until  tbey  reach  the 
Falls  of  Doonass,  below  whichthe  red  ferriferous  waters  are  found  to  have  cleared 
out  the  peaty  colouring  matter.  The  waters  flowing  over  the  falls  are  more  often 
coloured  with  peat  than  otherwise.  While  living  at  Castleconnell  some  of  the 
largest  floods  I  saw  on  the  falls  were  black  ones.  When  the  rain  falls  only  to  the 

southward  of  the  Shannon,  the  '  black  flood,'  going  over  the  fall,  is  met  by  a  '  red 
flood,'  coming  out  of  the  Annacotty,  or  Mulkear  river,  which  neutralises  and 
destroys  the  peaty  colour  in  the  water  before  it  reaches  Limerick.  On  account  of 
the  difference  in  the  land  on  each  side  of  the  Shannon  above  Castleconnell  the 

waters  on  each  side  of  the  river  above  the  falls  must  give  very  different  analyses." 
5  This  would  be  as  carbonic  acid,  so  that  the  carbon  would  be  -^  of  this,  or 

about  one-tenth  of  a  milligram,  which  was  usually  on  a  litre  of  water ;  but  in  the  ana- 
lyses of  Nos.  v.,  VI.,  VII.,  and X.— XIII.  where  only  500  cc.  water  was  used,  the 

error  was  larger  than  this.  The  figures  given  in  the  Table  are  the  means  ;  except 
in  those  cases  on  which  inferences  are  based,  when  the  two  results  are  stated,  viz.  : 
Nos.  III.  and  IV.,  VIII.  and  IX. 

6  Formerly  the  river,  as  far  down  as  Woodenbridge,  was  included  in  the  Avon- 
more,  whUe  the  river  beloAV  this,  in  some  accounts  of  the  district  written  in  the  last 

century,  is  called  the  "  Ovo." 
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The  head  waters  of  the  Avonmore  rise  in  the  raountains  about 

Glendalough  (of  St.  Kevin)  and  Lnggala.  The  Annamoe  flows  from 
Luggala ;  it  seems  to  be  quite  free  from  mineral  poisoning,  although 
mining  trials  have  been  made  at  Lough  Dan.  The  tributary  streams 
which  contain  most  mineral  drainage  are  those  from  Glendalough  lakes 
and  from  the  vale  of  Glendassan,  into  both  of  which  the  drainage  from 
the  Luganure  and  Camaderry  mines  flow.  How  long  these  rivers 
have  been  poisoned  it  is  hard  to  say ;  mining  operations  were  carried  on 
here  during  the  last  century,  yet  in  1832  Glendalough  and  Lough 

Dan  were  noted  for  containing  the  char'^  {Sahno  alpimi,s),  which  is now  confined  to  Lough  Dan. 
A  sample  of  water  taken  in  Glendassan,  a  little  below  where  the 

mine  drainage  enters,  contained  in  parts  per  100,000,  solids  7*5;  of 
which  0'08  were  lead,  with  a  little  iron,  and  a  trace  of  sulphuric  acid. 

A  sample  taken  at  Clara  bridge,  after  a  flow  of  about  six  miles  from 
where  the  last  sample  was  taken,  with  a  fall  of  about  600  feet,  con- 

tained 0'04  parts  lead  ;  and  one  taken  three  miles  lower  down  at  Rath- 
drum  mill  contained  0"035  parts  lead:  while  a  fourth,  taken  at  the 
Meeting  of  the  Waters,  about  13  miles  from  the  mines,  with  a  fall  of 

about  900  feet,  contained  0*02  parts  lead.  These  four  samples  were 
taken  on  the  same  day,  after  there  had  been  dry  weather  for  about  six 
weeks.     The  waters  were  very  clear,  with  only  a  faint  peaty  tinge. 

On  another  occasion,  when  the  river  was  in  slight  flood,  samples 
were  taken  at  Clara  bridge,  and  at  the  Meetings,  which  gave,  respec- 

tively, 0-02  parts  lead,  and  only  a  faint  trace. 
Besides  this  mineral  drainage  from  Glendalough,  a  small  quantity 

of  mine  waters  enters  the  river  between  Rathdi'um  and  the  Meetings; 
it  is,  however,  very  insigniflcant,  the  largest  stream  being  that  at 
Shroughmore,  flowing  from  Connary.  The  Avonbeg,  which  joins  the 
Avonmore  at  the  Meetings,  has  its  head  waters  in  the  hills  about 
Glenmalure,  one  of  its  principal  tributaries  being  the  already-men- 

tioned Carawaystick  brook.  Some  years  ago  lead  mines  were  worked 
in  Glenmalure,  and  the  drainage  from  them  poisoned  the  river  so  that 
no  fish  could  live  in  it ;  but  now,  as  the  deleterious  mineral  matter 
has  disappeared,  it  has  become  stocked  with  trout  from  the  mountain 
streams.  This  river,  flowing  into  the  Ovoca  river  at  the  Meetings, 
supplies  large  quantities  of  peaty  water. 

After  the  junction  of  the  two  rivers,  Avonmore  and  Avonbeg,  at 
the  Meetings,  the  waters  flow  for  about  a  quarter  of  a  mile  to  Tigroney 
weir,  where  they  become  thoroughly  mingled.  A  little  above  this 
some  mineral  drainage  enters  on  the  left  bank ;  but  it  is  about  a  quar- 

ter of  a  mile  lower  down,  in  the  vicinity  of  the  Bell  rock,  that  the 
principal  mine  waters  enter,  after  having  passed  through  the  copper 
launders.  On  the  left,  or  east  bank,  the  river  receives  the  main  drain- 

■^  Char  are  said  to  have  again  appeared  in  Glendalough  since  the  mines  at  the 
west  end  ceased  working.  A  salmon  is  said  to  have  been  seen  in  the  Daragh  %vater, 
on  June  3,  1882. 
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age  from  Tigroney  and  Cronebane  mines ;  and  on  the  right  bank  that 
of  Ballygahan  and  Ballymurtagh.  Both  these  waters  are  very  similar, 
and  are  treated  very  similarly  for  the  extraction  of  the  copper  before 

entering  the  river.®  They  are  the  underground  drainage  of  the  mines, 
rich  in  sulphates  of  copper,  iron,  and  alumina,  with  smaller  quantities 
of  other  substances.  The  copper  is  extracted  by  running  the  water 
over  metallic  iron,  the  copper  being  deposited  in  the  metallic  state, 
and  an  equivalent  amount  of  iron  passes  into  solution,  while,  at  the 
same  time,  a  quantity  of  gas  is  evolved,  which  where  the  launders  are 
underground  is  found  to  be  highly  inflammable ;  it  seems  to  be  hydro- 

gen, due  to  the  decomposition  of  the  water,  and  is  probably  mixed  with 
hydro-carbons ;  the  iron  exists  mostly  in  the  ferrous  state,  and  it  is 
not  till  the  greater  part  of  the  copper  has  been  deposited  that  it  becomes 

deposited  as  ochre." 
A  sample  of  the  Ballygahan  water,  taken  from  the  launders,  was 

coloured  a  deep  brown,  and  contained  some  ochre  in  suspension ;  it 
was  strongly  acid,  with  a  metallic  taste.  Its  constituents  are  given 

in  Table  B,  'No.  YI.  (p.  604).  These  probably  all  occur  as  sulphates ;  and, 
calculating  them  as  such,  we  find  as  follows  in  grains  per  gallon  : — 

Sulphate  of  copper,     .     . 

29-5 
Sulphate  of  iron, 

.       710-7 Sulphate  of  alumina,  . 

.       712-8 Sulphate  of  manganese,  . 

10-7 
Sulphate  of  zinc,    .     .     . 6-0 

The  most  interesting  constituent  of  this  water  is  a  small  trace  of 
cobalt.     Mckel,  however,  was  not  detected. 

On  the  opposite  bank,  the  drainage  from  the  Tigroney  and  Crone- 
bane mines,  as  it  enters  the  river,  is  almost  identical,  in  general  com- 

position, with  that  of  Ballygahan ;  it,  however,  contains  each  consti- 
tuent in  less  quantity. 

The  river,  below  where  this  drainage  enters,  has  in  general,  but 

more  markedly  during  warm  dry  weather,  a  somewhat  turbid  appear- 
ance :  this  is  probably  due  to  the  separation  and  deposition  of  the  salts 

of  iron  and  alumina. 

Some  distance  below  the  Ballygahan  waters  another  mineral  stream 
enters,  on  the  same  side,  which  comes  down  from  the  mines  of  Bally- 
murtagh,  along  the  Red  road.  This  water  contains  very  little  mineral 
salts,  as  compared  with  those  just  mentioned. 

8  These  waters  appear  to  have  attracted  some  attention  during  the  last  century, 
and  are  described  in  Eutty's  Ilineral  Waters  of  Ireland  (1757),  pp.  241—245  ; 
Fhilosopliical  Transactions,  for  1751  to  1753,  by  Kenroy,  Henry  and  Bond. 

9  This  ochre  consists  of  hydrated  ferric  oxide  and  a  basic  sulphate  (FezSOe), 
which  separates,  in  the  presence  of  cast  iron,  thus : 

Fe203  (S03)3  +  Fe2  +  2H2O  =  FeoOsSOs  +  2FeS04  +  2H2. 

This  reaction  also  accounts  for  the  hydrogen  ;  but  some  of  this  is  also  produced  by 
the  couple  formed  by  the  iron  and  copper. 
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A  short  distance  lower  down,  on  the  same  bank,  a  small  stream 
enters  at  Tinnahinch,  coming  from  a  spa,  and  also  receiving  the 
drainage  from  the  waste  heaps  along  the  mine  tramway.  The  waters 
were  clear,  but  an  ochreons  precipitate  settled  out  on  exposure  to  the 
air ;  they  are  acid,  but  rather  weak  mineral  waters. 

On  the  opposite  or  left  bank,  some  distance  lower  down,  above  or 
north  of  the  village  of  Newbridge,  a  small  stream — the  Sulphur 
brook — enters  :  formerly  this  was  the  principal  source  of  mineral  im- 

purity to  the  Ovoca  river,  as  it  received  all  the  drainage  from  Upper 
Cronebane  and  most  of  that  of  Connary;  but  this  now  flows  out  at 
Tigroney,  and  the  mineral  matter  in  the  stream  is  derived  from  the 
waste  heaps,  or  attals,  on  the  surface :  considerable  quantities  of  ochre 
have  been  deposited  along  its  course. 

Below  this  a  small  stream  enters,  on  the  right  bank,  at  Castle- 
macadam  ;  it  drains  the  lands  about  the  Ballymoneen  mines,  which 
some  time  ago  were  worked  for  sulphur  and  iron  ores ;  it  is  now,  how- 

ever, free  from  injurious  mineral  impurities,  and  is  inhabited  by  small 
fish. 

This  short  sketch  of  the  mineral  drainage  from  the  Ovoca  mines 
shows  that  by  it  a  large  amount  of  salts  in  solution  pass  into  the 
Ovoca  river :  this  is  evident  both  from  the  quantities  of  solids  in  each 
of  the  samples,  and  from  the  fact  that  the  total  solids  in  average  sam- 

ples of  the  river  water  increased  from  4"  8 8  parts,  at  Tigroney  weir,  to 
9-26  parts  per  100,000,  or  very  nearly  double,  at  the  Black  Dog.  No 
true  estimate,  however,  of  the  total  quantity  entering  can  be  made,  as 
such  would  require  a  series  of  careful  measurements  and  analyses  of 
each  stream,  at  different  seasons  of  the  year.  Though  these  mineral 
waters  have  the  general  effect  of  freeing  the  Ovoca  river  from  organic 
impurities,  the  river,  on  the  other  hand,  is  literally  poisoned  by  them  ; 
and  no  fish  are  to  be  found  in  it  from  Tigroney  weir  to  the  sea  at 
Arklow. 

Conclusions. 

In  this  Eeport  I  hope  it  has  been  clearly  shown  : — 
That  the  colorometric  method  of  examination  of  peaty  waters, 

adopted  in  the  first  part,  is  a  fair  relative,  although  not  an  absolute, 
method  of  analysis. 

That  the  action  of  the  air  which  the  water  of  a  river  is  subjected  to 
is  incapable  of  oxidizing  the  peaty  matter,  either  in  winter  or  summer, 
even  when  the  natural  conditions  are  most  favourable,  as  when  the 
waters  are  dashed  into  foam  down  a  steep  and  great  height ;  and  that, 
therefore,  the  same  will  be  true,  a  fortiori,  in  a  slow  and  sluggish 
river,  where  only  the  surface  is  exposed  to  the  action  of  the  air. 

That  the  results  of  the  laboratory  experiments  given  in  the  first 
part  are  supported  by  what  takes  place  in  some  rivers,  and  that  the 
soluble  salts  of  alumina,  iron,  and  manganese  are  capable  of  removing, 
and  do  actually  in  nature  remove,  the  peaty  colouring  efficiently  and 
rapidly. 
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Table  E. — Analyses  showing  chief  Inorganic  Impurities  of  the  Ovoca 

River  Basin.     Eesults  stated  in  parts  per  100,000. 

Atokmore. 

No. 

"UTiere 

obtained. 

!             1 1  Present,  but 

Chief  impurities        j    not  quan-    .      Traces 
determined.           !     titatively     ■     detected. 

1    estimated. '                         1 

Remarks. 

I. 

II. 

III. 

IT. 

Glendassan, 

Clara  Eridge, 

Eatbdrum Mill, 

Meeting     of 
tbe  Waters, 

Lead,      .     .     0-08 
Total  solids, .       7-5 

Lead,       .     .     0-04 
Total  solids,.       4-1 
Inorganic  solids,  3-1 
Cblorine, .     .       1-4 

Lead,      .     .   0-035 
Solids,     .     .        3-9 
Cbloi-ine,      .       1-6 

Lead,       .     .     0-02 

Fe,  As H2SO4 

As 

H2S0i 

1'  Tmbid,  and  with 
s  mucb  suspended 
'  matter,  neutral. 

f  Clear,  but 
I  sligbtly  peaty. 

>  Sligbtly  peaty. 

Clear-,  and  sligbtly 

peaty. 

SjIALL  TEIBrTAEIES  OF  THE  OvOCA. 

! 

T. 

TI. 

VII. 

VIII. 

IX. 

Tigi'oney 
(launders), 

Eallygaban 
(Laimders), 

"EedEoad" 
Stream, 

Tinnabincb 
Sti-eam, 

Sulphur Erook, 

Iron,        .     .  163-0 
Alumina,      .    197-5 

Iron,  .     .     .    199-0 
Alumina,      .   214-0 

Copper,   .     .        7'5 
Manganese,         3-9 
Zinc, ...       2-4 
FeiTic  Oxide,  )    g.g Alumina,        j 

Co^jper,     .     .0-05 

Iron,  _.     .     .  )    ̂.g 
Alumina,       .  j 

Coppir,    .     .     0-02 
Solids,     .     .     22-5 

SoHds,     .     .     12-8 

Cu,  Mn 

MgjHoSOi 

Mg 

H2S0i 

Mg 

H2SO2 

Mg 

H2SO4 

Mg 

As,  Pb 
Zn 

Pb 
As 
Co 
Ca 

Zn Ca 

FeoOs,  Zn AI2O3 

H2SO4 

I  Brown,  vrith. 

1  ocbi-e  in  suspen- (  sion,  acid. 

I  Brown,  with 

>  ocbi-e  in  suspen- 
1  sion,  acid. 

/  Coloiuiess,  with 

1  ocbre  in  suspen- 

j  sion,  slightly 
\  acid. ("Colourless, 

•<  brown  sediment, 

(slightly  acid. 

(ColomlesSjwith 
-t  brown    precipi- 

(tate,  faintly  acid. 
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LXXXII. — On  the  Effects  of  the  Ltxae  a>^d  Solae,  Tides  rs" 

Lengthexln-g  the  Dtjeatiox  of  the  Sideeeal  Day.  By  the  Rev. 
SAiDjEL  HlnjGHTOx,  M.D.,  Pellow  of  Trinity  College,  Dublin. 

[Eead,  November  14,  1881.] 

The  idea  of  a  lengthening  of  the  sidereal  day,  by  means  of  the  tidal 
effects  of  the  moon  and  sun,  Tvas  started  by  the  late  astronomer 
Delaunay,  as  a  means  of  explaining  the  difference  of  the  coefficient 

determining  the  moon's  mean  motion, 10-2  w^ 

found  by  Halley  from  ancient  eclipses,  and  confirmed  by  Laplace  by 

calculation;  and  the  coefficient,  found  by  Adams's  correction  of  La- 
place's calculation, 6-11  >!-. 

Delaunay  found  that  a  lengthening  of  the  sidereal  day  by  one  second  in 

100,000  years,  would  reconcile  Halley's  coefficient  with  Adams's  cor- 
rection of  Laplace's  coefficient;  and  he  also  made  an  attempt  to  cal- 

culate the  lengthening  of  the  day  producible  by  the  tidal  influence  of 
the  moon  and  sun.  As,  however,  he  made  his  calculation  on  the 
equilibrium  theory  of  the  tides,  aad  also  assumed  an  inadmissible 
range  of  ocean  tide,  it  is  desirable  to  repeat  his  calculations  on  more 

correct  data,  which  I  have  attempted  to  do  in  the  following  Paper.*' I  shall  consider  two  effects  of  the  tidal  action  of  the  moon  and 

sun — 
1.  The  effect  of  the  Residual  Tidal  Current,  which  is  of  the  second 

order,  as  compared  to  the  second. 
2.  The  effect  of  the  Distortion  Couple,  caused  by  the  displacement 

of  the  tid.il  sphe  roid  by  friction,  and  accompanied  by  acceleration 
of  tidal  phase. 

PEOPOSITIOJf   I. 

It  is  required  to  find  the  rate  of  lengthening  of  the  sidereal  day ,  caused 
hy  the  residual  current  produced  ly  the  tidal  action  of  the  moon  (supposed 
to  he  always  in  the  equator)  iipon  the  ocean,  collected  into  an  equcdorial 
canal,  of  constant  width  and  depth. 

The  ocean  occupies  about  three-fourths  of  the  surface  of  the  earth, 
and  is  about  two  miles  deep,  on  the  average.     If  this  quantity  of  water 

*  I  believe  that  Mr.  "William  Ferrel,  of  the  U.  S.  A.  Coast  Survey,  has  made  an 
attempt  similar  to  my  own ;  but  as  I  have  not  seen  it,  I  can  only  acknowledge  here 
his  possible  priority. 
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be  placed  in  an  equatorial  canal,  extending  ten  degrees  on  each  side, 
north,  and  south  of  the  equator,  such  an  equatorial  canal  will  be 
about  ten  miles  in  depth. 

The  velocity  of  the  water  produced  in  such  a  canal,  by  the  earth's 
rotation  and  action  of  the  moon,  is 

M  =  Vo  +  z^  cos  2m,  (A) 
2(1) 

where  Vf,  =  equatorial  velocity  of  the  earth's  surface, 

3  M  r       3M  a  r  _         1       r 
^2^'E^2E^'Ba~  400,000  a ' 

277 

m  =  moon's  hour  angle  ; 

a  =  mean  value  of  r. 

If  the  alteration  in  the  shape  of  the  water  caused  by  the  moon's 
action  be  neglected,  and  r  considered  always  equal  to  a,  then  equa- 

tion (-4)  summed  all  round  the  equator  will  give 

for  the  periodic  term  will  disappear,  and  no  effect  will  be  produced  by 
the  moon  in  retarding  or  accelerating  the  rotation  of  the  earth.  If, 
however,  we  take  account  of  the  altered  shape  of  the  water,  we  have 

T 

-=  (1  -  e  cos^m),  (-5) (I 

where 
c  -  a 

e  = c  and  a  being  the  greater  and  lesser  semiaxes  of  the  tidal  spheroid. 
The  periodic  term  in  {A)  thus  becomes 

tidm  =  —  |f  1  -  -  I  cos  2mdm  -  -  (1  +  cos  im)  dm> , 

which,  when  summed  all  round  the  circumference,  leaves  a 

Residual  Current  =  -  —  x  — .  (6') 
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This  small  permanent  residual  tidal  current  acts  in  a  direction 

opposed  to  the  earth's  rotation,  and  lengthens  the  sidereal  day. 
Let  us  proceed  to  calculate  its  magnitude. 
"We  have 

~  40o;oob'     "^  ~  T' 

where  T=  89,280,  the  number  of  seconds  in  a  lunar  day. 
Hence 

h  89,280  ^^     „ 
=  0-01775  ft.  per  second. 

2co      477x400,000 

Residual  Current  =  -  0-01776-— . 

If  we  suppose  a  circle  described,  with  radius  «,  at  the  surface  of  this 
circle  e  =  0,  and  if  eo  be  the  ellipticity  of  the  tidal  ellipse  at  the  surface 
of  the  water,  all  the  layers  of  water  lying  between  the  ellipse  and 

cii'cle  will  leave  a  residual  tidal  current  depending  on  the  values  of  e, 
which  range  from  e  =  0  to  e  =  cq.  The  whole  water  between  the  circle 
and  ellipse  will  therefore  have  a  residual  tidal  current  corresponding 

to  e  =  77  •     The  whole  mass  of  water,  taken  for  both  sides  of  the  ellipse, 

will  be  represented  by 

where  tv  denotes  the  width  of  the  equatorial  canal,  and  <?  the  longer 

semiaxis  of  the  tidal  ellipse.     This  mass  may  be  written — 

m  =  TTwa^eo. 

The  retarding  couple  of  the  residual  tidal  current  will  therefore  be — 

SG  =  -  0"01776  X  —  X  TTWa^eo  x  a, 

where  G  represents  the  couple  animating  the  whole  earth ;  or. 
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jSTow, 

where  /  is  the  earth's  moment  of  inertia  with  respect  to  the  axis  of 
rotation,  and  Vq  is  the  earth's  velocity  at  the  equator. 

From  (-£'),  which  may  be  written 

GT=27rI, 

we  have 
GST+  TSG  =  0. 

Hence 

Substituting  the  values  of  8  G^  and  G,  we  find 

0-01776  X  3-06  X  TT-eri^a^w  x  T ST^  + 

but 

Hence 

and 

or 

4:  VoMa 

Fo^ 

27r 

(f; 

M= 

:  -Tra^  X  5-5. 3 

4  VoMa  = 32 X  5-5  X  TT^a^ 

3T          ' 
0-01776 

X  3 X  3-06  X  T^x 

^w 

32  X  5-0  or 

If  we  express  St  in  terms  of  the  number  of  years  requisite  to  produce 
any  given  diminution  8T,  in  the  length  of  the  day,  we  have 

St=  365-25  X  Tn, 

which  converts  {F)  into 
365-25 r^?^;    ̂   ,„  ,.  . 
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but  T=  86,400  seconds  =  sidereal  day ; 

w  =  20  X  60  X  6000  =  7,200,000  feet ; 

a  =  21,000,000. 

Substituting  these  values,  we  finally  obtain 

8T=  +  3,561,000  co'w.  {F  ter.) 

The  range  of  tide  for  an  equatorial  canal,  with  moon  in  equator,  is 

c-a  =  ̂ -, lira 

where  8  is  the  depth  of  the  canal. 
Hence,  we  have 

c-a       k^ 

Substituting  the  proper  values,  we  find  for  the  equatorial  canal,  10 
miles  in  depth, 

c  -  a  =  l'2lb  feet, 

1 

16,500,000 

Substituting  this  value  in  {F  ter.)  we  find 

76,130,000  •  ^     ̂ 

It  would  therefore  take  upwards  ofl&  million  years  for  the  residual 
tidal  current  produced  hy  the  moon,  in  the  ocean  collected  into  an  equatorial 
canal,  to  increase  the  length  of  the  day  ly  one  second. 

Corollary. — As  the  tidal  effect  of  the  sun  is  one-half  the  tidal  effect 
of  the  moon,  the  residual  current  produced  by  both  would  take  up- 

wards of  50  million  years  to  lengthen  the  day  by  one  second. 
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Peopositioi^  II. 

It  is  required  to  find  the  rate  oflengtheniny  of  the  sidereal  day,  caused 
hy  the  displacement  of  the  tidal  spheroid  hy  friction ;  under  the  same 
conditions  as  those  stated  in  the  last  Proposition. 

"When  there  is  no  friction,  the  minor  axis  of  the  tidal  spheroid 
points  to  the  moon,  and  the  major  axis  is  at  right  angles  to  the  moon's direction. 

In  the  case  of  an  equatorial  canal,  uith  the  moon  al"ways  in  the 
equator,  if /denote  the  coefficient  of  friction,  supposed  proportional  to 
the  relative  velocity  of  the  moving  water,  the  velocity  of  the  water  is 
represented  by 

]c  [  f     .         \ 
u  =  Vo  +  —    cos  2m   sin  2m  .  (/) 

2a)  Y  2oj  / 

The  periodic  term  vanishes,  not  when  m  =  45°,  but  when  m  =  45°  +  a;; 
where  x  is  found  from  the  equation 

/ 
tan  2a;  =  -  ̂ --. 

2o) 

The  tidal  spheroid  is.  therefore,  displaced  through  an  angle  x,  in  a 

direction  opposite  to  the  earth's  rotation,  and  the  phases  of  the  tide  at 
all  places  are  accelerated.  If  ̂   be  the  complement  of  x,  the  major  axis 
of  the  tidal  spheroid  will  form  an  angle  ̂   with  the  direction  of  the 
moon,  and  the  two  caps  of  water  lying  between  the  ellipse  and  circle 
already  described  will  give  rise,  by  the  action  of  the  moon  and  anti- 
moon,  to  a  retarding  couple,  which  tends  to  lengthen  the  day. 

The  magnitude  of  this  couple  is 

hn  X  sin  2<^  x  a, 

where  m  is  the  mass  of  water  lying  between  the  ellipse  and  circle  ;  or, 

Retarding  couple  -  8G  =  irwha^s.^  sin  2^. 

This  couple  is  of  the  first  order  with  regard  to  eo)  whereas  the  re- 
tarding couple  produced  by  the  residual  tidal  current  was  of  the  second 

order  only. 
Hence  we  have,  as  before, 

Sr  .  +  3  X  3-06  xyW. Co  sin  29^  ̂^^ 
Stt  X  5"5  a- 
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Substituting  k  -  ,  and  reducing,  we  find 

I'^co  sin  2^Sif 

or, 

8T=  + 

6,023,000  «2     ' 

Q65-25  T^w eon  sin.  2cli 

6,023,000  a"" or 

Sr=  +  638-57  eo?^  sin  2<^.  (Z) 

Comparing  this  with  the  rate  of  retardation  caused  by  the  residual 
tidal  current,  we  find  the  ratio  of  the  rates  of  retardation  to  be,  after 
the  same  number  of  years, 

638-57  sin2<^^ 

3,561,000  Co  ' 
or sin  2<;i 

5577  €o ' 
1 

or,  since 

16,500,000' 

ratio  of  rates  of  retardation  =  2959  sin  2<5f). 

"With  any  sensible  value  of  ̂ ,  this  retardation  will  greatly  exceed that  caused  by  the  residual  tidal  current. 
Substituting  for  cq  its  value,  equation  (Z)  becomes 

n  sin  2<^  rri-\ 

We  have  also,  if  x  be  the  acceleration  of  tidal  phase, 

/  =  2co  X  tan  2x ; 
or, 

/=^  tan 2a;; 
or 

tan  2x 
•'^  6875-5' 

R.  I.  A.  PEOC,  SER.  II.  VOL.  III. — SCIENCK.  3  H 
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From  this  we  calculate  the  friction  corresponding  to  any  value 
of  X : — 

Acceleration 
of  phase X. 2.x. 

I 

7 

Number  of  years 
required  to  lengthen  the 

day  by  one  second. 

n. 

5°
 

10° 

38,993 148,800 
10 20 18,890 

75,548 15 
30 

11,190 51,668 
20 

40 

8,194 
40,291 

25 50 

6,769 33,731 30 60 
3,970 29,836 35 

70 

2,502 
27,497 

40 
80 

1,212 
26,238 

441 

89 

120 

25,843 45 90 0 
25,839 

Corollary  (1). — If  we  take  account  of  the  sun,  as  well  as  of  the 
moon,  the  number  of  years  in  the  last  column  should  be  reduced  by  one- 

thii'd  ;  so  that  a  friction  whose  coefi&cient  is  ,  corresponding  to  a 
38,993 

tidal  acceleration  of  phase  of  5°  (or  20"),  would  increase  the  length  of 
the  day  by  one  second  in  100,000  years.  This  is  the  amount  of  retar- 

dation necessary  to  reconcile  Halley's  coefficient  of  the  moon's  secular 
increase  of  mean  motion,  derived  from  ancient  eclipses,  with  the  cor- 

rection in  Laplace's  coefficient  made  by  Professor  Adams. 
Corollary  (2). — With  an  amount  of  fiiction  corresponding  to  an 

acceleration  of  phase  of  5°  (or  20"),  the  water  at  the  equator  should rise  812  feet  above  the  level  before  a  surface  current  could  flow 

towards  the  poles. 
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LXXXIII.   0:^  THE  CoiEPAEATIVE  EFFECTS  OF  TWO  MeTAJEEEIC  BoDLES  ON" 

THE  Growth  of  ISTicoTiijs^A  loi^gifloea.     By  J.  E:m:eesox  Betnolds, 
M.D.,  P.E..S.,  Professor  of  Chemistry,  TlniTersity  of  Dublin. 

[Eead,  April  10,  1882.] 

The  study  of  the  comparative  action  of  metameric  compounds  on  the 
growth  of  plants  seems  to  deserve  more  attention  than  it  has  yet 
received  from  chemists  and  vegetable  physiologists,  and  the  aim  of 
the  communication  I  now  beg  to  lay  before  the  Academy  is  to  show 
that  well-marked  differences  in  physiological  activity  can  be  detected 
with  the  aid  of  plants,  even  in  cases  of  metameric  bodies  of  compara- 

tively simple  constitution. 
The  bodies  selected  for  experiment  were  ammonium  sulphoeyanate 

and  its  metamer  thiocarbamide,  or  sulphurea.  Both  compounds  are 
rich  in  nitrogen,  and  therefore  capable  of  supplying  a  highly  impor- 

tant element  of  plant  food ;  they  are  easily  soluble  in  water,  and, 

consequently,  admit  of  absorption  thi'ough  the  roots  of  plants ;  more- 
over, their  chemical  relations  have  been  carefully  studied,  and  their 

differences  of  structure  are  known,  hence  they  seemed  to  be  very 
suitable  for  the  class  of  work  in  which  I  proposed  to  employ  them. 

The  sulphoeyanate  is  a  true  ammonium  salt  of  sulphocyanic  acid, 
and  its  composition  is  represented  by  the  formula 

NH'4  CIS'S'. 
The  metamer  of  this  body,  or  thiocarbamide,  I  discovered  in  1869,  and 
obtained  in  the  following  way  : — 

The  salt  was  melted,  and  the  temperature  of  the  Kquid  raised  to 

170°  C,  when  rearrangement  of  the  components  of  the  molecule  took 
place ;  the  mass,  when  cooled,  extracted  by  water  and  crystallized, 
afforded  fine  crystals  of  thiocarbamide.  This  body  contains  the 
same  elements  as  the  sulphoeyanate,  and  in  the  same  proportions,  and 
its  molecular  weight  is  the  same  ;  but  its  relations  and  chemical  struc- 

ture are  very  different,  as  it  is  a  feeble  base,  and  destitute  of  saHne 

characters,  while  its  reactions  are  represented  by  the  structural  for- 
mula— 

During  the  summer  of  1881,  I  made  several  sets  of  experiments 
with  these  bodies  on  selected  groups  of  plants  which  are  known  to 
afford  special  nitrogenised  or  sulphuretted  products,  when  grown 
under  normal  conditions.  Some  of  the  results  obtained  are  suffi- 

ciently definite  to  justify  their  publication,  while  others  require  repe- 
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tition  under  new  conditions.  In  the  present  communication  I  shall 
confine  myself  to  the  statement  of  experiments  made  with  a  variety  of 
the  tobacco  plant  {Nicotiana  longiflora).  The  seeds  were  obtained 
from  Messrs.  Yeitch  &  Sons,  and  aiiorded  a  good  crop  of  young 
plants,  which  were  removed  from  the  seed-bed,  and  potted  singly  in 
very  sandy  mountain  loam,  of  rather  poor  quality,  the  aim  being  to 
give  the  plants  no  more  nourishment  than  was  absolutely  necessary  to 
ensure  moderate  development.  When  the  plants  were  shifted  into 
four-inch  pots,  they  were  allowed  to  become  thoroughly  established, 
and  the  experiments  commenced. 

Several  sets  of  three  healthy  plants  were  picked  out,  and  the 
members  of  each  set  were  as  nearly  as  possible  in  the  same  stage  of 
development,  i.  e.  they  were  of  the  same  height,  had  an  equal  num- 

ber of  leaves,  and  equally  strong  stems.  Each  set  was  subjected  to 
the  same  treatment ;  but  it  will  conduce  to  clearness  if  I  trace  that  of 
a  single  set. 

The  treatment  pursued  was  the  following  : — 

No,  1.  was  watered  with  Vartry  water  only,  when  necessary. 

Jfo.  2  was  watered  twice  each  week  with  a  solution  of  0'5  gram 
of  pure  thiocarbamide  in  250  c.c.  of  water  :  at  other  times 

it  was  treated  as  'Eo.  1. 
iNo.  3  was  watered  twice  each  week  (unless  otherwise  stated)  with 

a  solution  of  0"5  gram  of  pure  ammonium  sulphocyanate  in 250  c.c.  of  water. 

The  plants  were  under  glass,  but  so  placed  as  to  get  equal  light, 

and  to  prevent  any  undue  tendency  to  drawing  up  or  "  spindling." 

The  first  to  show  any  effects  was  !N"o.  3  {i.  e.  that  treated  with the  sulphocyanate) ;  at  the  third  treatment  with  the  solution  the 
growth  was  checked,  and  the  plant  seemed  not  only  to  stop  develop- 

ment, but  even  to  shrink  in  a  curious  way ;  the  leaves  began  to  droop, 
and  became  rather  sickly  in  colour.  The  fourth  application  only 
intensified  the  symptoms  of  plant-poisoning  by  the  sulphocyanate, 
hence  the  treatment  was  stopped,  and  the  soil  well  washed  out  by 
percolation  of  pure  water  :  after  this  the  plant  recovered  somewhat, 
and  recommenced  growth  ;  but  it  received  another  dose,  which  again 
checked  development.  Washing  the  soil  was  repeated,  and  another 
rest  allowed.  This  treatment  was  continued  for  nearly  three  months, 
up  to  the  1st  of  December,  when  it  presented  a  very  miserable 
appearance,  and  was  in  the  condition  stated  in  the  Table.  This  plant 
was  then  removed  from  the  soil,  and  dried. 

There  is  no  doubt  that  I  could  have  killed  this  plant  at  any  time 
by  continued  doses  of  the  sulphocyanate,  for  corresponding  plants  of 
other  sets  so  treated  with  the  salt  were  destroyed  in  a  few  weeks. 

K'o  2  plant  («'.  e.  that  treated  with  the  solution  of  thiocarbamide) soon  gave  evidence  that  it  felt  the  effect  of  its  dose,  but  the  result 
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■was  very  different  fj-om  that  observed,  in  jS'o.  3 ;  the  stem  did  not elongate  much,  but  the  leaves  rapidly  developed  in  length,  breadth, 
and  substance,  and  assumed  a  healthy  deep-green  hue.  It  was  no- 

ticed, however,  that  the  development  was  less  satisfactory  where  the 
solution  of  thiocarbamide  was  alone  used  for  watering,  than  where 
there  was  a  washing  of  the  soil  with  pure  water  between  two  doses ; 
in  the  former  case  the  edges  of  the  lower  leaves  becoming  discoloured 
and  thin.  The  reason  for  this  is  not  far  to  seek ;  for  the  thiocar- 

bamide is  known  to  undergo  partial  reconversion  into  sulphocyanate 
in  aqueous  solution,  and  more  especially  in  presence  of  such  decom- 

posable bodies  as  are  found  in  the  soil.  The  check  in  development  of 
the  plant  doubtless  followed  this  partial  reversion. 

With  the  slight  modification  in  the  treatment  just  referred  to,  the 
plant  developed  remarkably;  until,  on  the  1st  of  December,  it  was 
in  the  state  described  below. 

No.  1  Plant  {i.  e.  that  treated  with  plain  water)  grew  rapidly,  and 
soon  outstripped  the  others  in  height,  but  its  stem  and  leaves  were 
poor  and  thin  as   compared  with  I^o.  2. 

The  following  Table  contains  the  measurements,  &c.,  of  the  plants, 
on  the  1st  of  December  : — 

"      No.  1 

(Water). 
No.  2 

(THocarbamide) . 

No.  3 

(Sulphocyanate). 

Total  height  in  incliea   from 
surface  of  soil,      .... 

Number  of  leaves,    .... 

MairiTnum  length  of   leaf  in 
inches,   

Maximum  breadth  of  leaf  in 
inches,   

Number  of  seed  pods  in  diffe- 
rent stages  of  development, 

Nimiber  of  seed  pods  well  de- 
veloped,   

31                           23 

15                       U 

91        '             151 

41                       6 

9                       15 
1 

1                       11 

12 
13 

8 

2i 

None. 

None. 

Corresponding  results  were  obtained  with  the  other  sets  of  tobacco 

plants. 
The  next  step  would  obviously  be  the  determination  of  the  relative 

proportions  of  nicotine  derivable  from  the  plants  ;  but  the  amount  of 
material  at  my  disposal  proved  insufficient  for  the  purpose.  I  hope, 
however,  to  be  able  to  grow  a  considerable  quantity  during  the  ensu- 

ing summer,  and  to  repeat  the  experiments. 
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The  facts  ascertained  are,  ho-^ever,  amply  sufficient  to  prove  that 
ammonium  sulphocyanate  acts  as  a  powerful  poison  on  these  plants, 
notvrithstanding  the  large  proportion  of  ready-formed  ammonia  it 
contains,  while  its  metamer  thiocarbamide  stimulates  the  growth  of 
similar  plants,  and  induces  healthy  development  of  all  their  parts, 
thus  acting  as  a  distinct  plant  food.  Indeed  if  it  were  not  that 
thiocarbamide  tends  to  revert  to  the  sulphocyanate  after  some  time, 
the  former  might  be  regarded  as  a  good  organic  manure  for  tobacco. 

I  must  leave  to  the  vegetable  physiologist  the  task  of  determining 
the  precise  way  in  which  nutrition  is  arrested  by  the  sulphocyanate, 
and  promoted  by  thiocarbamide  :  for  the  present  I  am  content  to  have 
shown  that  their  effects  on  the  particular  plants  employed  are  widely 
different,  though  the  bodies  compared  contain  the  same  elements  che- 

mically united,  in  the  same  proportions  within  molecules  of  the  same 
weight.  The  conclusion  is  inevitable  that  their  strongly  contrasted 

physiological  action  is  due  to  diverse  molecular  structure.  "We  thus 
learn — 

1st — That  the  particular  elements  of  which  the  bodies  are  com- 
posed exerted  less  influence  on  their  physiological  activity  than  the 

intra-molecular  grouping  of  the  component  atoms. 
2nd — That,  in  some  instances  at  least,  differences  of  physiological 

activity  between  metameric  bodies  can  be  easily  detected  with  the  aid 
of  Dlants. 
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LXXXIV. — A  New  Deieemination  of  the  Constant  of  Peecession. 
Ey  J.  L.  E.  Deetee,  Ph.D. 

[Eead,  June  26,  1882.] 

Among  tte  various  constants  of  Astronomy  one  of  the  most  important 
is  the  Constant  of  Precession.  It  is  remarkable  how  few  determina- 

tions of  the  exact  quantity  of  this  constant  have  appeared  during  this 
century,  considering  the  great  number  of  investigations  called  forth  by 

the  progress  of  Astronomy.  JS'ot  counting  theoretical  researches  on 
the  subject,  such  as  those  of  Laplace,  Leverrier,  Lehmann,  and  Stock- 
well,  which  possess  great  interest,  but  cannot,  as  regards  accuracy, 
compare  with  those  deduced  from  observations,  we  have  in  reality 
only  three  recent  determinations  of  the  Constant  of  Precession,  by 
Bessel,  Struve,  and  Nyren.  My  reasons  for  undertaking  a  new  deter- 

mination will  be  best  described  by  giving  a  rapid  sketch  of  the  re- 
searches of  these  three  astronomers. 

Bessel  founded  his  investigation^  on  about  2400  stars  which  occurred 
both  in  Piazzi's  Catalogue  and  in  the  catalogue  which  he  had  himself 
deduced  from  Bradley's  observations.  As  the  epochs  of  the  two 
catalogues  are  1755  and  1800,  he  thus  found  for  1777-5  the  value  of 
the  two  constants  commonly  designated  as  m  and  n,  with  which  the 

variation  of  the  right  ascension  (a)  and  declination  (S)  of  a  star  is  com- 
puted by  the  well-known  formulae 

da  i.      o    • 

■^  =  m  +  n  tan  6  sm  a, (to 

dh 
-vr  =  w  cos  a, at 

and  from  m  and  n  the  constant  of  the  "General  Precession."  The 
result  thus  found  was  some  years  after  modified  by  applying  certain 

corrections  to  Bradley's  and  Piazzi's  Eight  Ascensions,  which  were 
made  necessary  by  the  better  value  for  the  Constant  of  Nutation  which 
Lindenau  in  the  mean  time  had  produced,  as  also  by  the  two  Funda- 

mental Catalogues  for  1815  and  1825,  deduced  from  the  Kdnigsberg 

observations.     Bessel's  modified  result  for  the  year  1800  is'^ 
50" -2235. 

Otto  Struve  used  for  his  determination^  a  very  small  number  of 

1   Fundamenta  Astronomiae,  p.  285,  et  seq. 
•  Astronomische  Nachrichten,  vol.  iv.  (1826). 
3  Memoires  de  I'Academie  de  St.  Petersbourg,  1842. 
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stars,  only  400,  but  these  had.  been  most  carefully  obseryed  in  Dorpat 
from  1822  to  1838,  and  the  resulting  positions  could  be  compared  with 

Bradley's  positions  for  the  epoch  1755.  The  interval  between  the  two 
epochs  was  thus  considerably  longer  than  in  the  case  of  Bessel's  in- 

vestigation, and  this  is  a  great  advantage,  as  any  error  in  the  adopted 
equinoxes  will  thus  be  divided  by  a  larger  quantity  and  become  less 

detrimental.  But  it  detracts  greatly  from  the  value  of  Struve's  result, 
that  he  has  used  such  a  small  number  of  stars.  It  is  easy  to  see  that, 
if  we  use  a  large  number  of  stars,  we  have  to  a  great  extent  a  right  to 
suppose  them  uniformly  distributed  over  the  celestial  sphere,  and  we 
may  then  safely  neglect  the  influence  of  the  proper  motion  of  the  solar 
system  in  space,  as  this  influence  on  the  stars  in  a  certain  part  of  the 
sky  will  be  counteracted  by  the  influence  on  the  region  diametrically 
opposite.  But  400  stars  are  of  course  not  uniformly  distributed,  and 
Struve  was  thus  obliged  to  take  the  proper  motion  of  the  sun  into 
account.  This  he  did  in  a  very  beautiful  manner  ;  but  as  the  amount 
of  the  apparent  motion  of  a  star,  occasioned  by  the  motion  of  the  sun 
in  space,  depends  on  the  distance  of  the  star,  Struve  had  to  adopt  his 

father's  expressions  for  the  relative  distances  of  stars  of  the  various 
classes  of  magnitude,  and  it  will  be  conceded  by  everybody  that  these 
expressions  are  anything  but  certain.  They  depend  on  two  hypotheses, 
neither  of  which  are  very  well  founded,  viz.,  the  supposition  of  a 
uniform  distribution  in  space  of  the  stars  of  the  galaxial  system,  and 
the  supposition  that  the  apparent  brightness  of  stars  generally  depends 
on  their  distance  from  us.  Unfortunately  the  influence  of  the  adopted 
system  of  relative  distances  on  the  final  result  is  not  inconsiderable. 

Struve's  result,  which  is  for  1800, 
50" -2411, 

has  by  degrees  come  into  general  use ;  but  partly  on  account  of  the 

difference  between  it  and  Bessel's  result,  partly  owing  to  the  doubtful 
suppositions  on  which  it  to  some  extent  depends,  it  must  be  considered 

very  desii'able  to  try  by  other  means  to  deduce  a  new  value  for  the 

Constant  of  Precession.  This  was  done  in  1869  by  Dr.  E'yren  of  Pul- 
kova,  in  a  paper  in  the  Swedish  language,'^  but  the  value  he  found differed  in  a  remarkable  manner  from  the  results  of  Bessel  and 
Struve. 

IS'yren  adopted  a  new  plan.  Instead  of  using  the  brighter  stars such  as  generally  occur  in  Fundamental  Catalogues,  he  chose  the  Eight 
Ascensions  of  the  large  number  of  telescopic  stars  round  the  equator 

(between  ±15°  declination)  which  could  be  found  both  in  "Weisse's 
Catalogue  (deduced  from  observations  made  by  Bessel  in  1821-25) 

and  in  Schjellerup's  Catalogue,  founded  on  observations  made  by  this 
astronomer  in  the  years  1861-63.     As  the  positions  for  these  5000 

^  Translated  in  tlie  Bulletin  de  I'Acad.  Imp.  de  St.  Petersbourg,  1870. 
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stars  were  determined  with  an  interval  of  about  forty  years,  with  first- 
class  instruments,  and  by  eminent  observers,  and  as  Nyren  took  special 

precautions  to  clear  Bessel's  positions  of  constant  errors  by  comparisons 
with  the  Dorpat  and  Armagh  Catalogues,  the  material  thus  prepared 
must  be  considered  very  promising  for  k  good  result.  It  was  there- 

fore very  surprising  that  the  comparison  between  Schjellerup's  and 
Bessel's  Right  Ascensions  showed  a  well-established  difference 
S  -  JB  =  -  O''lo5,  which,  after  reducing  the  equinoxes  of  the  two 

Catalogues  respectively  to  "Wolfers'  equinoxes  for  1830,  and  to  an equinox  for  1862,  deduced  from  Greenwich  and  Paris  observations, 
did  not  become  smaller  than  -  C^'OGS.  This  indicated  a  rather  con- 

siderable correction  to  the  adopted  constant.  Nyren's  final  result  was, 
for  1800, 

50"-1882. 

The  deviation  of  this  result  from  Bessel's  and  Struve's  is  very 
much  larger  than  the  accuracy  of  modern  observations  should  lead  one 
to  think  possible.  In  my  Paper  on  the  personal  errors  in  transit  ob- 

servations (these  Proceedmgs,  ser.  n.,  vol.  ii.,  p.  518)  I  have  mentioned 

a  fruitless  attempt  to  find  out  whether  either  Bessel's  or  Schjellerup's 
Right  Ascensions  show  any  sign  of  errors  depending  on  the  magnitude 
of  the  stars,  as  such  an  error,  if  it  existed,  might  explain  the  difference 
between  the  constants  of  precession  found  from  bright  and  from  faint 
stars.  But  although  it  turned  out  to  be  impossible  to  find  directly 
whether  the  personal  errors  of  Bessel  and  Schjellerup  depended  to  any 
sensible  extent  on  magnitude,  there  are  many  circumstances  which 
must  lead  us  to  believe  that  this  was  not  the  case.  Argelander  has 

compared  Bessel's  Eight  Ascensions  with  those  of  W.  Struve  (''Posi- 
tiones  Mediae"),  and  found  8  -  B  =  ~  0'-043  ;  but  as  the  reduction  of 
Struve  to  Wolfers'  Pundamental- System  is  zero,  while  Bessel's  is 
-  0'-012,  the  difference  between  Wolfers'  {i.e.  Bessel's  Fundamental 
Catalogue)  and  Bessel's  zones  would  only  appear  to  be  -  0'-031.  As 
to  Schjellerup,  we  possess  a  comparison  between  his  catalogue  and 
that  deduced  by  Copeland  and  Borgen  from  their  observations  of  stars 

between  the  equator  and  -  2°  declination ;  and  as  these  observers  used 
the  same  standard  system  (Nautical  Almanac),  the  result,  C  and  ̂ -  /S' 
=  -  0'-005,  leaves  scarcely  any  doubt  that  Schjellerup's  Right  Ascen- 

sions are  free  from  constant  errors. 

Nyren's  result  must  therefore  be  affected  by  some  considerable 
errors  in  one  of  his  equinoxes,  and  a  later  investigation  by  himself 
has,  in  fact,  shown  conclusively  that  the  observations  of  the  sun,  made 
in  Greenwich  (and  on  which  his  equinox  for  1862  chiefly  depended), 
require  a  large  positive  correction  to  make  them  agree  with  the  ob- 

servations made  at  Pulkowa,  Edinburgh,  Cambridge,  Paris,  and 

"Washington ;  and  their  fair  accordance  with  the  Paris  observations  of 
1856-59  must  be  due  to  the  chapter  of  accidents.  But  it  is  evident 
that  this  positive  correction  will  do  away  with  the  greater  part  of  the 
large  difference  between  Schjellerup  and  Bessel,  and  consequently 

K.  I.  A.  PROC,  SEll.  II.,  VOL.  III. — SCIENCE.  3  I 
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bring  JS'yren's  constant  yery  near  to  Stnive's  and  Bessel's.  Although, 
j^yren  appears  to  have  seen  this  himself,  he  has  not  determined  the 
exact  amount  of  the  necessary  correction  to  his  constant."  A  few 
years  ago,  however,  I^ewcomh  published  a  note,  "  Eeduction  of  the 
Constants  of  Precession  found  hy  Bessel,  Struve,  and  Xyren,  to  a 

Common  Equinox,"  in  which  he  investigates  the  changes  these  three 
constants  undergo,  if  the  star-catalogues,  fi'om  which  they  were  origi- 

nally derived,  be  referred  to  a  common  system  of  standard  places,  and 

as  such  he  adopts  his  "  Eight  Ascensions  of  Equatorial  Eundamental 
Stars."     The  improved  values  thus  found  are — 

Bessel,  50" -214, 
Struve,  50  -236, 

ISTyren,     50  -220. 

That  we  are  still  far  from  possessing  a  satisfactory  knowledge  of 
the  exact  value  of  the  Constant  of  Precession  seems  evident,  par- 

ticularly when  we  remember  the  doubtful  assumptions  on  which 

Struve' s  value  depends.  I  have  therefore  thought  it  would  be  of 
interest  to  determine  a  new  value  of  this  important  constant. 

When  considering  the  materials  available  for  an  investigation  of 
this  kind,  it  must  be  remembered  that  it  is  highly  desirable  not  to 
employ  stars  diffeiing  too  much  in  brightness,  nor  too  small  a  number 

of  stars,  in  order  that  the  result  may  be  as  free  as  possible  fi'om  errors 
of  observation  depending  on  magnitude,  or  arising  fi'om  irregular 
distribution  of  the  stars  over  the  heavens.  I  decided  therefore  to  use 

telescopic  stars,  and,  of  catalogues  of  such,  none  seemed  to  me  better 

suited  for  the  purpose  than  Lalande's  ''Histoire  Celeste  Eranqaise,"  and 
Schjellerup's  Catalogue  of  stars,  the  latter  being  the  same  as  employed 
by  Is^yren.  Lalande's  observations  were  made  during  the  years  1789- 
1801,  at  the  Observatory  of  the  Ecole  ITilitaii'e,  in  zones  of  2° ;  among 
50,000  stars,  of  which  his  Histoii'e  Celeste  contains  observations,  there 
are  about  3300  which  also  occur  in  Schjellerup's  Catalogue;  and  as 
they  ai'e  distributed  in  a  fairly  uniform  manner  over  the  equatorial 
belt  (between  ±15°  decl.)  throughout  the  twenty-four  hours  of  Eight 
Ascension,  and  were  observed  most  carefully  with  an  interval  of  about 

sixty-six  years,  it  seemed  beyond  doubt  that  they  would  furnish 
good  material  for  the  new  determination  of  the  Constant  of  Precession. 

The  Histoire  Celeste  contains  only  the  unreduced  observations 
which  were  not  catalogued  until  1847,  when  the  British  Government 

published  the  well-known  catalogue  which  had  been  reduced  by 

means  of  Schumacher's  tables  of  reduction  under  the  superintendence 

5  iSTyi'en,  Das  Aeqiunoctium  fiir  1865,  p.  31  (Mem.  de  I'Acad.  de  St.  Peters- 
bom-g,  1876). 

^  Vierteljalu'schrift  der  astronomischen  Gesellschaft,  xiii.  pp.  107-110. 
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of  Baily.  But  unfortunately  Schumacher's  tables  depend  too  much  on 
the  values  given  by  Lalande  for  the  auxiliary  quantities  necessary  for 

the  reduction,  Tvhich  are  far  from  exact,  and  Baily' s  Catalogue  is, 
therefore,  now  of  little  or  no  use  except  as  an  index  to  the  stars  ob- 

served by  Lalande,  In  1868  the  late  Dr.  von  Asten  published  new 

tables  of  reduction,  founded  on  a  thorough  discussion  of  Lalande's  ob- 
servations of  such  stars  as  also  occur  in  Piazzi's  Catalogue,  Prom 

these  tables  it  became  necessary  to  reduce  anew  about  3600  Bight 
Ascensions  of  about  3300  stars;  but  although  this  involved  a  consider- 

able amount  of  work,  the  comparison  of  the  Eight  Ascensions  thus 
derived  with  those  of  Baily  showed  how  absolutely  necessary  this  new 
reduction  was.  I  have  to  thank  the  Eoyal  Irish  Academy  for  placing 
at  my  disposal  a  grant  which  enabled  me  to  procure  the  assistance  of 
an  experienced  computer  for  this  part  of  the  work.  It  is  scarcely 

necessary  to  mention  that  I  have  taken  into  account  the  valuable  col- 

lection of  corrections  to  Lalande's  Observations  which  Argelander  has 
published  in  vol.  vn.  of  the  Bonn  Observations. 

When  the  lEean  Eight  Ascensions  for  the  year  1800  of  all  the  stars 
common  to  Lalande  and  Schjellerup  had  been  computed,  I  proceeded 

to  reduce  them  to  1865-0,  the  epoch  of  Schjellerup's  Catalogue.  As 
von  Asten  had  used  Bessel's  constant  for  the  construction  of  his  tables, 
and  Schjellerup  had  used  Struve's,  I  thought  it  best  to  adopt  the 
mean  of  the  two  constants,  and  deduce  a  correction  to  this  mean  as  the 

final  result  of  the  investigation.  By  taking  the  mean  of  the  preces- 

sions given  for  each  star  in  Baily's  and  Schjellerup's  Catalogue,  I  also 
took  the  secular  variation  of  the  precession  into  account  without  any 
trouble.  I  may  add  that  I  took  every  possible  care  to  detect  errors  in 

Baily's  and  Schjellerup's  precessions;  and  whenever  Argelander's  cor- 
rections to  the  original  observations  altered  the  place  of  the  star  for 

1800  sufficiently  to  influence  the  third  decimal  of  the  precession,  I 

recomputed  the  latter  quantity  for  the  epoch  1800  with  Bessel's constant. 

The  Eight  Ascensions  thus  reduced  to  1865  were  next  compared 

with  Schjellerup's  results.  "Wherever  the  difference  Sch.-Lal.  ex- 
ceeded about  0^  '7,  I  examined  the  case  carefully  to  find  out  whether 

there  was  a  case  of  proper  motion,  or  whether  one  of  the  two  observers 
had  failed  by  exactly  one  second  (an  error  occasionally  occurring  in 
zone  observations).  If  this  latter  was  the  case  it  was  generally  easy 
to  detect  the  error  by  a  reference  to  other  star-catalogues,  but  if  not, 
the  amount  of  proper  motion  was  determined  in  a  similar  way,  unless 

indeed  it  could  be  taken  from  Madler's  Bradley,  the  Abo  Catalogue,  or 
Argelander's  list  of  250  Proper  llotions.  As  the  majority  of  large 
proper  motions  are  independent  of  the  motion  of  the  sun  in  space,  and 
many  adjacent  stars  are  known  to  move  in  parallel  directions,  I 
thought  it  better  not  to  trust  to  the  large  number  of  stars  employed 
to  do  away  with  the  effect  of  proper  motion,  but  to  correct  for  the 
latter  wherever  I  could  detect  it. 
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Taking  tlie  mean  of  all  the  differences  for  each  hour  of  Right 
Ascension,  I  found — 

0"^     Schj. -Lai.    =  + 0^-099     from     133 stars 
1 + 0  -073       , 

72 
)) 

2 + 0  -092       , 80 ;) 
3 + 

0-143       , 
142 J) 

4 + 
0-106       , 

121 ;> 
5 + 

0-051 
108 >j 

6 + 
0-059       , 

128 J7 

7 + 0  -077       , 112 
}} 

8 + 0  -042       , 
125 V 

9 + 0  -024       , 135 n 

10 

4- 

0  -034       , 117 
)> 

11 - 0-014       , 
132 M 

12 
_ 0  -055       , 156 5) 

13 
— 0  -023       , 115 5) 

14 + 
0-032       , 107 

1} 

15 - 0  -009       , 137 J  J 

16 + 
0-055       , 

149 )> 
17 + 0  -076       , 

145 

5) 

18 + 0  -042       , 
185 

)) 
19 + 0  -036       , 

176 7  ? 
20 + 0  -043       , 207 

7) 

21 

-1- 

0  -050       , 174 

;; 

22 + 
0-062       ,, 

140 J  J 

23 + 
0-006       ,, 

169 

)) 

As  will  he  seen  from  the  number  of  stars  within  each  hour,  the 
stars  are  not  quite  as  uniformly  distributed  as  might  have  been 

wished,  there  being  a  minimum  at  l''-2^,  and  a  maximum  at  19''-20^. 
But  as  these  hours  must  rather  be  considered  as  exceptional,  and  as 

the  single  differences  within  1''  and  2'^  agree  well  inter  se  and  with  the 
majority  of  the  remainder,  there  is  no  reason  to  give  these  hours  less 
weight  than  the  rest.  It  is  not  without  interest  to  notice  the  preva- 

lence of  the  plus  sign  around  3'',  and  of  the  minus  sign  nearly  diame- 
trically opposite.  This  agrees  well  with  the  direction  of  the  motion 

of  the  solar  system  through  space. 
The  mean  result  of  the  24  hours  is — 

Schjellerup-Lalande     =  +     0^-0459  +  0'-0061. 

From  this  difference  we  have  now  to  separate  the  quantities  depend- 

ing on  the  constant  errors  of  the  fundamental  systems,  i.e.  of  Piazzi's 
Catalogue  and  the  Nautical  Almanac.  It  appeared  advisable  to  reduce 

these  to  Newcomb's  above-mentioned  standard  system,  which  is  pro- 
bably sensibly  free  from  systematic  errors ;  besides,  I  could  thus  make 

my  final  result  directly  comparable  with  ]S"ewcomb's  corrected  values. 



Dkeyer — Neio  Determination  of  Constant  of  Precession.     623 

The  correction  to  Piazzi  is  +  O^'lOO,  and  that  to  the  Nautical  Almanac 
for  1861-63  is  +  O^'-OTS  :  the  difference  becomes  then — 

Schjellerup-Lalande     =+     0^-019     =+     0"-285. 

This  quantity  must  now  be  considered  as  arising  from  an  error  in 
the  adopted  value  of  the  constant  m ;  and  as  the  interval  between  the 
mean  dates  of.  the  two  series  of  observations  was  found  to  be  exactly 

66  years,  we  have  for  1829-7  (the  mean  of  the  two  epochs), 

Am  =  +  0"  -0043. 

This  correction  has  now  to  be  added  to  the  mean  of  the  two  values 

of  m  which  were  used  for  computing  the  precessions  for  1800  and  1865. 
This  is 

m- 46" -06225, 

and  consequently  the  new  value  is  (for  1829-7), 

m  =  46" -0666. 

In  order  from  this  to  determine  the  Constant  of  Precession  for  the 

epoch  1800,  I  adopted  the  values  of  the  planetary  precession,  the  dif- 
ference between  the  lunisolar  and  general  precessions,  and  of  the 

obliquity  of  the  ecliptic,  given  by  the  late  Professor  Peters  in  his 

memoir  "  Numerus  constans  Nutationis,"  and  found  for  1800  +  ̂  : 

Lunisolar  Precession  =  50" -3752  -  0" -0002168^. 

General  Precession      =  50    -2365  +  0  -0002268  t. 

m  =  46    -0581  +  0  -0002849!;. 

w  =  20    -0589  -  0  -0000862  t. 

The  new  value  of  the  Constant  of  Precession,  50" -2365  for  1800, 
is  only  0"  -0046  smaller  than  the  value  now  in  use  in  all  the  great 
astronomical  Ephemerides,  and  the  confirmation  thus  given  to  Struve's 
value  is  of  importance,  when  we  remember  the  uncertain  foundation 
on  which  the  latter  rests.  That  my  result  is  entitled  to  some  weight 
cannot  be  doubted,  as  it  depends  on  more  than  three  thousand  stars 
observed  most  carefully  with  an  interval  of  66  years.  The  result  is 
also  interesting  as  showing  that  the  fainter  stars,  down  to  the  ninth 
magnitude  inclusive,  are  not  distinguished  by  any  common  and  rotatory 
proper  motion,  such  as  would  reveal  itself  by  their  giving  a  different 
value  for  the  Constant  of  Precession  from  that  given  by  the  brighter 
stars. 
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LXXXY. — ilrxTipiE  Eexal  AEiEErES.      By  A.  ]!JLi.CAi,isTEE,  3I.D., 
P.R.S.,  Professor  of  Anatomy,  University  of  Dublin. 

[Eead,  June  26th,  1882.] 

IjREE&rLAEiTiES  of  the  renal  arteries  are  the  commonest  varieties  met 

Tvith  among  the  abdominal  vessels  ;  indeed  these  arteries  present  some 
fonn  of  variation  in  three  cases  out  of  every  seven. 

Leaving  out  of  account  those  varieties  ■which  are  associated  "with 
misplaced,  or  horseshoe  kidneys,  "we  may  classify  the  many  forms  of 
anomalous  renal  arteries  as  follows  : — 

1.  Varieties  of  Numlers. — The  arteries  may  be — (a)  diminished  in 
number,  and  this  under  two  conditions — («),  with  absence  of  the  left 

kidney,  as  in  "Weissman's  case;^  or  (5),  with  the  origin  of  both  renals 
from  a  common  stem  arising  fi'om  the  front  of  the  aorta,  as  in  Portal's 
well-known  instance.  Yery  much  more  commonly  (yS)  the  arteries  are 
increased  in  number. 

]l'trultiple  renal  arteries  may  be  threefold — {a),  Most  commonly  the 
additional  branches  spring  from  the  aorta ;  (^),  or  they  may  come 

from  other  soui'ces ;  or  (<?)  there  may  be  a  co-existence  of  additional vessels  from  both  sources. 

Of  the  fii'st  class,  there  have  been  described  cases  of, 

one, 

two,       (         °,      1  j     +v,"!^o      f  left  aortic 
or         1  .  ,    T      .,,     i  '      (     renals 

three associated  with 

Of  these  twelve  varieties,  I  have  not  found  the  variety  of  two  right 
and  four  left,  and  I  have  seen,  in  addition,  single  instances  of  t]i:xe 
right  and  five  left,  and  three  right  and  six  left.  The  commonest  form, 
next  to  the  normal  condition  of  one  on  each  side,  is  two  on  the  right  and 
one  on  the  left.  The  second  commonest  condition  is  the  reverse  ;  but 
among  the  forms  with  larger  numbers  the  greatest  number  is  more  fire- 
quently  seen  on  the  left  than  on  the  right  side.  In  all  these  cases  one 
vessel  arises  in  the  position  of  the  normal  renal ;  a  second  commonly 
springs  from  the  aorta  much  lower  down,  generally  on  the  level  of,  or 
below,  the  inferior  mesenteric  ;  the  third,  when  present,  is  a  very  short 
distance  above  the  normal  renal,  very  close  to  the  supra-renal,  and  on 
the  level  of  the  superior  mesenteric  (this  branch  is  not  to  be  confounded 

^  In  cases  like  those  described  by  Hunter  (Med.  Trans,  of  tbe  London  Coll.  of 
Physicians,  vol.  iii.  1785,  p.  250),  and  by  John  Eeid  (Phys-  Path,  and  Anat. 
Eesearches,  p.  417),  where  there  were  two  kidneys  on  the  right,  and  none  on  the 
left,  there  were  two  right  renal  arteries,  an  upper  and  a  lower,  and  none  on  the 
left.     For  other  cases,  see  Edin.  Med.  Journal,  July,  1879. 
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"witli  the  form,  to  be  hereafter  noticed,  of  a  renal  branch  from  the 
supra-renal).  These  multiple  branches  have  been  described  by  most 
anatomists,  so  I  need  not  give  references.  Cases  of  five  on  the  right 
are  described  by  Otto  and  Meckel,  and  other  multiple  forms  are 
recorded  by  many  of  the  older  anatomists. 

2.  Varieties  of  Origin. — Additional  renals  often  spring  from  other 
sources,  in  the  following  order  of  frequency  : — (a),  The  supra-renal,  a 
very  common  source  of  an  upper  renal  artery ;  (/S),  the  second,  or 
(y),  the  third  lumbar  artery  ;  (8),  the  right  hepatic ;  (e),  the  colica 
dextra ;  (^),  the  external  iliac ;  (77),  the  internal,  or  (^),  the  common 

iliac  ;  or  (t),  from  the  middle  sacral.  Of  all  but  the  fij'st  I  have  seen 
but  single  instances.  Parallel  cases,  however,  are  quoted  by  Otto, 
who  has  seen  two  instances  of  the  last  form  where  the  anomalous 

branch  went  respectively  to  the  right  and  to  the  left  kidneys.  Otto 
also  records  a  curious  and  unique  example,  in  which  a  branch  from 
the  right  common  iliac  supplied  the  left  kidney. 

The  most  remarkable  instance  of  this  class  of  variety  which  I  have 

noted  is  one  "which  I  have  preserved  in  our  University  Anatomical 
Museum,  taken  from  a  male  adult  subject. 

In  this  case,  on  the  right  side,  there  are  three  renals,  two  from  the 
aorta,  a  normal,  and  an  inferior,  and  one  from  the  capsular  artery. 
There  is  no  capsular  branch  of  the  aortic  renal  on  this  side.  On  the 
left  side  there  are  six  renals  from  the  following  varied  sources  : — 
three  from  the  trunk  of  the  abdominal  aorta,  a  normal,  an  inferior,  and 

a  superior,  which  arises  directly  below  the  left  aortic  supra-renal,  and 
sends  an  inferior  capsular  branch  to  that  organ,  and  enters  the  superior 
extremity  of  the  kidney.  The  normal  renal  bifurcates  before  it  reaches 
the  hilus. 

A  fourth  renal  artery  springs  from  the  front  of  the  aoita,  im- 
mediately above  its  bifurcation,  and  Avith  its  origin  a  little  to  the 

right  of  the  middle  line.  If  this  origin  were  a  quarter  of  an  inch 

lower  it  would  be  comparable  with  Otto's  otherwise  singular  instance 
above  quoted.  The  fifth  renal  arises  from  the  sacra  media,  about  half 
an  inch  below  the  origin  of  that  vessel,  crosses  over  the  left  common 
iliac  artery  underlying  the  ureter,  and  entering  the  lower  part  of  the 
hilus  of  the  kidney.  The  sixth  and  lowest  branch  arises  from  the 
internal  iliac  artery  immediately  at  its  point  of  division,  ascends, 
crosses  the  common  iliac,  and  pierces  into  the  lower  part  of  the  gland. 
This  instance  is  thus  remarkable  as  combining  in  itself  three  of  the 
rarest  forms  of  anomaly  hitherto  described. 

3.  Anomalies  of  branching  of  the  renals  are  very  common  ;  indeed, 
the  number  of  branches  whereby  the  normal  renals  enter  the  substance 
of  the  kidney  is  very  inconstant ;  three  or  four  are  the  commonest 
numbers,  but  I  have  seen  up  to  ten  penetrating  branches.  I  have, 
however,  preserved  no  record  of  the  relative  frequency  of  these.  Otto 
describes  the  renals  in  one  case  as  branching  into  very  many  branches. 
The  other  extreme,  that  is,  the  entrance  of  the  renal  by  a  single 
branch  into  the  glandular  substance,  is  rarer  than  multiple  division. 
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4.  Varieties  of  Entrance. ^Th.e  places  where  renal  arteries  enter 
the  kidney  vary.  Usually — (a),  all  enter  at  the  hilum  ;  (/3),  one  often 
enters  at  the  lower  end,  and  this  in  most  cases  comes  from  the  aorta,  but 
may  be  a  branch  of  the  normal  renal,  once  from  the  lumbar  ;  (y),  one 
may  enter  at  the  upper  end,  most  commonly  a  branch  of  the  supra- 

renal, but  "which  may  be  from  the  aorta  or  normal  renal.  I  have  seen 
a  vessel  piercing  into  the  front  surface  of  the  gland  from  the  normal 
renal ;  and  in  another  case  a  posterior  branch  passed  under  the  inner 
edge  of  the  gland,  and  entered  the  gland  at  the  middle  of  its  posterior 
surface. 

5.  Varieties  of  Distriiution  of  Branches. — From  the  renal  there  may 
arise  branches- — {a),  to  the  supra-renal  capsule,  very  common  if  not 
normal ;  (f),  to  the  diaphragm,  once ;  (c),  to  the  right  cms  of  the 
diaphragm;  ((?),  to  the  right  colon;  [e),  to  the  pancreas,  deep  surface 
of  the  head;  (/),  to  the  testis,  supplanting  the  normal  spermatic; 
{g),  to  the  right  lobe  of  the  liver.  These  anomalous  branches,  with 
single  examples  of  which  I  have  met,  were  all  on  the  right  side, 
which  is  curious,  as  the  majority  of  the  anomalies  in  Class  No.  2  were 
sinistral. 

In  connexion  with  these  anomalies,  it  is  interesting  that  in  one 

case  of  Oppolzer's  anomaly,  a  floating  kidney,  where  the  organ  was 
almost  entirely  surrounded  with  peritoneum,  the  vessels  were  normal, 
as  in  the  case  described  by  Urag  (Wiener  Medicinische  Woehenschrift, 
857,  No.  42). 

Multiplication  of  renal  arteries  is  not  surprising  when  we  consider 
the  arrangement  of  these  vessels  in  other  animals  and  their  develop- 

ment. Thus  for  the  elongated  kidneys  in  fishes  the  arteries  are 
numerous,  and  with  a  trace  of  metamerism  in  their  succession.  In 
the  iguana  and  monitor,  among  lizards,  they  are  also  multiple,  as  also 
in  snakes.  The  alligator  and  crocodile  have  three  or  four  on  each 
side.  Most  birds  have  four,  five,  or  six  pairs,  of  which  the  three 
uppermost  arise  from  the  aorta,  and  the  two  or  three  lowest  from  the 
ischiatic. 

The  mammalian  kidney  is  the  metanephros,  or  hinder  part  of  the 
primitive  excretory  organ,  and  it  originates  from  a  rounded  mass  of 
mesoblast,  from  the  intermediate  cell  mass  at  that  region  where  the 

dorsal  outgrowth  from  the  "Wolffian  duct  extends  forward  to  the  tissue behind  and  nearer  the  spine  than  the  rest  of  the  nephros.  In  this  tissue 
the  vessels  originate  in  situ  in  the  mesoblast,  close  to  those  which 
supply  the  abdominal  wall.  These  vessels,  which  are  thus  close 
together,  separate  at  an  early  period,  though  traces  of  this  primitive 
relation  persist  in  the  extra -peritoneal  anastomoses  of  the  renal  ar- 

teries, through  their  arterise  adiposte  and  capsular  branches.  We  owe 
many  of  the  anomalies  above  described  to  persistent  accidental  enlarge- 

ments of  some  of  these  vessels. 
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L XXX VI. — McscuLiE  ■  Anomalies,     including    those     of    the 
DlATHKA&M,  AND    SfBDIAPEKAGMATIC  ReGIONS    OF   THE  IIuMAN  BoDT. 

By   J.  F.  Knott,    F.  E.  C.  S.  I. 

[Eead,  June  26,  1882.] 

In  a  Paper  read  before  the  Royal  Irish  Academy  last  year  (vide  these 
Proceedings,  ante,  page  407)  I  gave  a  short  description  of  the  leading 
Abnormalities  in  Human  Myology  which  had  come  under  my  notice  dur- 

ing a  dissecting-room  experience  of  four  winters.  This  was  fairly  com- 
plete, so  far  as  the  muscles  of  the  head,  neck,  and  upper  extremities 

are  concerned,  but  included  only  a  few  of  those  of  the  trunk  and 
lower  limbs.  Some  of  my  scattered  notes  were  mislaid  at  that  time, 
and  I  was  obliged  to  postpone  their  publication.  Accordingly,  I  take 
the  present  opportunity  of  laying  before  the  Academy  the  results  of 
my  observations  on  the  muscular  variations  occurring  in  the  infra-dia- 

phragmatic segment  of  the  human  body,  during  an  anatomical  experience 
of  five  winter  sessions. 

Diaphragm  {phren,  septum  transversum,  midriff). — This  muscle  I 
have  examined,  with  a  special  view  to  the  detection  of  anomalies,  in 
thirty-six  cases.  Besides  the  variations  observed  in  these  more  special 
instances,  I  made  notes,  from  time  to  time,  of  peculiarities  which 
were  casually  observed,  or  to  which  my  attention  was  called  by  the 
dissector.  Special  care  was  given  to  the  examination  of  the  aortic 
opening  in  the  cases  tabulated. 

Crura.  {Appendices  of  Haller,  Capita  of  Albinus,  Processus  of 

Santorini). — The  cms  of  either  side  is  divided  by  Professor  "W".  Krause 
into  three  parts :  crus  internum  (s.  mediate),  crus  medium,  and  crus  ex- 

ternum. Of  these,  the  fi.rst  is  attached  to  the  bodies  of  the  third  and 
fourth  vertebrae,  and  the  intervertebral  disc  between  ;  the  middle  crus 
arises  by  a  small  and  pointed  process  from  the  front  of  the  second 
vertebra,  while  the  lateral  crus,  shorter  and  broader,  arises  from  the 
anterior  and  outer  aspects  of  the  body  and  front  of  the  transverse  process 
of  the  first  lumbar  vertebra.  Through  the  interval  between  the  crus 
internum  and  crus  medium  pass  the  splanchnic  nerves  ;  lying  on  the 
outer  side  of  which  is,  on  the  right  side,  the  major  azygos  vein;  on  the 
left  side,  the  minor.  Between  the  middle  and  external  crura  passes 
the  sympathetic  chain  on  either  side.  The  tendinous  margin  of  the 
external  crus  forms  the  ligamentum  arcuatum  internum. 

This  I  regard  as  much  the  best  description  of  the  arrangement  and 
attachments  of  the  crura.  Variations  in  the  course  of  the  veins  and 

nerves  are,  hoAvever,  often  met  with.  The  hiatus  aorticus  not  un- 
frequently  transmits  the  n.  splanchnicus  major ;  sometimes  both  this 
nerve  and  the  azygos  vein  (major  or  minor).  The  minor  splanchnic 
sometimes  passes  through  a  slit  in  the  crus  internum,  thus  subdivid- 
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ing  the  latter  into  two  pillars.  These  nerves  sometimes  pierce  the  crus 
medium.  The  v.  azygos  or  hemiazygos  may  pass  through  the  inter- 

val between  the  middle  and  external  crura  on  the  corresponding 
side,  and  either — hardly  ever  both — may  pass  through  the  aortic 
opening. 

The  hiatus  aorticus  transmitted  the  major  splanchnic  nerve  in 
three  instances;  the  corresponding  nerve  of  the  right  side  passed 
through  the  same  opening  in  one  case,  while  that  of  the  left  side  did 
so  in  two  of  the  thirty-six  bodies.  The  n.  splanchnicus  minor  of  the 
right  side  pierced  the  crus  internum  in  one  instance.  The  v.  azygos 
major  passed  through  the  aortic  orifice  in  two  of  the  bodies.  The 
hemiazygos  vein  passed  through  the  interval  between  the  middle  and 
external  crura  in  the  same  subjects. 

The  occurrence  of  erratic  muscular  slips  was  noted  in  several  of 
these  specimens.  In  two  cases  a  well-defined  muscular  bundle  of  an 
inch  in  breadth  arose  from  the  back  of  the  sheath  of  the  rectus 

abdominis,  close  to  the  xiphoid  appendix.  A  narrow  bundle  of  mus- 
cular fibres,  stretching  antero-posteriorly  on  the  left  leaflet  of  the  cor- 

diform  tendon,  was  present  in  one  case,  and  I  have  met  with  the  same 
anomaly  in  two  other  instances.  A  muscular  band,  passing  from  the 
under  surface  of  the  tendon  in  front  and  to  the  left  of  the  oesophageal 
orifice,  and  adherent  to  the  upper  surface  of  the  Kver  at  its  other 

extremity,  forming  a  m.  hepatico-diaphragmaticus,  was  present  in  one 
of  the  bodies.  A  distinct  muscular  band,  passing  in  front  of  the  aortic 
orifice,  was  present  in  five  cases.  The  other  variations  noted  were 
chiefly  of  the  extent  of  the  costal  attachments. 

Oiliqutis  abdominis  externus. — The  variations  of  this  muscle  I  have 
also  tabulated  in  thirty-six  cases,  besides  noting  other  anomalies 
which  came  under  my  notice.-  The  digitations  of  origin  have  been 
found  by  me,  as  by  most  other  observers,  to  vary  usually  from  six  to 
nine,  but  in  one  instance  no  less  than  ten  were  enumerated,  the  eight 
lower  ribs  giving  attachment,  and  the  seventh  and  eight  ribs  having 
each  two  digitations.  In  two  cases  the  twelfth  rib  did  not  give  origin 
to  any  of  the  muscular  fibres,  and  this  variety  I  have  also  noted  in 
five  other  instances  (not  included  in  the  number  specially  examined). 

Some  of  the  fibres  were  twice  found  continuous  with  those  of  the 

serratus  anticus  magnus ;  in  both  cases  these  fibres  were  connected 
with  the  ninth  rib.  The  posterior  fibres,  which,  descending  less 

obliquely  than  the  others,  pass  to  the  iliac  crest,  present  consider- 
able variations  in  the  extent  of  the  osseous  tract  to  which  they  are 

attached  on  the  ilium.  This  I  have  found  to  vary  from  one-third  to 
two-thirds  of  the  length  of  the  crest.  In  one  instance  (and  in  four 
other  cases  noted  from  time  to  time)  the  iliac  origin  of  the  latissimus 
dorsi  came  into  absolute  contact  with  the  posterior  edge  of  the  oblique 
muscle  at  its  attachment  to  the  bone,  so  that  the  triangle  of  Petit  did 
not  exist.  This  was  found  in  all  the  cases  in  very  muscular  subjects. 
The  degree  of  adhesion  of  the  aponeurosis  to  the  linea  semilunaris 
SpigeUi  I  have  found  to  vary  very  considerably  :  in  one  case  it  could 
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be  separated  with  the  greatest  ease,  not  presenting  any  intimate 
adhesion  at  all ;  in  two  other  cases  the  connexion  was  so  slight  that 
the  aponeurosis  could  be  satisfactorily  separated  till  the  linea  alba 
was  reached. 

Camper's  intercolumnar  lands  {^fibrce  collaterales  of  Winslow).-These 
fibres  present  very  varying  degrees  of  development,  and  I  have,  in 
emaciated  subjects,  sometimes  found  them  so  weak  as  to  be  able  to 
afford  hardly  any  strength  to  the  upper  angle  of  the  ring.  Complete 
absence  has  been  observed  by  Professor  Macalister :  this  I  have  not 
seen,  and  believe  that  it  must  be  a  very  rare  condition,  as  I  have 
examined  the  ring  with  special  care  in  more  than  two  hundred  sub- 

jects without  observing  it. 
A  variability  of  development  somewhat  proportionate  to  that  of 

Camper's  bands  I  have  found  to  exist  in  the  case  of  Colles's  triangular 
ligament  {Ugamentum  inguinale  internum  of  Bourgery,  lig.  Gimhernati 
reflexum  of  Henle). 

Ohliquus  externus  abdominis  minor  {s.  secundus). — One  example  of 
this  muscle  I  have  met  with  (not  in  any  of  the  cases  specially 
examined)  ;  arising  from  the  ninth  and  tenth  ribs  at  the  junction  of 

bone  and  cartilage,  it  passed  down  to  its  insertion  into  Poupart's  liga- 
ment, about  the  junction  of  the  middle  and  outer  thirds.  Its  breadth 

at  the  upper  end  was  about  two  and  a-half  inches  ;  at  the  lower 
extremity  about  an  inch  only.  About  two  inches  of  the  latter  were 
aponeurotic. 

Rectus  lateralis  abdominis  (Xelch). — This  muscle  has  been  described 
as  arising  from  the  tenth  rib,  about  the  middle  of  its  lower  border,  and 
passing  down  between  the  external  and  internal  oblique  muscles,  to 
its  insertion  into  the  crista  ilii,  also  about  the  middle.  I  have  twice 
met  with  a  muscular  band,  to  which  this  name  may  be  applied,  but  it 
arose  in  each  case  from  the  eleventh  rib,  near  its  apex.  The  inser- 

tion was  that  of  the  muscle  described  by  Kelch. 
Obliquus  abdominis  internus. — This  muscle  I  examined  in  the  same 

subjects  as  the  last.  In  these,  as  in  other  cases,  its  origin  from 

Poupart's  ligament  varied  considerably.  In  six  instances  it  occupied 
fully  two-thirds  of  the  length  of  the  latter  structure  ;  in  twenty-two, 
about  half;  in  the  remaining  eight  the  attachment  was  somewhat  less. 
The  costal  attachments  varied  from  two  to  five.  In  twenty-eight  of 
thirty-six  muscles,  the  muscle  was  inserted  into  three  ribs  ;  in  three 
cases  into  five ;  in  six  into  four;  while  in  two  examples  the  correspond- 

ing number  of  ribs  gave  attachment.  In  two  cases  (not  included 
among  the  thirty-six  already  referred  to)  this  muscle  was  so  closely 
connected  with  the  transversalis  that  I  could  not  satisfactorily  separate 
the  adjacent  surfaces.  A  tendinous  inscription  of  about  two  and  a-half 
inches  in  length  was  observed  in  one  case  to  be  placed  opposite  the 
apex  of  the  tenth  rib.  This  I  have  also  noted  in  five  other  instances. 
In  two  cases  (not  of  the  thirty-six)  I  found  a  similar,  but  shorter,  in- 

scription opposite  the  eleventh  rib.  An  isolated  cartilaginous  slip 
opposite  the  tenth  costal  cartilage  I  have  met  with  twice,  and  similar 
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observations  have  been  made  by  Professors  Henle  and  Macalister. 
The  linea  semieircularis  Douglasii  which  marks  the  level  of  the 
entrance  of  the  deep  epigastric  artery  within  the  sheath  of  the  rectus 
abdominis  is  regarded  by  Retzius  and  by  Hyrtl  as  the  margin  of  a 
fold  of  the  fascia  transversalis,  which  descends  from  that  level  to 

cover  the  posterior  surface  of  the  bladder.  "With  the  description  of these  distinguished  anatomists  I  cannot  concur,  and  prefer  to  regard 
the  semicircular  border  as  the  lower  edge  of  the  aponeurosis  of  the 
transversalis  united  with  the  posterior  lamella  of  that  of  the  internal 
oblique,  where  they  cease,  to  pass  behind  the  rectus  muscle. 

Transversalis  abdominis. — The  costal  attachments  of  this  muscle,  in 
twenty-nine  of  thirty-six  cases,  were  six  in  number.  In  four  the 
attachment  was  to  seven  ribs ;  in  the  remaining  three  the  number  was 

reduced  to  five.  Guthrie's  description  of  the  perforation  of  the  lower 
part  of  the  muscle  by  the  spermatic  chord  was  verified  by  two  exam- 

ples, and  I  have  also  seen  two  or  three  others.  The  reflected  fibres 
described  by  Sir  Astley  Cooper  as  passing  from  the  outer  edge  of  the 
conjoined  tendon  and  reaching  along  Poupart  ligament  as  far  as  the 
internal  ring,  I  have  not  found  at  all  well  developed  in  any  case. 
Only  a  few  scattered  muscular  bundles  can  be  found  in  the  aponeuro- 

tic process,  which  passes  from  the  outer  margin  of  the  conjoined  ten- 
don, along  the  posterior  wall  of  the  inguinal  canal. 

Rectus  abdominis. — The  variations  of  this  muscle  chiefly  aiiect  the 
breadth,  length,  and  number  of  tendinous  inscriptions.  The  breadth 

opposite  the  umbilicus  I  have  found  to  vary  from  two  and  a-quarter 
inches  to  three  and  three-quarters.  I  have  traced  some  of  the  fibres  to  a 
sternal  insertion  i]i  two  instances.  In  one  case  I  noticed  that  the  upper 
attachment  of  the  muscle  was  to  the  cartilage  of  the  fourth  and  fifth  ribs. 

The  number  of  tendinous  inscriptions  varies  from  two  to  five,  three 
being  the  usual  proportion.  They  were  specially  examined  in  sixty 
cases.  Of  these,  two  presented  absence  of  the  xiphoid  inscription, 
those  present  being  the  umbilical  and  intermediate.  I  have  also 
observed  this  in  two  other  subjects,  in  one  of  which  the  deficiency 
was  bilateral.  The  intermediate  inscription  was  absent  in  one  case, 
and  I  have  noted  two  other  instances.  In  one  case  observed  (not 
included  in  the  above  sixty)  there  were  five  linese  transversEe,  two 
being  infra-umbilical.  In  five  of  the  sixty  cases  one  infra-umbilical 
inscription  was  present,  the  degree  of  development  varying  greatly. 
The  umbilical  inscription  was  invariably  present. 

Doubling  of  this  muscle  on  one  side  has  been  recorded  by  Otto ; 
but  this  must  be  excessively  rare.  In  some  emaciated  subjects  I 
have  sometimes  found  one  or  two  segments  easily  separable  into  two  or 
three  fasciculi. 

Pyramidalis  ahdominis. — This  muscle  I  have  carefully  examined  in 
sixty  subjects,  In  nine  of  these  the  muscle  was  absent  on  both  sides. 
In  five  subjects  it  was  absent  on  one  side  only :  in  three  of  these  the 
deficiency  was  on  the  left  side  ;  in  two  on  the  right.  In  six  of  the 
subjects  the  left  was  obviously  smaller  than  the  right,  the  difference 
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in  length  being  from  half  to  one  inch.  In  one  case  a  tendinous  slip 
from  the  upper  end  of  the  fleshy  fibres  produced  the  insertion  as  far 
as  the  umbilicus :  the  tendinous  segment  was  in  this  case  about  one- 
third  the  whole  length.  It  occurred  on  the  right  side.  In  one  case  a 
tendinous  inscription  was  found  to  cross  the  muscle  about  its  middle  ; 
its  development  was  bilateral,  and  the  inscriptions  on  the  same  hori- 

zontal level.  In  another  case,  not  included  in  the  above  number,  I 
have  seen  a  tendinous  intersection  on  one  side.  The  length  of  the 
muscle  varies  within  wide  limits,  and,  in  my  experience,  ranges  from 
little  more  than  one-fourth  of  tbe  distance  between  the  pubis  and 
umbilicus  to  two-thirds  of  that  space.  The  breadth  similarly  varies 
from  one-third  of  that  of  the  pubic  crest  to  the  whole  width  of  the 
latter. 

The  muscle  is,  in  some  cases,  easily  separated  into  two  or  three 
fasciculi ;  but  I  do  not  think  that  these  deserve  the  name  of  double, 
triple,  or  quadruple  pyramidales,  such  as  have  been  occasionally 
described  by  anatomists,  and  from,  I  have  no  doubt,  similar  ap- 
pearances 

Cremaster. — The  only  variation  of  this  muscle  which  I  have  noted 
is  an  origin  almost  wholly  continuous  with  the  lower  fibres  of  the 
transversalis  abdominis. 

Puho-peritonealis  (Macalister) ;  pubo-transversalis  (Krause). — I 
have  in  one  subject  found  a  delicate  band  of  muscular  fibres,  cor- 

responding in  position  to  the  anomalous  muscle  described  under  the 
above  name  by  Professor  Macalister.  It  arose  from  the  ilio-pectineal 

line  behind  Gimbernat's  ligament,  and  passed  obliquely  upwards 
towards  the  middle  line,  between  the  transversalis  muscle  and  fascia, 
to  within  two  inches  of  the  umbilicus.  It  passed  in  front  of  the  deep 
epigastric  artery,  and  was  inserted  into  the  fascia  transversalis. 

Qiiadratus  Imnhorum  {Scalenus  lumhorum  of  Meyer). — According  to 
C.  Krause,  the  anterior  portion  of  this  muscle  has  normally  an  attach- 

ment to  the  body  of  the  twelfth  dorsal  vertebrae.  This  observation 
does  not  accord  with  my  experience ;  but  this  vertebral  attachment 
did  exist  in  eight,  out  of  thirty  specimens,  in  which  it  was  specially 
searched  for.  The  slip  passed  upwards  and  inwards  in  front  of  the 
twelfth  rib,  and  below  and  nearly  parallel  to  the  eleventh  intercostal 
nerve.  In  two  cases  (not  included  in  the  above  number)  I  have 
found  a  slip  to  the  eleventh  dorsal  vertebra,  and,  in  three  instances, 

slips  to  both  eleventh  and  twelfth  co-existed.  In  one  subject  a  slip 
passed  to  the  lower  border  of  the  eleventh  rib. 

Levator  ani  {levator  intestini  recti;  diapliragma  pelvis). — This 
muscle  seldom  presents  any  notable  anomalies.  An  inferior  slip  of 
occasional  occurrence  is  mentioned  by  W.  Krause,  passing  separately 
backwards  to  the  anus,  sometimes  above  the  transversus  perinaei 
superficialis,  and,  in  other  cases,  above  the  transversus  p.  profundus. 
I  have  once  seen  a  band  of  fibres  answering  to  the  description  in  the 
last-named  position. 

Coccygeus. — This  muscle,  the  rudimentary  homologue  of  the  m. 
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abductor  caiidm  anterior  of  the  canine  tribe  (W.  Krause),  presents 
great  rarieties  in  the  degrees  of  its  deyelopment.  Three  times  I  have 
found  complete  absence  of  the  muscular  fibres ;  in  one  of  these  the 
deficiency  was  bilateral,  and  tendinous  fibres  took  the  direction  of  the 
normal  muscular  bundles. 

Sacro-coecygeus  posticus ;  extensor  coccygis  ;  levator  coccygis  (Mor- 
gagni). — This  bundle  of  muscular  fibres  I  have  found  four  times  in 
thirty  subjects.  Once  it  was  bilateral ;  once  the  origin  was  from  the 
posterior  inferior  iliac  spine  ;  in  the  other  cases  it  arose  from  the 

posterior  surface  of  the  third  and  fourth  bones  of  the  sacrum.  "W. Krause  regards  it  as  the  homologue  of  the  extensor  caudce  lateralis  of 
the  dog. 

Sacro-coccygeus  anticus ;  curvator  coccygis  (the  homologue  of  the 
m.  flexor  caudc^  of  the  dog,  according  to  W.  Krause). — This  band  of 
muscular  fibres  passes  from  the  fourth  and  fifth  bones  of  the  sacrum, 
along  the  front  of  the  coccyx,  nearly  to  the  tip  of  the  latter.  I  found 
muscular  fibres  twice  in  sixteen  subjects,  and  in  several  others  tendi- 

nous bands  occupied  the  corresponding  position.  I  have  also  met 
with  these  fibres  in  several  other  instances,  but  they  were  always  very 
weakly  developed. 

Transversus  perinaei  siiperficialis  {s.  posterior'). — This  muscular band,  which  was  first  figured  by  Tiedemann  (1822),  is  described  by 
Les shaft  as  an  anomalous  muscle  of  comparatively  rare  occurrence 
(9  per  cent.)  Krause  has,  however,  found  its  occurrence  much  more 
frequent,  and  I  have  myself  found  it  six  times  in  thirty  subjects  in 
which  it  was  searched  for.  I  have  also  met  it  casually  in  many  other 
dissections.  It  was  regarded  by  Theile  (1841)  as  an  aberrant  slip  of 
the  sphincter  ani  externus.  This  muscle  lies  between  the  layers  of 
the  superficial  fascia,  passing  from  opposite  the  inner  margin  of  the 
ascending  ramus  of  the  ischium,  or  beneath  the  tuberosity  of  this 
bone,  forwards  and  inwards  to  the  central  tendinous  point  of  the 
perinseum.  The  muscle  more  generally  known  as  the  t.  p.  super- 
ficialis  has  been  named  by  Lesshaft  the — 

Transversus  perinm  medius. —  This  muscle  lies  between  the  deep 
layer  of  the  superficial  fascia  (so-called  fascia  of  Colles)  and  the 
anterior  layer  of  the  triangular  ligament.  According  to  Lesshaft, 
this  muscle  is  absent  in  thirty-five  per  cerwt.  of  the  cases  examined. 
In  thirty  subjects  specially  examined  by  me  the  muscle  was  eight 
times  absent,  the  deficiency  being  bilateral  in  five  cases.  In  the 
others  the  degrees  of  development  varied  greatly. 

Transversus  perincei  profundus  (s.  anterior').  {Guthrie's  muscle; 
iscMo-bulbosus). — This  muscle  is  placed  farther  forwards  than  that 
already  named,  and  is  separated  from  the  anterior  margin  of  the 
levator  ani  by  the  deep  layer  of  the  triangular  ligament.  The  degree 
of  development  varies  greatly,  and  it  was  completely  absent  three 
times  in  thirty  bodies. 

Gluteo-perinealis  (Krause). — This  band  of  muscular  fibres,  passing 
from  the  fascia  over  the  inner  margin  of  the  gluteus  maximus  (oppo- 
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site  the  tuberosity  of  the  ischium)  to  the  central  tendinous  point  of 
the  perinseum,  I  have  twice  observed.  It  is  a  variety  of  transversalis 
perinai  superficialis. 

Levator  urethrce. ;  pubo-urethralis  ;  Wilson'' s  muscle. — This  muscle  is 
now  properly  regarded  as  formed  by  the  anterior  fasciculus  of  the 
levator  ani  muscle.  It  is  a  small  band  (usually  about  1  mm.  in 
breadth),  which  arises  about  1  cm.  outside  the  margin  of  the  symphysis 
pubis,  and  about  the  middle  of  its  level,  and  passes  downwards  and 
backwards  to  the  central  tendinous  point  of  the  perinseum.  It  was 
absent  five  times  in  thirty  subjects  examined,  the  deficiency  being 
bilateral  in  all  cases. 

Psoas  magnus. — This  muscle  was  examined  on  both  sides  in  forty 
subjects.  Some  variations  of  origin  were  observed.  In  three  instances 
some  fibres  took  origin  from  the  neck  of  the  last  rib  ;  this  peculiarity 
was  symmetrical  in  two  of  the  cases.  Fibres  of  origin  came  from  the 
lateral  margin  of  the  right  crus  of  the  diaphragm  in  one  of  these,  and 
I  have  notes  of  three  other  cases  in  which  the  same  was  observed. 
An  origin  from  the  left  crus  I  have  once  met  with. 

The  origin  from  the  last  lumbar  vertebra  was  deficient  in  five 
bodies.  In  three  this  occurred  on  both  sides ;  in  the  other  two  it  was 
unilateral,  the  deficiency  being  on  the  left  side  in  both  cases. 

Psoas  parvus. — This  muscle  was  present  in  seven  of  the  forty 
subjects.  In  five  of  these  it  was  bilateral ;  in  the  other  two  on  the 
right  side  only.  The  origin  in  all  cases  was  as  described  in  the  ordi- 

nary text-books. 
A  case  of  psoas  parvus  having  the  usual  origin,  but  inserted  into 

the  side  of  the  cartilage  between  the  third  and  fourth  lumbar  ver- 
tebrae, has  been  already  published  by  me  in  these  Proceedings. 

Sartor ius. — A  case  of  insertion  into  the  inner  side  of  the  capsule 
of  the  knee-joint  has  been  already  recorded.  A  well-marked  separa- 

tion between  the  spinous  origin  of  this  muscle  and  that  from  the 
interspinous  notch  I  have  four  times  noted.  In  three  cases  the  chink 
transmitted  a  considerable  branch  from  the  ascending  division  of  the 
external  circumflex  artery. 

Quadriceps  extensor  cruris ;  rectus  (exfernus)  femoris. — Slight  varia- 
tions in  the  tendons  of  origin  or  insertion  of  this  muscle  are  not 

unfrequent.  In  forty  specimens,  carefully  examined,  three  presented 
direct  continuity  of  the  acetabular  and  spinous  heads  of  origin.  In 
one  case,  a  small  accessory  tendinous  slip  came  from  the  anterior 
superior  spine ;  in  two  there  was  a  division  of  the  spinous  origin  of 
the  muscle  into  two  parts,  separated  by  a  thin  layer  of  areolar 
tissue. 

In  one  of  the  cases  enumerated  above,  and  in  three  others  which  I 
have  from  time  to  time  observed,  the  tendon  of  insertion  was  covered 
in  front,  by  the  overlapping  of  the  vasti  tendons,  which,  with  the 
cruraeus,  formed  a  canal,  through  which  the  former  tendon  passed  to 
the  patella. 

Vasti  muscles ;    crurceiis. — The  variations  of  these  muscles  were 
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almost  entirely  limited  to  the  size  aud.  extent  of  femoral  attachments, 
and  presented  but  little  interest.  The  vasti  I  have  sometimes  found 
bilaminar,  and  this  is,  I  think,  more  frequent  than  is  usually  sup- 

posed :  I  have  noted  five  cases  of  this  arrangement  in  the  internal,  and 
three  in  the  external  muscle ;  and  also  met  with  several  others  of 
which  I  made  no  record. 

The  sub-cruroeus  was  absent  in  three  of  the  forty  limbs  ex- 
amined. 

Adductor  longus.^-Tlas,  muscle  was  divided  into  two  lamellae  along 
its  whole  length,  in  three  cases  of  which  I  made  notes.  One  of  these 
was  among  the  forty  of  which  the  femoral  muscles  were  specially 
examined.  In  cases  recorded  by  Wood  and  by  Macalister  this  muscle 
received  a  slip  from  the  pectineus,  which  joined  the  former  by  crossing 
in  front  of  the  profunda  femoris  artery.  A  muscular  fasciculus 
passing  to  the  inner  side  of  the  vastus  internus,  by  crossing  in  front  of 

the  aponeurotic  sheath,  which  forms  the  anterior  wall  of  Hunter's  canal, was  found  in  one  case. 

Adductor  Irevis. — In  a  considerable  proportion  of  the  cases  ex- 
amined this  muscle  could,  with  considerable  ease,  be  separated  into 

two  portions,  the  line  of  division  being  marked  by  the  passage  of  a 
perforating  artery.  Clason  (TJpsala  lakaroforen  forhandl.  1872,  vn. 
599)  describes  the  muscle  as  being  separated  in  this  way  into  two 
segments — a  superior,  somewhat  transverse,  adducting  part,  and  an 
inferior  portion,  more  vertical  in  direction,  and  chiefly  concerned  in 
the  act  of  flexion. 

Adductor  magnus. — The  only  notable  variety  I  have  found  in  this 
muscle  is  the  complete  separation  of  the  segment  which  goes  to  the 
inner  condyle  of  the  femur.  This  I  have  noted  in  three  instances,  of 
which  only  one  occurred  among  the  forty  above  referred  to. 

Adductor  gracilis  {rectus  femoris  internus). — This  muscle  rarely 
presents  any  considerable  degree  of  deviation  from  the  description 
usually  given  in  our  text-books.  Tendinous  fibres  are  sometimes 
formed  about  the  junction  of  the  middle  with  the  lower  third  of  the 
thigh,  which  blend  with  the  fascia  lata,  after  a  very  short  course. 
This  I  have  noticed  in  four  instances. 

Pectineus. — The  portion  of  the  fibres  of  this  muscle  which  arise 
from  the  ilio-pectineal  eminence  occasionally  form  an  accessory  head 
of  origin  separate  from  the  rest  of  the  muscle.  This  happened  once 
among  forty  specimens  consecutively  examined,  and  I  have  also  noted 
its  occiTrrence  in  two  other  instances.  A  few  of  its  outer  fibres  I 

have  once  seen  inserted  into  the  front  of  the  hip-joint  capsule. 
Gluteus  maximus. — A  thinner  deep  lamina,  formed  by  those  fibres 

of  the  muscle  which  arose  from  the  great  sacro-sciatic  and  posterior 
sacro-iliac  ligaments,  was  separated  from  the  superficial  part  of  the 
muscle  by  a  distinct  layer  of  connective  tissue.  This  occurred  five 
times  in  forty  subjects  examined.  In  three  instances  the  origin  of  the 
muscle  reached  to  the  second  coccygeal  vertebra  only ;  in  all  the 
others  there  was  the  usual  attachment  to  the  third  piece.     An  acces- 
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sory  slip  of  origin  from  the  lumbar  aponeurosis  occurred  in  two  of 
these.     This  I  have  also  noticed  in  three  other  instances. 

Gluteus  medius. — In  five  cases  the  anterior  edge  of  this  muscle 
adhered  intimately  to  that  of  the  minimus.  A  bond  of  union  between 
the  anterior  edge  and  that  of  the  gluteus  minimus,  with  the  fascia 
lata,  is  formed  by  the  ligamentum  suspensorium  ossis  femoris  of 
Gunther  (ligamentum  suspensorium  trochanteris  of  Henle).  When 
well  developed,  this  band  is  about  seven  centimetres  in  breadth,  and 
reaches  from  the  outer  lip  of  the  iliac  crest  to  a  little  below  the 
trochanter  major. 

Gluteus  yninimus. — This  muscle  I  have  twice  seen  pierced  by  the 
gluteal  vessels  and  superior  gluteal  nerve.  In  one  of  these  the 
inferior  segment  was  adherent  to  the  pyriformis  for  the  greater  part  of 
its  length. 

Gluteus  accessorius. — A  deep  inner  lamina  of  gluteus  minimus 
passing  with  the  tendon  of  the  latter  to  its  insertion,  and  separated 
from  it  by  a  thin  layer  of  areolar  tissue.     Three  specimens  noted. 

Gluteus  quartus  ;  scansorius  ;  invertor  femoris. — This  name  has  been 
given  to  a  differentiated  anterior  segment  of  the  gluteus  minimus, 
which  stretches  forwards  and  upwards  to  the  anterior  superior  spine. 
The  specimens  of  this  anomalous  muscle  which  I  had  noted  were 
placed  on  record  last  year.  It  was  met  with  once  last  winter,  in 
which  case  the  occurrence  was  symmetrical,  the  insertion  being  on 
one  side  into  the  trochanter  major  with  that  of  gluteus  minimus,  and 
on  the  other  partly  into  the  trochanter,  and  partly  to  the  side  of  the 
vastus  externus. 

Pyriformis. — This  muscle  varies  a  good  deal  in  the  degree  of  its 
development,  but  I  have  never  met  with  a  ease  of  complete  absence, 
such  as  has  been  described  by  Budge  and  by  Macalister.  I  have  noted 
two  instances  in  which  the  sacral  digitations  were  reduced  to  two. 
Both  had  been  the  subjects  (on  the  corresponding  side)  of  chronic 
rheumatic  arthritis.  The  iliac  origin  (at  upper  border  of  great  sacro- 
sciatic  notch)  was  twice  in  forty  cases  separated  by  a  distinct 
areolar  layer  from  the  sacral  portion  of  the  muscle.  The  superior 
gluteal  nerve  perforated  the  upper  part  of  the  muscle  in  one  case.  The 
splitting  by  the  great  sciatic  nerve  occurred  three  times  in  forty  lower 
limbs  ;  once  it  was  bilateral. 

Gemellus  superior. — This  muscle  I  have  found  absent  in  a  consider- 
able number  of  instances.  Once  I  found  its  fibres  joining  the  tendon 

of  pyriformis,  instead  of  that  of  obturator  internus.  In  three  cases 
dissected  by  me  the  muscle  could  easily  be  separated  into  two  parts. 

Gemellus  inferior. — During  the  last  winter  session  I  noted  for 
the  first  time  two  instances  of  the  absence  of  this  muscle.  I  have 

several  times  found  the  muscle  easily  divisible  into  two  or  even  three 
fasciculi.  Two  cases  have  also  been  noted  in  which  connecting  fasci- 

culi passed  from  this  muscle  to  the  adjacent  margin  of  the  quadratus 
femoris. 

Obturator  internus. — Slight  variations  in  the  field  of  origin  of  this 
R.  I.  A.  i'KOC,  SER.  II.,   VOL.   III.— SCIENCE.  3  L 
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muscle  are  not  infrequent,  but  they  seldom  amount  to  marked  peculi- 
arity. The  most  remarkable  I  have  met  witli  is  an  origin  from  the 

anterior  surface  of  the  great  sacro-sciatic  ligament,  close  to  the  lesser 
sciatic  foramen.  This  I  have  seen  three  times.  In  one  case  the  ac- 

cessory slips  formed  a  fleshy  band  of  about  three-quarters  of  an  inch 
in  width,  and  about  a  line  and  a-half  in  thickness.  The  others  were 
hardly  half  so  large.  A  distinct  slip,  arising  fi-om  the  inner  surface 
of  the  ischium,  above  the  level  of  the  spine,  was  present  in  two  sub- 

jects examined,  and  the  slip  was  symmetrically  developed  in  one 
case. 

Ohturator  externiis. — This  muscle  is  very  firequently  divided  into 
two  layers  by  the  obturator  vessels  and  nerve.  This  division  occurred 
in  four  of  twenty  cases  consecutively  examined ;  the  upper  smaller 
portion  taking  origin  from  the  horizontal  ramus  of  the  pubis.  In  a 
somewhat  smaller  proportion  of  subjects  a  very  intimate  degree  of  ad- 

hesion of  the  tendon  to  the  capsule  of  the  hip-joint  was  noticeable. 
Quadratus  femoris. — Two  cases  of  absence  of  this  muscle  have  been 

already  published,  as  mentioned  under  the  head  of  gemellus  inferior. 
I  have  found  fibres  of  connexion  passing  from  the  latter  muscle  into  the 
upper  edge  of  the  quadratus.  In  three  eases  an  accessory  bundle  of 
muscular  fibres  took  their  origin  from  the  tendon  of  the  semimembra- 

nosus, and  a  similar  variety  has  been  noticed  by  Mr.  Kelly  of  this  city 
(quoted  by  Macalister).  The  lower  border  I  have  occasionally  found 
very  closely  adherent  to  adductor  magnus. 

Semi-memhranosus. — The  tendon  of  origin  was  observed  in  three 
cases  to  consist  of  two  completely  distinct  parts.  In  one  the  peculi- 

arity was  bilateral.  A  slip  of  insertion  to  the  retinaculum  ligamenti 
arcuati  has  been  noticed  by  Macalister,  and  I  believe  it  to  be  of  pretty 
frequent  occurrence,  as  I  have  observed  it  in  a  good  number  of  cases. 
A  distinct  slip  to  the  fascia  of  the  leg,  forming  a  tensor  fasciae  suralis, 
is  mentioned  by  W.  Krause.     Of  this  I  have  met  with  one  example. 

Bemi-tendinosus. — This  muscle  rarely  presents  any  notable  variety. 
The  tendinous  inscription  I  have  in  one  case  found  to  be  doubled ;  in 
a  large  number  of  cases  it  was  interrupted,  but  never  completely 
absent. 

Biceps  flexor  auris. — I  have  already  published  two  cases  of  absence 
of  the  short  head  of  this  muscle.  An  accessory  head  arising  fi'om  the 
upper  part  of  the  linea  aspera  has  also  been  recorded,  and  since  its 

publication  I  have  met  with  two  other  specimens  of  thi'ee-headed 
biceps ;  the  accessory  head  arising,  in  one  case,  from  the  upper  part 
of  linea  aspera,  and  in  the  other  from  the  internal  condyloid  ridge  of 
the  femur. 

Of  the  variations  of  the  tendon  of  insertion  I  have  noted  four 

examples  of  a  slip  to  the  outer  tuberosity  of  the  tibia.  A  tendinous 
band  of  three-quarters  of  an  inch  in  breadth,  passing  to  the  tendo 
AchilHs,  came  under  my  observation  in  one  case  :  the  subject  had  been 
a  very  muscular  one. 

Tensor  fascim  sifralis. — A  slip  from  the  biceps  to  the  fascia,  over 



Knott — On  Muscular  Anomalies.  637 

the  muscles  of  tlie  calf,  sometimes  occurs,  and  has  been  described 
under  this  name.  I  have  observed  such  a  slip  in  two  cases ;  in  one  it 
was  bilaterally  developed. 

Tibialis  anticus. — The  origin  of  this  muscle  rarely  presents  any 
considerable  variety.  I  have  twice  observed  an  accessory  bundle  of 
muscular  fibres  from  the  head  of  the  fibula.  The  insertion  is  not  so 

constant.  Of  thirty  cases  examined,  two  sent  each  a  slip  to  the  liga- 
mentum  cruciatum ;  in  two  others  a  slip  was  sent  to  the  inner  side  of 
the  head  of  the  first  metatarsal  bone  :  one  was  found  to  send  a  process 
to  the  base  of  the  first  phalanx  of  the  great  toe.  The  slip  to  the  liga- 
mentum  cruciatum  is  present,  according  to  Professor  W.  Krause,  in  six 
per  cent,  of  the  cases  examined. 

Tihio-fascialis  anticus  (Wood) ;  tibialis  anticus  accessorius  (s.  pro- 
ftmdus)  ;  tensor  fasciae  dor  sails  pedis  (W.  Krause). — Of  this  muscular 
slip  I  have  met  with  two  examples  in  forty  cases  consecutively  noted. 
It  was  in  each  case  united  to  the  tibialis  anticus  at  its  origin,  and  the 
insertion  was  partly  into  the  annular  ligament  and  partly  into  the 
deep  fascia  on  the  dorsum  of  the  foot. 

Extensor  proprius  Jiallucis. — The  only  variety  of  this  muscle  which 
I  have  noted  was  a  slip  from  its  tendon  to  the  innermost  tendon  of  the 
extensor  brevis  digitorum.     This  I  have  observed  in  four  instances. 

Extensor  digitorum  longus. — The  tendons  of  this  muscle  were 
specially  examined  in  thirty  cases.  Two  of  these  presented  a  slip  to 
the  innermost  tendon  of  extensor  brevis  digitorum,  which  proceeded 
with  it  to  the  base  of  first  phalanx  of  great  toe.  Two  others  sent  slips 
to  base  of  first  phalanx  of  second  toe.  In  one  case  a  well-marked  slip 
passed  from  the  outermost  tendon  to  the  dorsum  of  the  fifth  metatarsal 
bone  about  its  middle.  Two  sent  slips  to  the  base  of  this  bone.  In 
another  case  two  slips  were  sent  from  the  third  and  fourth  tendons  to 
the  bases  of  the  fourth  and  fifth  metatarsal  bones  respectively. 

Extensor  Jiallucis  longus  accessorius  (s.  minor) ;  extensor  primi  inter- 
nodii  hallucis. — This  muscle  is  of  very  frequent  occurrence,  so  that  it 
is  regarded  by  some  observers  as  a  normal  structure.  It  was  found 
by  Professor  Wood  in  nearly  half  the  subjects  which  he  examined, 
and  other  observers  have  recorded  a  proportional  frequency  of  as  much 
as  eighty  per  cent.  I  have  found  a  muscular  slip,  more  or  less  com- 

pletely continous  at  its  origin  with  the  lower  part  of  the  extensor 
proprius  pollicis,  and  proceeding  to  the  base  of  the  first  metatarsal 

bone — in  sixteen  cases  of  forty  in  which  it  was  specially  searched  for. 
In  four  cases  a  slip  having  the  same  insertion  came  from  the  tendon  of 
proprius  pollicis,  and  in  one  from  the  innermost  tendon  of  longus 
digitorum. 

Feronceus  longus. — This  muscle  I  have  found  inseparably  adherent  to 
the  brevis  in  three  instances.  In  two  cases  I  observed  a  tendinous  slip 
to  the  base  of  the  fifth  metatarsal  bone,  to  which  it  adhered,  even  below 
aud  behind  the  tendon  of  insertion  of  the  peronseus  brevis.  In  another 
case  a  slip  passed  forward  to  the  under  surface  of  the  head  of  the  first 
metatarsal  bone.    Expansions  from  the  tendon  to  the  bases  of  the  third 
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and  fourth  metatarsal  bones  were  also  noted  (one  example  of  each). 
These  anomalies  were  all  furnished  by  a  series  of  forty  cases  specially 
examined.  Some  other  similar  rariations  I  have  also  from  time  to 

time  noted,  without  making  any  record  of  their  relative  proportion. 
Peronceus  accessorius. — This  name  has  been  given  to  an  accessory 

origin  of  the  peronseus  longus.  I  have  met  with  two  well-marked 
examples,  each  in  the  form  of  a  muscular  sHp,  about  two  and  a-half 
inches  in  length,  and  a  line  and  a-half  in  thickness,  arising  about  the 
middle  of  the  fibula  between  the  long  and  short  peronsei. 

PeroncBus  Irevis.  — lu  the  origin  of  this  muscle  I  have  noted 
no  marked  peculiarity  except  that  of  origin,  as  mentioned  under  the 
head  of  peronaeus  longus.  In  a  good  many  cases  a  tendious  prolonga- 

tion was  given  to  the  origin  of  the  short  flexor  of  the  little  toe.  A 
slip  to  the  extensor  tendon  of  the  little  toe  was  present  six  times  in 
forty.  In  each  case  it  arose  either  opposite  to  the  external  malleolus 
or  immediately  in  front  of  it.  A  slip  of  corresponding  origin  was  in 
one  case  united  with  the  tendon  of  the  fourth  dorsal  interosseous  muscle, 
and  in  another  was  found  to  be  inserted  into  the  dorsum  of  the  fiith 
metatarsal  bone  about  its  middle. 

Peronceus  quartus. — Of  this  muscle  I  have  already  recorded  the  oc- 
currence of  two  specimens.  I  have  since  met  with  a  third,  having 

similar  attachments  to  the  others,  but  larger.  In  this  case  it  pre- 
sented the  additional  peculiarity  of  sending  a  second  tendon  to  the 

outer  surface  of  the  os  calcis  behind  the  insertion  of  the  other.  An 

analogous  structure  has  been  described  by  Professor  W.  Krause. 
Pero7iceus  quintus. — Having  a  similar  origin  to  that  of  the  muscle 

last  described,  and  joining  the  tendon  of  extensor  digitcrum  longus  for 
little  toe.     One  specimen  came  under  my  notice  last  session. 

Extensor  Irevis  digitorum. — Twice  in  forty  cases  I  found  this  muscle 
give  a  delicate  tendon  to  the  little  toe,  joining  the  expansion  of  the 
common  extensor.  In  one  of  these  the  tendon  to  the  great  toe  was 
absent,  and  I  have  noted  this  peculiarity  in  several  other  instances.  In 
two  cases  a  small  slip  was  sent  to  the  tendon  of  the  fourth  dorsal 
interosseous  muscle  :  one  to  that  of  the  third,  and  one  to  that  of 

the  first,  have  also  been  noted — a  single  example  of  each. 
Indicator  pedis. — An  independent  muscular  band,  arising  from  the 

dorsal  surfaces  of  the  astragalus  and  scaphoid  bones  ;  and  inserted  into 
the  extensor  tendon  for  second  toe.     This  I  have  twice  met  with. 

Gastrocnemius. — Accessory  fibres  of  origin  of  this  muscle  from  the 
external  lateral  ligament  of  the  knee-joint  have  been  already  re- 

corded (five  examples). 
Gastrocnemius  tertiiis. — This  accessory  third  head  of  gastrocnemius 

has  come  twice  under  my  notice  during  last  session.  One  arose  from  the 
tendon  of  the  biceps  f  emoris  ;  the  second  from  the  inner  division  of  the 
linea  aspera,  two  inches  above  the  knee-joint.  Two  other  instances, 
each  from  the  planum  popliteum,  have  been  already  published. 

Plantaris. — This  muscle  was  absent  three  times  in  forty  subjects 
examined.     The  average  frequency  of  the  deficiency  is  ten  per  cent. 
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according  to  Krause.  In  one  case  I  found  this  muscle  arise  from  the 
back  of  the  head  of  the  fibula.  An  accessory  head  from  the  ligament 
of  Winslow  I  have  found  in  a  considerable  proportion  of  cases,  and 
one  from  the  planum  popliteum  of  femur  has  been  noticed  in  another 
instance.  The  latter  was  of  considerable  size  (about  one-third  that  of 
the  normal  head  of  origin). 

Plantaris  minor  (Krause) ;  popliteus  superior  s.  minor  (Calori.) — 

"When  the  accessory  head  of  the  plantaris  is  completely  separate,  these distinctive  names  have  been  applied  to  it. 
Soleus. — The  soleal  lamina  of  the  tendo  Achillis  I  once  found  quite 

distinct  down  to  its  insertion.  A  bi-laminar  fibular  head  was  noted 
in  three  instances,  the  lower  lamina  being  the  smaller  in  each  case. 

Tensor  fascice plantaris. — A  muscular  lamina  of  about  three-quarters 
of  an  inch  in  breadth,  arising  from  the  linea  poplitea  of  the  tibia  below 
the  soleal  attachment,  and  passing  down,  superficial  to  the  inner  annular 
ligament,  to  be  inserted  into  the  plantar  fascia.  Of  this  muscle  I  met 
with  one  example.  In  another  subject  a  muscle  of  similar  origin  was 
inserted  into  the  ligamentum  lanciniatum. 

Poplitceus. — In  one  case  I  found  a  small  sesamoid  bone  in  the  ten- 
don of  the  poplitaeuSj  and  its  development  was  bilateral.  A  double 

muscle  once. 

Poplitceus  minor.  — An  accessory  bundle  of  fibres  arising  from 
the  outer  tendon  of  the  gastrocnemius.  Pound  present  on  two 
occasions. 

Flexor  digitorum  longus. — The  astonishing  irregularity  of  the  ar- 
rangement of  the  tendons  of  this  muscle,  and  of  its  connexion  with  other 

tendons,  has  been  conclusively  shown  by  Professor  Turner ;  also  by 
the  tabulated  observations  of  F.  E.  Schultze,  Wood,  &c.  As  my  own 
observations  closely  agree  with  those  of  the  distinguished  anatomists 
whom  I  have  named,  I  did  not  tabulate  them. 

Flexor  digitoruyn  longus  accessorius . — One  example  of  this  muscle  I 
found  arising  between  the  lower  part  of  the  usual  flexor  and  the  tibialis 
posticus,  and,  passing  into  the  sole  of  the  foot,  divided  into  two  slips, 
which  joined  the  tendons  of  second  and  third  toes.  In  another  case  it 
assumed  the  form  of  a 

Flexor  digiti  secundi  proprius. 
Flexor  digiti  minimi  accessorius. — A  muscular  slip  arising  from  the 

under  surface  of  the  tendon  of  the  common  flexor  before  its  division, 
and  going  to  the  little  toe.  Its  tendon  is  pierced  in  the  thecal  sheath 
by  the  corresponding  tendon  of  the  flexor  brevis  digitorum. 

Tibialis  posticus. — This  muscle  I  have  seldom  found  to  present 
variations  of  striking  interest.  The  tendon  of  insertion  I  have  noticed 
in  three  instances  to  send  a  well-marked  slip  to  the  inner  tendon  of  the 
flexor  brevis  digitorum.  An  insertion  into  the  cuboid  bone  has  been 
described  as  an  anomaly,  but  this  will  be  found  to  be  present  in  the 
majority  of  cases,  if  searched  for  with  sufficient  care. 

Flexor  hallucis  longus. — The  origin  of  this  muscle  I  have  found 
very  constant.     The  slip  given  from  the  tendon  of  this  muscle  to  that 
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of  the  flexor  digitorum  longus  I  have  found  absent  in  two  instances. 
Thrice  I  have  noted  the  presence  of  a  tendinous  slip  to  the  second  toe, 
which  was  pierced  (within  the  thecal  sheath)  by  the  corresponding 
tendon  of  the  flexor  longus  digitorum.  In  a  considerable  proportion 
of  cases  (twenty-two  per  cent.,  according  to  Krause)  one  or  more  slips 
may  be  traced  to  the  tendons  of  the  lumbricales. 

Tibialis  secimdiis  (Bahnsen)  ;  tensor  capsulce.  tihiotarsalis ;  tensor 
memlrance  synovialis  tarsi. — This  anomalous  muscle  I  have  found  pre- 

sent in  two  cases  only.  The  degree  of  development  was  very  different 
in  the  two.  Arising  in  either  instance  from  the  posterior  surface  of 
the  tibia  below  the  tibialis  posticus,  the  insertion  in  one  case  was 
into  the  ligamentum  lanciniatum;  in  the  other,  into  the  posterior  sur- 

face of  the  capsule  of  the  ankle-joint. 
Accessorius  ad  calcaneiim. — This  muscular  slip  has  an  origin  similar 

to  that  of  the  muscle  last  described.  The  insertion  in  one  specimen 
which  I  examined  was  into  the  posterior  part  of  inner  surface  of 
calcaneum. 

Pronator  pedis. — One  example  of  this  muscle  has  been  already 
published.     I  have  not  met  with  any  other. 

Inter osseii^edis. — Of  the  varieties  of  the  plantar  set,  I  have  noted  the 
following  : — Four  present  in  one  instance,  the  additional  one  arising 
from  the  outer  side  of  the  great  toe,  and  inserted  into  the  corresponding 
side  of  the  base  of  its  first  phalanx  ;  the  first  plantar  having  an  acces- 

sory head  from  the  second  metatarsal  bone,  and  a  perforating  artery 
passing  between  the  two  heads  ;  the  outer  plantar  having  an  acces- 

sory head  from  the  sheath  of  the  canal  for  the  peroufeus  longus. 
Of  the  dorsal  set,  I  have  found  the  fourth  arising  by  a  single  head 

in  one  instance  ;  the  only  other  peculiarities  I  have  seen  were  of  size 
and  extent  of  osseous  attachment,  of  which  a  great  variety  exists. 

Abductor  hallucis. — In  three  cases  I  have  found  a  small  tendinous 
slip  going  to  the  second  toe,  and  attached  to  the  inner  side  of  the  base 

of  its  first  phalanx.  The  fi'equency  of  the  presence  of  this  additional 
band  is  nine  per  cent.,  according  to  Krause.  I  once  saw  a  large  slip 
go  to  the  tendon  of  the  flexor  hallucis  longus,  with  which  it  became 
intimately  blended. 

Flexor  digitorum  brevis. — The  tendon  for  little  toe  was  absent  three 
times  in  thirty  cases,  in  which  this  muscle  was  specially  examined. 
Krause  makes  the  frequency  of  its  absence  as  much  as  fifteen  per 
cent.,  and  I  have  myself  seen  it  in  many  other  cases  without  making 
special  note  of  the  proportional  frequency.  In  one  instance  a  kind  of 
substitute  was  present,  formed  by  a  tendon  coming  independently 
from  a  fleshy  bundle,  which  was  segmented  from  the  lower  part  of 
the  flexor  longus  digitorum. 

Abductor  minimi  digiti. — An  accessory  head  of  origin  to  this 
muscle  from  the  base  of  the  fifth  metatarsal  bone  I  have  twice  met 

with.  The  tendon  of  insertion  may  be  completely  separate  from 
that  of  the  flexor  brevis  minimi  digiti  :  this  I  have  found  in  a  good 
many  cases.     A  tendinous  slip  to  the  base  of  the  fifth  metatarsal  bone 
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is  present  in  about  sixty  per  cent,  of  the  subjects  examined  by  me. 

"W.  Krause  regards  its  occurrence  as  normal ;  the  frequency  of  its 
absence,  which  varies  from  twenty-five  to  fifty  per  cent.,  being  greater 
in  the  female.  When  this  accessory  slip  has  a  distinct  origin  from  the 
calcaneum,  it  forms  an — 

Abductor  ossis  metatarsi  minimi  cligiti. — This  muscle  I  have  found, 
distinct  enough  to  merit  a  separate  description,  three  times  in  forty 
cases.  I  have  also  noted  its  occurrence  in  a  good  many  other  in- 
stances. 

Flexor  digitorum  accessorius ;  quadratus  plantm.  Massa  cornea 
iTacoii  Sylvii. — In  four  cases  I  have  noted  fibres  of  insertion  going  to 
the  tendon  of  the  flexor  hallucis  longus.  In  two  of  these,  fibres  were 
also  attached  to  the  connecting  slip  given  by  the  tendon  of  the  flexor 
hallucis  to  that  of  the  brevis  digitorum.  The  origin  I  have,  in  several 
cases,  found  to  reach  to  the  upper  .surface  of  the  os  calcis,  and  once  I 
found  some  fibres  arising  from  the  anterior  surface  of  tendo  Achillis. 

Lumbricales. — The  only  noteworthy  peculiarity  of  this  muscle 
which  I  have  met  with  are  the  variations  in  number,  which  are  not 
infrequent.  The  first  (internal)  muscle  is  that  which  I  oftenest 
missed.  I  have  noted  its  absence  six  times,  but  without  taking  any 
account  of  the  relative  frequency  of  the  occurrence.  I  do  not  remem- 

ber having  observed  absence  of  the  third  or  fourth. 

Adductor  poUicis. — A  slip  to  the  base  of  the  first  phalanx  of  great 
toe  I  have  twice  noticed.  It  came,  in  each  case,  from  the  inner  por- 

tion of  the  muscle  {caput  olliquum),  and  was  of  considerable  size. 
Professor  Krause  describes,  as  a  normal  arrangement,  the  adhesion  of 
the  transversus  pedis  to  this  muscle,  giving  to  the  portion  formed  by 
the  latter  muscle  the  name  of  caput  transversum. 

Opponens  hallucis. — A  fleshy  segment  sometimes  separates  itself 
from  the  inner  part  of  the  adductor  poUicis,  and  is  inserted  into  the 
outer  border  of  the  os  metatarsi  halhicis.  Some  anatomists  have 

erroneously  regarded  this  slip  as  the  homologue  of  the  opponens 
hallucis. 

Transversus  pedis  ;  transversalis  pedis  ;  transversus  (s.  transversalis) 
plantce  ;  adductor  transversus  hallucis  ;  alducteur  transverse. — The 
attachment  of  this  muscle  to  the  heads  of  the  third  and  fourth  meta- 

tarsal bones  I  have  frequently  found  absent  (five  times  in  thirty-four 
cases).  The  whole  muscle  was  absent  in  another  of  the  number,  and 
I  have  noted  three  other  instances  of  its  deficiency. 
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LXXXYII. — Repoet  on  a  Jotjeney  among  the  New  Zealand  Glaciers 
IN  1882.     By  Eey.  W.  S.  Green,  M.A.     (With  Plate  XVIII.) 

[Eead,  June  26,  1882.] 

The  whole  of  New  Zealand  consists  of  a  line  of  iipheaved  stratified 
rocks,  modified  in  the  northern  portion  by  recent  volcanic  activity,  and 
in  one  or  two  other  places  showing  traces  of  more  ancient  vulcanicity. 
The  axis  of  elevation  runs  from  S.W.  to  N.  E.,  and  is  cut  across  into 

the  ISTorth  Island,  South  Island,  and  Stewart's  Island,  by  Cook's  and 
Foveaux'  Straits.  In  the  South  Island  the  mountains  attain  to  their 
greatest  elevation,  and  for  over  one  hundred  miles  the  Southern  Alps, 
as  they  were  named  by  Captain  Cook,  raise  their  peaks  far  above  the 
snow  line,  in  no  place  for  the  whole  of  that  distance  descending  to  a 
col  or  pass  free  from  eternal  snow  and  ice.  Immense  glaciers  fill  the 
valleys,  and  the  remains  of  still  more  gigantic  glaciers  are  everywhere 
to  be  met  with. 

This  chain,  with  its  continuation  north  and  south,  seems  to  have 
been  upheaved  in  Jurassic  times,  and  though  it  has  experienced  many 
vicissitudes  of  upheaval  and  depression  it  has  never  since,  according  to 
Professor  Hutton,  been  submerged.  These  mountains  are  then  of  vastly 
greater  antiquity  than  their  European  rivals,  and  their  long  exposure 
to  the  frosts  and  storms  of  ages  is  abundantly  evidenced  by  the  heaps 
of  loose  splintered  stones  to  which  all  except  the  higher  peaks  have 
been  reduced. 

The  mountains  lie  close  to  the  west  coast;  their  western  flanks 

possess  a  humid  climate  (the  rain-fall  at  Hokitika  being  measured  at 
118  inches),  and  are  clothed  with  forest  and  impenetrable  scrub. 
The  western  glaciers  in  some  places  descend  to  within  670  feet  of 
the  sea,  and  the  rivers  are  short  and  swift.  This  low  descent  of 
the  glaciers  and  the  mean  line  of  perpetual  snow  being  at  about 
5000  feet  compared  with  8000  in  Switzerland,  where  also  no  glacier 
descends  to  within  4000  feet  of  the  sea,  is  particularly  instructive, 
when  we  consider  that  these  Southern  Alps  are  at  about  the  same 
distance  from  the  Equator  as  the  Pyrenees  and  the  city  of  Florence. 
To  the  east  of  the  mountains  the  land  drops  suddenly  to  a  level 
of  about  2000  feet  above  the  sea,  and  then  by  gentle  slopes  and 

immense  flat  bare  plains  sinks  gradually  to  the  coast.  The  con- 
tinuity of  the  plains  is  broken  by  ridges  of  low  rounded  hills,  which 

on  close  examination  often  prove  to  be  old  moraine  accumulations; 
while  many  of  the  plains  are  the  basins  of  ancient  lakes,  the  old 
shores  being  very  sharply  defined.  In  the  southern  and  northern 
portions  of  the  South  Island  the  arrangement  of  mountains  and  plains 
is  considerably  modified  by  the  splitting  up  and  bifurcation  of  the 
main  axis  of  elevation,  but  flat  plains  extending  to  the  very  foot  of 
the  highest  peaks  of  the  main  chain  are  most  characteristic  of  New 
Zealand,  and  totally  unlike  other  mountainous  countries,  where  ranges 
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of  foot-hills  have  to  be  ascended  and  upland  valleys  traversed  before 
the  higher  ranges  can  be  reached.  In  the  province  of  Canterbury, 
where  the  moiintains  attain  their  greatest  height  in  Mount  Cook  or 
Ao-Eangi,  as  it  is  called  in  the  Maori  tongue,  these  features  are  most 
distinctly  observable,  the  Canterbury  plains  followed  by  the  Mac- 

kenzie plains  extending  up  to  the  very  ice,  and  so  flat  that  Dr.  Haast 
said  he  would  undertake  to  drive  a  buggy  the  whole  way  from  Christ- 
church  to  the  foot  of  the  Tasman  glaciers.  We  tried  it  with  an 
express  waggon  and  three  horses,  and  nearly  accomplished  it.  The 
country  was  level  enough,  but  the  boulders  as  we  drew  near  to  the 
glaciers  proved  a  little  too  much  for  a  wheeled  vehicle,  and  our  waggon 
ended  its  days  by  being  capsized  in  the  Tasman  river. 

These  New  Zealand  rivers  have  been  a  source  of  much  difficulty 
to  colonial  development.  They  are  so  swift  and  erratic  in  their  courses 
that  fords  are  dangerous  and  bridges  difficult  to  construct.  Once  the 
rivers  leave  the  mountains  there  is  nothing  to  keep  them  to  one  chan- 

nel, as  the  plains,  being  composed  of  loose  boulders  and  sand,  are  easily 
eaten  away  by  the  swift  streams  swelled  in  summer  by  the  melting  of 
the  snow.  A  river  bed  is  therefore  a  broad  sheet  of  gravel  through 
which  a  number  of  small  streams  wander  and  change  day  by  day — 
what  was  a  main  channel  one  day  being  quite  a  secondary  stream  in 
the  lapse  of  a  week  or  so.  Much  time  was  often  spent  in  crossing  one 
river  with  the  delays  of  searching  for  fords ;  but  now  that  railways 
run  north  and  south  the  problem  has  been  solved  on  the  most  important 
route  by  bridges,  some  nearly  a  mile  in  length.  In  the  province  of 
Otago  rich  woods  extend  right  across  the  island  to  the  east  coast, 
giving  place  in  many  districts,  however,  to  immense  plains  covered 
with  tussock  grass  and  Spaniard  or  sword  grass,  except  where  the 
farmer  has  come  and  adorned  the  landscape  with  waving  fields  of 
wheat.  Farther  north  the  great  snowy  chain  seems  to  form  a  com- 

plete barrier  to  the  moisture  and  vegetation  of  the  west:  the  plains, 
hills,  and  valleys  are  all  bare,  as  if  shaven,  and  of  the  one  uniform 
brownish-yellow  hue.  Clumps  of  flax  [Phormium  tenax)  and  isolated 
cabbage  trees  {Cordyline  australis)  make  the  desolation  appear  more 
desolate.  The  rain-fall  is  but  25  inches.  The  air  is  clear,  bright, 
and  exhilarating,  and  when  we  do  penetrate  into  the  furthest  recesses 
of  the  mountains,  to  the  very  brink  of  the  glaciers,  we  at  last  come  to 
a  rank  vegetation  brought  into  existence  by  the  rains  condensed  by 
the  cold  ice  peaks.  Acclimatization  has  produced  wonderful  results 
in  New  Zealand.  On  the  great  grassy  plains,  where  the  moa  once 
stalked  majestically,  the  skylark  is  now  the  commonest  of  birds,  the 
sparrow  threatens  to  become  a  plague,  as  the  rabbit  has  done,  and 
English  weeds  seem  determined  to  establish  themselves  and  attain  to 

a  fertility  unexampled  at  home.  Clouds  of  thistle-down  fill  the  air, 
and  sorrel  usurps  the  ground  prepared  for  oats  and  wheat.  Amongst 
other  interesting  points  brought  out  by  this  invasion  of  the  vegetable 
kingdom,  one  at  least  is  worthy  of  special  notice — the  failure  of  red 
clover,  while  white  clover  thrives  amazingly.     In  the  neighbouring 
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island  of  Tasmania  red  clover  grows  well,  and  it  is  now  believed  that 
till  the  humble  bee  is  introduced  to  fertilize  the  flowers  red  clover 
will  not  propagate  itself  in  New  Zealand. 

On  the  12th  of  last  November  I  sailed  from  Plymouth  for  Mel- 
bourne in  the  Orient  steamer  "  Garonne,"  having  arranged  with 

Ulrich  Kaufmann  and  Emil  Boss,  both  of  Grindelwald,  to  follow 
me  in  the  next  ship.  Unfortunately  smallpox  broke  out  in  my  ship, 
and  between  a  delay  at  the  Cape  and  quarantine  at  Melbourne  I 
was  not  able  to  reach  New  Zealand  and  join  my  men  till  February 
oth.  Immediately  on  landing  I  received  a  kincl  telegram  from  Dr. 
Hector,  and  a  letter  from  the  Minister  for  Railways  enclosing  free 
passes  on  the  New  Zealand  railways  for  myself  and  guides  during  our 
stay  in  the  Colony.  I  lost  no  time  in  reaching  Christchurch,  where 

I  spent  an  afternoon  in  Dr.  Haast's  company,  he  being  the  great 
authority  on  the  topography  of  the  Southern  Alps;  and  next  morning 
we  started  in  the  train  for  the  south.  On  arriving  at  Timaru  we  had 
a  delay  of  three  hours  before  the  train  left  by  a  branch  line  for  Albury, 
and  we  occupied  the  time  in  purchasing  provisions  for  our  mountain 
journey.  As  we  were  assured  that  we  could  get  sheep  right  up  to 
the  snows  of  Mount  Cook,  we  took  with  us  but  a  small  supply  of 
meat  in  tins.  Flour,  meal,  bread,  and  biscuits,  formed  the  bulk  of 
our  stores. 

On  reaching  Albury  by  rail  we  hired  a  waggon  and  horses,  and  on 
the  evening  of  the  next  day  we  got  our  first  view  of  the  great  snowy 
range.  The  contrast  between  the  brown,  flattened  downs  over  which 
we  drove  and  the  purple,  ice-seamed  peaks  was  most  striking.  Next 
morning  we  were  up  betimes,  as  we  did  not  know  how  long  our  jour- 

ney might  be,  and  our  driver  was  unacquainted  with  the  country 
beyond  this  point.  Our  road  soon  lost  itself  in  the  rolling  downs,  so 
we  walked  on  in  advance  pioneering  the  way,  and  thus  before  midday 
we  reached  the  last  swell  overlooking  the  Tasman  river.  We  had 
now  to  descend  about  200  feet,  and  again  came  upon  the  track  leading 
up  the  river  bed.  This  river  bed  of  the  Tasman,  over  two  miles  wide, 
is  a  broad  sheet  of  coarse  gravel,  through  which  the  river  meanders 
in  countless  channels,  between  which  are  often  dangerous  quicksands. 

"We  drove  along  over  marshy  flats,  on  which  numerous  seagulls  had their  nests  (one  of  the  young  seagulls  we  afterwards  met  high  up 
on  the  glacier,  winging  its  flight  over  the  snowy  range  to  the  west 
coast),  then  across  river  channels,  and  then  over  wide  tracts  of  gravel. 
Right  before  us,  rising  abruptly  from  the  river  bed,  in  the  point  where 
the  valley  forked,  was  the  great  mass  of  Mount  Cook,  its  icy  peak  glit- 

tering like  a  pinnacle  of  frosted  silver  against  the  deep  blue  sky.  On 
either  side  the  mountains  rose  from  the  flat  valley  with  the  same 
abruptness,  and  the  terminal  face  of  the  Hooker  and  Tasman  glaciers 
closed  in  the  end  of  the  two  branches  into  which  the  valley  divided  to 
the  right  and  left  of  Mount  Cook.  This  flat  river  bed,  with  the  moun- 

tains rising  from  it  abruptly,  and  from  margins  as  sharply  defined  as 
the  shores  of  a  lake,  is  so  typical  of  all  the   mountain  valleys  we 
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saw,  that  we  may  ask,  "What  is  the  cause  of  a  feature  so  distinctive  ? I  believe  the  low  level  to  which  the  glaciers  descend,  and  the  con- 
sequent short  incline  of  the  rivers,  is  a  sufficient  cause.  The  terminal 

face  of  the  Tasman  glacier  is,  according  to  Dr.  Haast,  only  2456  feet 
above  the  sea;  while  the  mean  of  four  observations,  taken  in  as  many 
days  by  myself,  makes  it  100  feet  lower ;  and  its  river  descends  to  the 
sea  level  by  a  fairly  uniform  incline  of  about  25  feet  to  the  mile.  If 
the  river  had  a  greater  depth  to  descend  before  reaching  the  level 
country  or  sea  level,  it  would  erode  a  deep  ravine- shaped  bed,  like 
those  so  common  in  the  European  Alps.  High  up  on  the  mountain 
slopes,  on  the  side  of  the  valley  opposite  to  where  we  travelled,  were 
the  most  remarkable  series  of  terrace  formations  I  ever  saw,  their 
level  being  quite  500  or  600  feet  above  the  present  river,  and  their 
edges  sharply  defined.  Dr.  Haast  considers  that  they  form  part  of  the 
margin  of  an  ancient  lake,  which  was  dammed  up  by  a  glacier  cross- 

ing the  valley  lower  down  during  the  last  great  glacier  period. 
Accepting,  in  part,  this  interpretation  of  the  phenomena,  several 

interesting  questions  follow,  which  we  shall  try  to  answer :  What  river 

or'rivers  fed  this  lake  ?  Was  it  the  Tasman  ?  The  present  source  of the  Tasman  being  about  200  feet  lower  than  the  terraces,  would  be 
below  the  level  of  the  ancient  lake,  so  that  it  could  not  have  been 

the  feeder,  unless  the  lake  existed  in  an  inter-glacier  period,  when  the 
climate  was  milder,  the  ice-cap  smaller  than  at  present,  and  the  source 
of  the  Tasman  higher  up  the  valley.  Supposing  it  was  not  filled  by 
the  Tasman  river,  it  seems  to  follow  that,  at  the  time  of  the  existence 
of  the  lake,  the  great  trunk  glacier  formed  by  the  junction  of  the  Hooker 
and  Tasman  glaciers  must  have  filled  up  the  centre  of  the  valley,  and 
extending  far  away  down  beyond  the  terraces,  formed  the  dam  which 
banked  up  the  drainage  of  the  hills  above  the  terraces,  and  thus  formed 
a  lake  similar  to  the  Merjelen-see  in  Switzerland.  At  the  same  time 
the  main  drainage  of  the  great  glacier  passed  along  at  a  lower  level, 
and  issued  from  its  ice  cave  miles  lower  down,  as  the  stream  of  the 
great  Aletsch  does  at  the  present  day. 

That  the  Tasman  glacier  has  been  down  the  present  valley  at 
almost  its  present  level,  past  the  foot  of  the  slopes  on  which  the 
terraces  occur,  is  proved  by  the  existence  of  several  little  mounds  of 
old  terminal  moraine  which  the  river  has  failed  to  remove ;  and  until 
the  structure  of  these  terraces  is  more  closely  examined  it  is  quite  pos- 

sible to  suppose  that  they  may  have  been  formed  by  the  direct  action 
of  the  glacier  banking  up  the  debris  that  fell  from  the  mountain  sides. 

The  heat  as  we  journeyed  up  the  river  bed  was  intense ;  dark 
masses  of  rain-clouds  blocked  up  the  Hooker  valley,  while  the  Tasman 
remained  clear,  except  for  a  passing  shower.  Along  the  course  of  the 
river  small  whirlwinds  followed  each  other  at  regular  intervals,  making 
themselves  visible  by  the  cloud  of  fine  sand  which  they  whirled  up- 

wards to  a  height  of  from  50  to  100  feet. 
At  three  p.m.,  on  February  12th,  we  commenced  to  ford  the 

Tasman,  and  at  6 '30  we  reached  its  further  shore.     Halting  for  the 
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night  at  Birch  Hill  sheep  station,  we  started  early  next  morning, 
and  were  camped  at  the  foot  of  the  Tasman  glacier  by  mid-day. 

Early  on  the  loth  we  started  from  the  camp,  taking  with  us  some 
slight  poles  for  observations  on  the  motion  of  the  glaciers,  my  photogra- 

phic apparatus,  our  ice  axes,  and  provisions  for  the  day.  Crossing  a  rude 

bridge  which  we  had  constructed,  an  hour's  smart  walking  over  grass- 
covered  flats  brought  us  to  the  terminal  moraine,  which  rises  up  here  in 
grassy  knolls  to  a  height  of  200  feet,  and,  assuming  a  more  recent  appear- 

ance to  the  eastward,  extends  right  across  the  valley,  a  distance  of  about 
two  miles  in  a  straight  line.  Kowhere  is  ice  visible  except  near  the  far- 

ther shore  where  the  river  breaks  forth.  The  truncated  form  of  this  ter- 
mination of  the  glacier  shows,  I  think,  that  it  cannot  be  retreating  very 

rapidly,  if  it  is  retreating  at  all,  as  the  absence  of  any  heaps  of  terminal 
moraine  on  the  flat  plains  near  to  its  face  proves  that  the  river  outlet 
must  have  changed  many  times  along  the  present  terminal  face  to  have 
so  completely  swept  the  valley  of  all  outliers,  except  one  small  heap 
which  has  been  protected  by  boulders  of  unusual  dimensions.  It 
may  be  stationary,  but  from  consideration  of  the  appearance  of  the 
terminal  face,  and  from  observations  on  the  relations  of  the  present 
lateral  moraine  to  more  ancient  ones,  to  which  I  shall  allude  further 
on,  I  would  conclude  that  the  glacier  is  at  present  advancing ;  or  if 
it  is  not  doing  so  at  the  present  moment,  it  has  done  so  since  its  last 
retreat,  as  there  is  good  evidence  to  prove  that  at  a  period  not  very 
remote  the  glacier  was  smaller  than  it  now  is. 

We  ascended  the  outer  line  of  grass-covered  moraine,  and  passing 
a  little  blue  lake  lying  in  a  deep  hollow,  in  which  we  discovered  nu- 

merous small  fish  about  four  inches  long,  we  ascended  heaps  of  newer 
moraine  composed  of  immense,  loose,  angular  boulders,  and  finding  our 
progress  over  it  most  fatiguing  and  slow,  we  turned  off  to  the  left  in 
hopes  that  the  lateral  moraine  might  prove  more  practicable ;  but  find- 

ing it  just  as  bad,  and  no  level  ice  being  in  sight,  we  descended  to  the 
hollow  between  the  lateral  moraine  and  the  mountain  side.  Here  we 

were  entangled  in  almost  impenetrable  scrub  composed  of  wild  Irish- 
man {Biscaria  toumatoo)  and  sword-grass  {^Aciphylla  colensoi),  which 

cut  us  cruelly.  Occasionally  we  got  a  more  open  bit  for  a  change, 
but  nowhere  could  we  feel  ourselves  safe  from  the  chance  of  a  broken 

leg  or  sprained  ankle.  After  five  hours  of  this  sort  of  thing  we  again 
surmounted  the  lateral  moraine,  and,  striking  right  across  the  glacier, 
in  one  hour  reached  the  white  ice.  The  cool  air  off  the  ice  was  most 
refreshing  after  toiling  over  the  heated  boulders  under  bright  sunshine 
and  sheltered  from  any  wind,  so  we  walked  briskly  ahead  until  two 

o'clock,  when  we  reached  a  point  from  which  we  had  a  splendid  view 
of  the  great  cliffs  of  Mount  Cook,  and  the  grand  amphitheatre  of  peaks 
which  swept  round  from  left  to  right.  This  view  I  consider  quite 
equal,  if  not  superior,  to  anything  in  Switzerland,  and  the  glacier 
beneath  our  feet  had  an  area  half  as  gi'eat  again  as  that  of  the  Great 
Aletsch,  the  largest  glacier  of  the  European  Alps.  Tributary  glaciers 
poured  in  with  graceful  curves  from  the  mountain  sides,  and  long  lines 
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of  moraine  from  thirty  distinct  ice-streams,  which  were  in  sight  from 
this  point,  brought  their  tale  of  boulders  to  add  to  the  great  rampart 
which  had  given  us  such  trouble  to  surmount.  We  scanned  the  great 
ice  ridges  of  Mount  Cook  with  anxious  eyes  ;  all  its  approaches  seemed 
most  difficult ;  the  only  point  which  was  quite  clear  was,  that  our 
present  camp  would  not  do,  and  that  in  spite  of  the  roughness  of  the 
road  we  must  shift  it  up  to  where  we  now  were.  As  it  was  getting 
well  on  for  three  p.m.  we  decided  we  could  at  present  go  no  further,  so, 
selecting  a  mark  on  the  hill-sides,  I  set  up  a  row  of  stakes  across  the 
glacier,  and,  having  secured  a  photograph,  we  started  back  for  camp, 
which  we  reached  at  eight  p.m.  On  our  way  we  deposited  our  ice 
axes,  the  stand  of  my  camera,  and  some  photographic  plates,  beneath 
a  boulder,  so  as  to  have  the  less  to  carry  on  our  next  journey  up 
the  glacier. 

At  our  lower  camp  the  heat  during  the  day  was  very  great,  the 

temperature  being  often  82°  in  the  shade  ;  the  air  was  clear,  with  the 
barometer  ranging  from  27'30  to  27'40. ;  a  brisk  breeze  occasionally 
blowing  in  sudden  strong  squalls  from  the  south-west  or  north-west 
prevailed  in  the  valley,  while  on  the  mountain  ridges  a  steady  fierce 
wind  seemed  to  blow  continuously  from  the  west.  The  wood-hens  or 
wekas  ( Ocydromus  australis)  were  a  source  of  constant  amusement : 
they  seemed  to  know  no  fear,  and  would  come  pecking  and  examining 
every  article  in  our  camp,  and  were  always  ready  to  bolt  off  with 
any  small  object  left  on  the  ground.  They  cared  little  for  the  stones 
we  threw  at  them,  and  all  night  they  kept  up  a  constant  whistling, 
accompanied  by  a  kind  of  grunting  noise.  On  the  stream  hard  by 
we  had  an  inexhaustible  supply  of  blue  ducks  {Hymenolaimus  nialaco- 
rhynchus);  there  were  never  many  to  be  seen  at  a  time;  but  when  we 
shot  three  or  four  on  one  day,  a  couple  of  brace  more  would  occupy  the 
same  part  of  the  stream  next  morning.  They  were  not  wild,  so  in 
order  to  save  cartridges  we  generally  pelted  stones  at  the  birds 
to  get  them  together,  and  then  tumbled  two  or  three  in  the  one 
shot. 

Far  more  wild,  though  quite  as  numerous,  were  the  Paradise 
ducks  {Casarca  variegata).  These  were  splendid  birds,  in  habits,  mode 
of  flight,  and  note,  resembling  geese  rather  than  ducks  ;  and  the  male, 
with  his  white  head,  kept  such  a  good  look-out,  that  various  strata- 

gems had  to  be  adopted  ere  we  secured  one  for  the  pot. 
There  were  a  few  mosquitoes  and  sandflies,  but  the  large  blow-fly 

was  the  greatest  source  of  annoyance,  A.  coat  or  a  blanket  could 
never  be  laid  on  the  ground  for  half  an  hour  with  impunity ;  even  my 
mackintosh  was  considered  a  good  receptacle  for  their  eggs ;  but  we 
kept  them  from  our  cold  mutton  and  ducks  with  a  few  yards  of 
mosquito  net ;  and,  after  all,  having  your  coat  full  of  maggots  does 
you  no  harm,  so  long  as  they  do  not,  like  the  larvae  of  moths,  feed  on 
the  material. 

"We  were  astir  at  the  dawn  of  February  17th,  and,  as  soon  as 
we  had  our  packs  ready,  and  the  tents  secured  against  all  wekas  and 
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other  possible  invaders  during  our  absence,  we  started  for  the  glacier. 
On  reaching  a  pack  which  I  had  sent  on  to  the  foot  of  the  moraine, 
we  rearranged  our  loads,  Kaufmann  and  Boss  dividing  all  they  had  to 

carry  into  four  loads,  while  my  "swag"  was  quite  as  much  as  I  could 
manage  over  the  rough  ground.  My  men  adopted  the  plan  of  carrying 
each  one  load  for  an  hour  or  so,  and  then,  setting  it  down,  scrambling 
back  again  for  the  others,  thus  making  the  whole  journey  twice.  In 
this  manner  we  arrived  at  the  camping-ground  we  had  chosen,  near 
the  shore  of  a  little  blue  lake,  where  the  whole  drainage  of  the  valley 
that  forced  its  way  beneath  the  boulders  bubbled  forth  to  the  surface. 
The  lake  was  embosomed  in  dense  scrub,  which  here  clothed  the  high 
moraine  and  the  mountain  sides.  This  scrub  was  composed  of  dwarf 

pines ;  birch,  or  more  correctly  beech  (^Fagus) ;  veronicas,  sixty  species 
of  which  are  indigenous  to  New  Zealand,  and  shrubs  of  podocarpus, 
coprosma,  clracophyllum,  &c.,  and  as  we  came  along  we  could  not 
resist  eating  the  sweet  red  berries  of  Podocarpus  nivalis,  though  at  the 
time  we  did  not  know  what  ill  effects  might  ensue.  Of  smaller 
plants,  the  fine  white  Ranunculus  lyallii  was  everywhere  abundant ; 
it  goes  by  the  name  of  Mount  Cook  lily  among  the  colonists,  and  we 
found  its  large  succulent  leaves  most  useful  in  our  hats  as  a  protection 

against  the  fierce  rays  of  the  mid-day  sun.  A  little  white  violet 
became  common  from  this  camp  upwards,  and  ferns  nestled  under  the 
shade  of  every  damp  rock. 

Keas,  or  Mount  Cook  parrots  {Nestor  notabilis),  now  made  their 
appearance,  and  came  screaming  close  to  the  tent.  Kaufmann  shot  a 
couple,  and  soon  had  them  picked,  and  in  the  soup-kettle,  while  Boss 
added  a  brace  of  ducks  to  our  larder.  Parrot  soup  proved  so  good, 
that  from  this  day  forward  we  were  never  without  some  in  the  kettle. 
Since  sheep  were  introduced  into  New  Zealand  these  parrots  have 
acquired  a  taste  for  kidney  fat,  and  perching  on  the  poor  unresisting 
animals,  eat  through  their  flesh,  in  order  to  obtain  this  delicacy. 
Further  up  the  glacier  these  birds  were  so  tame,  that  I  knocked 
one  on  the  head  with  a  stick  which  I  had  in  my  hand.  In  the  crops 
of  about  a  dozen  specimens  of  the  kea  which  I  examined,  I  found 
nothing  but  the  green  pips  of  the  berries  of  Podocarpus  nivalis,  and 
the  birds  seemed  confined  to  the  zone  where  these  berries  were  ripe. 

As  night  closed  in  heavy  drops  of  rain  fell,  and  soon  it  began  to  blow 

a  gale ;  but,  ensconced  in  our  felt  sleeping-bags,  we  at  first  defied  the 
elements,  and  slept  well.  After  midnight,  however,  the  weather  became 
so  terrible  that  sleep  was  impossible.  The  tent  could  not  have  been  blown 

away,  as  it  was  made  on  Mr.  Whymper's  plan,  the  sides  and  floor  being 
L.11  in  one ;  but  I  felt  sure  it  must  soon  split ;  it  fluttered  and  banged, 
and  the  torrents  of  rain  never  ceased  lashing  its  sides.  Thunder  crashed 
round  the  mountain  peaks,  and  when  morning  came  there  was  no  improve- 

ment. So  far  the  tent  resisted  the  rain,  but  nowKaufmann's  sleeping 
bag  was  getting  wet  from  soaking  the  damp  through  the  tent  wall, 
then  a  pool  formed  in  our  opossum  rug,  and  it  was  no  longer  possible 
to  keep  dry.     There  was  no  chance  of  lighting  a  fire,  so  we  sat  in  the 
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tent  shivering  till  mid-day,  and  at  three  o'clock,  seeing  that  it  pro- 
mised for  a  similar  night,  and  all  our  things  were  wet,  we  determined 

to  secure  the  tent  and  provisions  as  best  we  could,  and  retreat  to  our 
lower  camp.  The  wet  scrub  drenched  us  as  we  pushed  our  way 
through  it,  but  on  reaching  our  camp  we  were  soon  into  dry  clothes. 
The  weather  cleared  for  an  hour  or  so  about  sunset,  allowing  us  to 
get  our  supper  in  comfort ;  but  as  it  began  to  blow  and  rain  as  night 
came  on,  we  made  ourselves  snug  in  our  hammocks,  and  slept,  in 
spite  of  the  banging  of  the  tent  walls  and  beating  of  the  rain.  ISText 
day  was  stormy,  wet,  and  cold,  the  highest  temperature  being  only 

42°.  After  our  mid-day  meal  we  set  off  in  our  waterproofs  to  try 
and  reach  the  Hooker  glacier ;  but  finding  we  should  have  to  mount 
the  steep  slopes  of  the  spur  of  Mount  Cook  through  dripping  ferns,  we 
relinquished  the  attempt,  and  amused  ourselves  by  running  after  and 
catching  some  young  wekas.  The  old  birds  came  from  all  points  to 
remonstrate,  and  forming  a  wide  circle,  squealed  and  grunted  forth 
their  indignation,  and  as  we  returned  their  young  ones  unharmed, 
they  were,  I  am  sure,  quite  satisfied  that  their  interference  had  a 
most  important  influence  over  our  actions.  It  cleared  a  little  about 
sunset,  showing  the  mountains  glistening  with  fresh-fallen  snow,  and 
then  settled  in  again  for  a  bad  night,  the  wind  still  blowing  a  gale 
from  the  north-west.  At  midnight  we  were  aroused  by  the  most 
awful  torrents  of  rain ;  there  seemed  to  be  no  wind  with  it,  and  in 
the  morning,  when  we  awoke  in  bright  sunshine,  and  looked  out  of 
the  tent,  we  found  the  whole  landscape,  down  almost  to  the  foot  of 
the  glacier  and  surrounding  hills,  covered  with  a  robe  of  freshly- 
fallen  snow.  These  lower  hills  are  of  course  covered  with  snow  in 

winter,  but  it  seldom  lies  on  the  flat  valley  for  more  than  twenty-four 
hours  at  a  time.  We  were  much  surprised  at  learning  this  from  the 
shepherds,  as  for  a  long  distance  the  valley  may  be  considered  to  be 
at  the  same  level  as  the  termination  of  the  glacier,  and  land  in  such 
proximity  in  Switzerland  would  be  covered  all  through  the  winter 
with  many  feet  of  snow.  The  wind  was  now  from  the  south,  the  sky 
blue,  and  as  the  snow  was  rapidly  melting,  I  determined  to  start  by 
myself  for  the  camp  at  the  Blue  Lake,  spread  out  the  things  to  dry, 
and  leave  the  men  to  follow  when  they  had  our  lower  camp  dried  and 
secure.  It  rained  a  little  again  at  night,  but  next  day  was  fine 
enough  to  continue  our  journey,  which  we  did  as  usual,  my  men 
going  over  all  the  ground  twice,  and  while  they  went  back  the 
last  stage  I  pitched  the  tent,  and  cut  twigs  for  our  bedding,  coprosma 
and  veronica  scrub  being  still  in  abundance.  I  shall  not  go  into  all  the 
details  of  our  troublesome  journey  ;  suffice  it  to  say,  that  our  fourth 
camp  was  pitched  on  the  moraine  abreast  of  the  stakes  I  had  erected 
on  the  glacier.  On  visiting  them,  however,  I  found  them  all  lying 
prostrate,  and  blown  to  some  distance  from  the  holes  in  which  they 
had  stood.  The  sunshine  and  storms  of  the  past  seven  days  had 
so  altered  the  surface  of  the  glacier,  that  we  had  some  little  difficulty 
in  finding  the  holes  we  had  made.     AVhen  we  set  the  sticks  up  again, 



650  Proceedings  of  the  Royal  Irish  Academy. 

and  I  ran  my  eye  along  them  to  the  mountain  side,  I  found  that  they 
were  still  in  an  almost  perfect  right  line,  showing  that  in  that  time  no 
motion  of  any  importance  had  taken  place.  This  was,  however,  what 
might  have  been  expected,  owing  to  the  ilatness  of  the  lower  portion 
of  the  glacier,  the  incline  being  about  100  feet  to  the  mile. 

We  returned  to  camp  over  piles  of  angular  rocks  alternating  with 
gravel  heaps,  coming  now  and  then  upon  a  yawning  chasm  with  sides 
of  dirty  ice  and  enclosing  deep  blue  pools  of  ice  water.  The  new 
moraine  near  the  margin  of  the  glacier  overtopped  a  rampart  of 
ancient  moraine,  showing  that  the  glacier  at  a  period  not  very  remote 
was  smaller  than  it  is  at  present.  Not  only  there,  but  at  various  other 
parts  of  our  route,  I  made  similar  observations.  The  old  moraine  was 
consolidated  by  the  disintegration  of  the  rocks  composing  it,  and 
afforded  soil  for  numerous  tufts  of  sword-grass  and  other  smaller 
plants.  Here  for  the  first  time  we  found  the  New  Zealand  Edelweis 
( Gnaflialium  grandiceps),  and  my  men  seemed  to  take  fresh  heart  after 
all  their  fagging  work  when  we  had  our  hat-bands  adorned  with  the 

familiar  little  felt-like  flowers.  After  a  good  night's  rest  on  a  bed  of 
Veronica  hectori,  we  continued  our  "swagging,"  and  on  the  next  after- 

noon, February  23rd,  we  reached  our  fifth  and  final  camp. 

We  were  now  3750  feet  above  the  sea,  having  gained  by  a  week's 
labour  only  1450  feet  of  actual  elevation,  and  Mount  Cook  still  towered 
nearly  9000  feet  above  us.  Our  advance  was  here  checked  by  the  ice 
of  the  much-broken  Ball  glacier  coming  down  from  our  left,  and  though 

we  carried  our  "  swags  "  on  to  its  surface  in  hopes  of  camping  farther 
up,  the  absence  of  scrub  on  the  farther  spurs  of  sufficient  size  to  promise 
a  supply  of  fire-wood  made  us  retrace  our  steps  and  pitch  our  tent  on 
a  gravel  flat,  close  to  the  mountain  side  in  the  angle  formed  by  the 
Mount  Cook  and  Tasman  glaciers.  Here  a  glacier  stream  provided  us 
with  water,  and  the  vicinity  of  our  camp  was  strewn  with  dead  wood 
brought  down  by  landslips  and  avalanches  from  the  steep  slopes  above. 
While  looking  for  a  suitable  nook  for  our  tent,  Boss  came  upon  a  little 
square  patch  of  dwarf  gnarled  coprosma  exactly  the  square  of  our  tent : 
it  grew  by  itself  on  the  gravel  in  a  snug  corner,  and  seemed  as  if  pre- 

pared so  specially  for  our  use  that  we  did  not  wish  to  decline  the  hos- 
pitality of  nature,  so  filling  up  the  centre  of  the  square  with  some  cut 

bushes,  we  pitched  our  tent  on  it.  Never  was  a  bed  more  comfortable ; 
its  spring  was  perfect.  We  never  sank  to  within  less  than  five  or  six 
inches  of  the  ground,  and  so  long  as  the  wekas  contented  themselves 
with  squeaking  and  grunting,  and  not  pecking  upwards,  we  did  not 
wish  to  deny  them  the  comfortable  lodging  beneath  us  which  they 
seemed  to  appreciate. 

Prom  this  camp  we  made  a  long  day's  excursion  up  the  main 
glacier,  and  completed  our  reconnaissance  of  the  ridges  of  Mount 
Cook ;  and  from  a  point  on  the  medial  moraine  I  took  a  circle  of 
angles  with  a  view  to  making  my  map,  and  secured  a  couple  of  nega- 

tives of  the  Hochstetter  ice  fall ;  but  the  light  was  so  brilliant,  there 
not  being  a  cloud  in  the  sky,  that  over  exposure  of  my  plates  was 
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almost  unavoidable.  On  this  day  we  spent  some  time  sounding  cre- 
vasses. Into  one  moulin  I  lowered  a  stone  witli  320  feet  of  cord,  but 

as  the  cord  was  found  to  have  tangled,  the  observation  could  not  be 
relied  on.  We  then  timed  the  fall  of  large  stones,  and  on  several  occa- 

sions measured  5"  by  my  watch  before  the  first  crash  was  heard,  giving 
a  depth  of  300  feet,  and  then  as  a  series  of  bangs  followed  for  as  long 
again,  these  crevasses  must  at  the  lowest  computation  be  500  feet  deep. 

The  glacier  (Plate  XVIII.)  close  to  our  camp,  which  I  have  named 
the  Ball  glacier,  after  John  Ball,  who  may  be  looked  upon  as  one  of  the 
fathers  of  Alpine  exploration,  had  some  points  of  special  interest.  Plow- 

ing from  the  S.W.,  it  met  the  current  of  the  main  glacier  coming  from 
the  north,  and  failing  to  stem  it,  was  pushed  aside  down  the  valley,  its 
lower  portion  thus  making  an  acute  angle  with  its  former  course.  As 
our  tent  was  in  the  angle,  I  had  abundant  opportunity  for  watching  its 
great  slopes  of  ice  which  stood  up  high  above  the  moraine,  and  by  ob- 

servation I  found  the  ice  moved  past  at  the  rate  of  one  foot  per  day. 
At  one  point  the  pressure  had  been  sufficient  to  push  down  the  moraine 
as  a  great  wall  might  have  been  tumbled  over,  while  immediately  in 
front  of  our  camp  the  glacier  was  building  up  the  rampart  by  a  con- 

stant dropping  of  angular  stones.  Even  in  the  stillness  of  night  these 
sounds  evidence  its  icy  life,  and  one  night  we  heard  a  bang  as  of  a 
cannon  shot  when  some  new  crevasses  sprang  into  existence. 

The  blocks  of  the  moraine  were  all  either  sandstones  or  slates  of  the 

newer  palaeozoic  formation,  of  which  Mount  Cook  and  all  this  range  is 
competed,  with  occasional  fragments  of  quartz,  in  which  we  kept  a 
bright  look  out  for  gold  and  blocks  of  a  kind  of  volcanic  breccia,  which, 
according  to  Professor  V.  Ball,  who  kindly  examined  a  piece  which  I 
brought  home,  consists  of  fragments  of  pyroxene  and  felspar,  the  latter 
being  much  decomposed,  and  some  free  silica. 

Our  first  attempt  to  scale  Mount  Cook  by  the  southern  arete  was 
foiled  by  meeting  a  series  of  crags  of  the  above-named  slates,  which 
owing  to  their  rotten  condition  we  could  not  climb.  Our  second  attack 
ended  in  the  face  of  a  great  sandstone  cliff  of  the  eastern  spur.  Our 
third  and  successful  attempt  was  made  for  the  greater  part  by  snow 
and  ice,  and  of  the  ascent  I  shall  now  give  a  few  details.  Immediately 
to  the  north  of  Mount  Cook,  Mount  Tasman  raises  its  glacier-clad  peak, 
and  fi'om  the  basin  between  these  two  mountains  descends,  in  a  grand 
ice-fall,  the  Hochstetter  glacier.  This  glacier  forms  one  of  the  most 
splendid  sights  in  the  Southern  Alps.  Its  chaos  of  seracs  tinted  with 
every  icy  hue,  from  beryl  blue  to  silvery  white,  is  of  course  quite 
inaccessible,  as  every  moment  the  ice  blocks  topple  over  with  loud 
boomings  and  crashes,  and  descend  from  level  to  level  in  clouds  of  ice 
dust.  ̂ 0  speck  of  moraine  pollutes  its  surface  though  a  medial  moraine 

appeared  lower  down,  showing  that  the  ice-fall  is  really  a  junction  of 
two  glaciers.  To  reach  the  basin  or  plateau  above  the  Hochstetter 
ice-fall  was  now  our  object,  so  on  the  1st  of  March  we  started  at  day- 

break, with  rugs  for  a  bivouac  and  provisions  for  three  days,  and  after 
crossing  the  Mount  Cook  glacier,  and  the  Hochstetter  glacier  below 
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its  ice-fall,  we  climbed  the  steep  rocks  of  the  spur  from  Mount  Tasman, 
and  after  ten  hours'  work  settled  ourselves  for  the  night  on  some  stones 
beneath  a  large  boulder  about  3000  feet  above  the  Tasman  glacier. 

Starting  from  our  bivouac  at  six  a.  m.,  we  reached  the  plateau 
above  the  Hochstetter  glacier,  and  then  by  a  glacier  coming  down 
between  the  northern  arete  and  the  arete  connecting  Mount  Cook 
with  Mount  Tasman,  which  I  have  called  the  Linda  glacier,  we 
gained  the  last  steep  ice  slopes  of  the  peak,  and  after  about  five 

hours'  step-cutting  stood  on  the  highest  ridge  at  6'20  p.m.  The 
wind  was  N.  W.,  the  ice  thawing  rapidly;  temperature  about  40°.  As 
my  thermometer  was  broken  I  could  not  take  the  exact  temperature; 

it  may  therefore  have  been  even  higher  than  40°;  it  could  not  have 
been  much  lower.  My  aneroid  read  19-35  inches,  which,  with  cor- 

rection to  bring  it  into  comparison  with  the  standard  instrument  in 

the  post  office  at  Timaru,  would  be  19-05,  and  by  comparison  with  the 
sea-level  readings,  furnished  to  me  for  that  day  by  Dr.  Hector,  Super- 

intendent of  the  Meteorological  department,  ISTew  Zealand,  our  eleva- 
tion above  the  sea  level  would  appear  to  have  been  between  12,300 

and  12,500  feet,  according  as  the  possible  corrections  are  adopted. 
The  mountain  has  been  measured  trigonometrically  from  twenty - 

two  stations  by  Mr.  G.  J.  Roberts  of  the  "Westland  Survey  Department, and  his  result  of  12,349  feet  is  no  doubt  the  true  elevation.  Though 
a  heavy  gale  was  driving  dark  masses  of  rain-clouds  in  eddies  round 
the  ice  cornice  on  which  we  stood,  we  could  see  quite  enough  to 
satisfy  ourselves  that  we  were  on  the  ice  cap  of  the  highest  peak. 

"We  could  not  see  the  distant  view;  but  there  is  no  other  pinnacle  of the  mountain  that  can  enter  into  competition  with  the  peak  we 
climbed.  A  peak  that  seems  almost  as  high,  when  looked  at  from  the 
Tasman  valley,  only  owes  its  chance  of  comparison  to  its  being  nearer 
the  spectator.  One  peak  alone  with  its  little  cap  of  ice  presents  itself 
as  the  Sochste  Spitze,  from  any  point  of  view  from  which  a  true  esti- 

mate of  the  mountain  can  be  formed.  In  the  hour  of  daylight  that 
remained  we  descended  about  2000  feet ;  it  then  became  quite  dark, 
and  as  heavy  showers  of  rain  and  sleet  beat  upon  us  I  called  a  halt. 
Spending  the  nine  hours  of  darkness  standing  on  a  ledge  of  rock,  we 
resumed  our  descent  next  morning,  reaching  the  Tasman  glacier  at  six, 

and  our  camp  at  7-30  p.  m. 
The  vegetation  in  these  high  alpine  regions  was  most  interesting :  ve- 

ronicas of  various  species  were  of  the  larger  plants  the  most  numerous ; 
the  Veronica  macrantha  with  its  large  white  flowers  was  especially  beau- 

tiful, and  quite  takes  the  place  of  the  little  rhododendron  of  Switzer- 
land. Above  the  mean  snow  line,  which  is  about  3000  feet  lower 

than  a  similar  line  in  the  European  Alps,  numerous  alpine  plants  and 
a  few  dwarfed  stragglers  from  lower  regions,  flourished  in  suitable 
situations.  Of  these  alpine  plants  I  made  a  collection,  noting  the 
highest  point  at  which  I  observed  them  growing-  Mr.  Armstrong,  of 
the  Botanical  Gardens,  Christchurch,  kindly  named  most  of  these  for 
me ;  the  few  he  was  doubtful  about  I  have  since  shown  to  Sir  Joseph 
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Hooker,  and  one  of  these  being  a  new  species  of  the  genus  Haastia, 

he  has  paid  me  the  compliment  of  calling  by  my  name.  Speaking  of 
it,  he  says  :  ''  This  last  is  a  beautiful  thing,  of  which  I  hope  that 

flowers  may  be  found  by  future  climbers."  It  grew  in  white  velvet- 
like bosses  on  the  rocks  facing  the  north,  the  barometer  being  at 

23-90  when  I  gathered  it  on  the  southern  spur,  giving  an  elevation 
on  that  day  of  6500  feet.  Above  this  there  was  no  sign  of  vegetation, 
except  a  little  lichen,  which  extended  to  the  very  top  stone  of 
Mount  Cook.  What  struck  me  most  about  all  this  vegetation  was  that, 

with  the  exception  of  a  yellow  ranunculus  and  a  little  violet  tiage  in 
the  flowers  of  veronica,  all  the  flowers  were  white.  The  pmk  of  the 
primula  and  the  blue  of  the  gentian,  so  familiar  to  my  eyes,  were 
altogether  absent.  My  companions  and  I  had  worked  so  harmoniously 
together,  that  we  did  not  break  up  our  alpine  camp  without  many 
pangs  of  regret,  that  our  days  among  the  glorious  scenery  of  the 
Southern  Alps  had  come  to  a  close.  Once  more  we  had  to  return  to 

the  haunts  of  men,  and  I  cannot  conclude  this  Paper  without  ex- 
pressing our  appreciation  of  the  boundless  hospitality  with  which  we 

were  everywhere  received  by  the  hospitable  people  of  New  Zealand. 

Some  Alpine  Plants  of  Neio  Zealand,  Mount  Cook  District,  collected  in 
Felr Mary  and  March,  1882. 

Name  of  Plant,  and  Authority. 

Eammeulus  serieophyllus  (Armstrong), 
Ligusticuni  armnaticum  (Hooker,  fil.). 
Sector ella  ccespitosa  (Hooker,  fil.), 
Baoulia  grandiflora  (Hooker,  fil.  and  Armstrong), 
Saastia  greenii  (Hooker,  Si..), 
Gnaphalkmi  grandiceps  (Armstrong), 
Gnaphalium  bellidioides  (Armstrong), 
Helophyllum  colensoi  (Hooker,  fil.), 
Dracophylliim  rosmarinifolium  (dwarf)  (Armstrong) 
Coprosma puniila,  (dwarf)  (Armstrong),    . 
Euphrasia  (?) 
Aelmersia  sessiflora,        ..... 
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LXXXVIII. — COMPTJTATIOK    OF    TiDES — RESULTS    OE   ThEOEY    AND    Ob- 

SEKVATioN.  By  James  Pearson,  M.  A.,  Ex-Scholar  (15th  Wrangler) 

of  Trinity  College,  Cambridge ;  Vicar  of  Fleetwood.  ("With  Plate XIX.) 

[Read,  November  13,  1882.] 

The  subject  of  Tides,  upon  which,  from  time  to  time,  I  have  had  the 
honour  of  addressing  the  Royal  Irish  Academy,  is  one  of  which  the 
importance  can  hardly  be  overrated,  whether  we  regard  it  in  its  con- 

nexion with  physical  science  or  in  its  reference  to  practical  naviga- 
tion. A  ship,  on  arriving  at  her  port  of  destination,  requires  a  safe 

access  and  convenient  place  of  discharge,  and  these  cannot  be  secured 
unless  it  is  ascertained  that  a  sufficient  depth  of  water  will  be  found 
to  keep  her  afloat,  and  that  a  suitable  time  has  been  fixed  upon  for 
her  entrance  into  the  tidal  harbour.  Hence  the  exigencies  of  the  case 
demand  strict  attention  be  paid  to  the  amount  of  rise  and  fall  of  tide. 
A  rough  guess  is  not  sufficient ;  an  error  of  a  few  inches  may  cause  the 
vessel  to  take  the  ground,  and  so  to  be  left  high  and  dry  twice  in 
twenty -four  hours  ;  and  this  for  several  days,  in  fact  until  the  return 
of  spring  tides  supplies  water  enough  for  her  draught.  Now  this  has 
a  double  inconvenience  and  loss.  There  is  the  expense  of  delay  in  her 

discharge,  which  is  often  very  considerable — wages  incurred  without 
work,  and  time  idly  squandered.  If  an  attempt  is  made  to  lighten  her 
by  removing  some  of  her  cargo,  it  may  be  unsuccessful,  and  involves 
expenditure.  More  than  this,  the  grounding  of  a  ship  of  magnitude 
and  in  full  load  is  most  injurious.  A  severe  strain  takes  place  from  the 

efi^ects  of  which  she  can  hardly  ever  be  recovered  ;  and  if  the  ground 

be  very  hard  and  uneven,  she  may  "break  her  back."  jN'ow  these are  not  exaggerated  dangers ;  and  therefore  whatever  can  be  done  to 
prevent  their  occurrence  is  a  real  boon  to  mercantile  interests. 

Impressed  with  these  considerations,  and  having  all  the  theoretical 
information  on  the  subject  which  a  knowledge  of  mathematics  could 

supply,  combined  with  an  ardent  love  of  what  I  may  call  an  "unfre- 
quented study,"  with  the  singular  advantage  of  having  my  home  within 

two  hundred  yards  of  a  self-registering  ticle-guage,  I  have  for  the  last 
twelve  years  practically  applied  myself,  not  only  to  the  main  problem, 
but  also  to  the  discrepancies  involved  in  consequence  of  atmospheric 
disturbances,  and  evidence  is  now  forthcoming  to  show  that  the  success 

has  been  very  remarkable.  Self-praise  is  no  recommendation,  but 
those  who  have  used  the  Admiralty  Tide  Tables  for  Liverpool  during 
the  last  five  years,  have  been  prompt  to  testify  to  the  improvement 
which  has  taken  place  in  their  predictions  of  the  height  of  tides.  The 

calculations  now  are  based  on  a  modification  of  Bernouilli's,  or  the 
Equilibrium  Theory ;  and  the  figures  employed  Averc,  in  the  first  in- 

stance, taken  from  Sir  John  "W.  Lubbock's  "  Elementary  Treatise  on 
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the  Tides."  But  the  principle  of  the  method  is  one  wliich  never 
occurred  to  either  of  these  philosophers,  nor,  if  known  at  all,  has  it 
heen  published  by  anyone  else.  The  principle  inrolved  is  this  :  that 
the  configuration  of  land  and  water  on  the  surface  of  the  globe  brings 

it  to  pass  that  the  direction  of  the  moon's  motion  in  respect  to  the 
equator  makes  a  very  great  difference  in  the  magnitude  of  the  tide- 
wave  which  reaches  our  shores.  For  when  the  moon  advances  from 

south  to  north  declination,  crossing  the  equator,  as  she  sometimes  does, 
at  an  angle  of  28  degrees,  it  is  seen  that  her  line  of  motion  approxi- 

mately coincides  with  the  general  trend  of  the  Atlantic  Ocean,  at  the 

time  when  the  earth's  rotation  brings  that  part  of  the  globe  directly 
beneath  her,  and  this  causes  a  further  development  of  the  tide-wave 

in  the  direction  of  Europe  and  IS'orth  America ;  whereas,  when  the moon  declines  from  north  declination  to  south,  her  course  is  diagonal 
to  the  former  one,  crossing  the  Atlantic,  roughly  speaking,  in  the 
direction  of  its  Ireadth,  whilst  in  the  other  case  she  crossed  in  the 
direction  of  its  length.  The  like  phenomena  take  place  in  connexion 
with  the  obverse  action  of  the  moon  on  the  opposite  side  of  the  globe, 
when  that  is  the  agency  considered.  The  same  remarks  also  apply 
in  regard  to  the  action  of  the  sun,  only  this  action  is  much  more 
gradual  and  constant.  PoUowing  out  the  principles  thus  briefly 
enumerated,  a  patient  attention  to  the  actual  phenomena  for  twelve 

years  has  enabled  me  to  di-aw  up  tables  of  computation  which  include 
every  possible  cause  which  can  effect  or  interfere  with  the  working  of 
the  tides. 

Other  principles  of  computation,  however,  have  found  favour  with 
the  Tidal  Committee  of  the  British  Association,  for  the  details  of  which 

the  Annual  Reports  must  be  consulted.  In  the  "Harmonic  Analysis 
of  the  Tides,"  as  it  is  called,  the  various  changes  of  level  to  which  the 
sea  is  subject,  moment  by  moment,  in  consequence  of  the  tide-generat- 

ing forces,  are  ascertained  by  the  enumeration  of  a  series  of  Harmonic 
Functions,  each  of  which  involves  the  time  for  which  the  computation 
is  made,  certain  quantities  depending  on  the  angular  velocity  of  the 

earth's  rotation,  the  rates  of  relative  orbital  motion  of  the  moon  and 
sun,  and  certain  constants.  The  relative  merits  of  these  rival  theories 
(for  such  they  are,  though  to  a  certain  extent  based  on  common  funda- 

mental physical  laws)  can  only  be  tested  by  comparison  with  observa- 
tion, and  for  this  purpose  no  place  is  more  eligible  than  Liverpool, 

where  the  equinoctial  tides  sometimes  range  as  far  as  thirty-one  feet 
from  low-water.     I  am  not  aware,  however,  that  this  has  been  done. 

Meantime,  I  desire  to  send  to  the  Academy  a  sort  of  challenge-list 
of  comparisons,  taken  for  a  semi-lunation  in  the  month  of  June,  1882. 
The  atmospheric  conditions  during  this  period  were  exceedingly  con- 

stant, and  so  they  very  slightly  affect  the  results.  I  am  now  engaged 
in  forming  a  Table,  the  arguments  of  which  are  the  direction  and  force 
of  the  wind  on  the  one  hand,  and  the  height  of  the  barometer  on  the 
other.  By  the  aid  of  this,  predictions  may  be  made  with  much 
accuracy  in  unsettled  weather. 
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Comparison  of  Tides  from  June  17  to  June  29,  1882,  at  Fleet  wood,  and 
confirmed  hj  Registers  at  Liverpool. 

Date. Calculation. Obsen-ation. Error. 
1 

!  Barometer. Wind,  &c.                      j 

1882. 
June  17. 

ft.  in. 

26     0 
ft.  in. 
25     7 

in. 

—  5 

I 

1          ̂ °- 

:      29-9. 
TV.S.V.,  sHght. 

„     18. 
26     4 
25    7 

26    5 

25    6 

-f  1 

-1 

■      29-6. W.,           fresh. 
X.X.W.,      „                    1 

,,      19. 
25    9 
24  11 25  10 

24  10 +  1 

-  1 

29-8. 

29-9. 
j 

„     20. 
25    3 
23  10 

25    2 
23  11 

-  1 

-!-  1 

'           yy 
,,          calm, 

1 

1       „     21. 1 
24    2 
22  10 

24    4 
23    2 

-f  2 

+  4 

,      29-8. 

5  J 

W.S.W.,  slight.               ! 

1          ,;       22. 

„     23. 
1 

23    3 
22    1 

22    5 
21     1 

23    4 
22    4 

22    5 
21    5 

+  1 

4-  o 

0 

+  4 

29-7. 

X.,             calm, 

calm. 

,.     24. 
21    4 
20    4 

21    5 

20    9 

+  1 +  5 

29-9. 

,      29-8. 

S.,  fresh,  bar.  falling. 

:       ,,     25. 
20    7 
20    1 

20  11 
20    4 

+  4 
+  3 

29-9. 
30-0. 

„     26. 
20    6 

.  20  10 

20    8 
20  10 

-f  2 

0 

i                  .■! 

cahn. 

„     27. 
21     3 
21  11 

21  2 
22  0 

-  1 

+  1 

30-1. X.X.W.,  slight. 

„     28. 
22  3 
23  3 

22  3 
23  4 

0 

+ 1 

30-2. 
S.W.,        calm. 

N., 

„     29. 
23  6 
24  10 

23  4 

24  8 

_  2 

- 

har.  rising. ,, 

But,  in  order  to  submit  the  ne^vly-devised  method  to  a  still  more 
severe  and  crucial  test,  it  is  necessary  to  examine  what  may  be  called 
correlative  tides,  i.e.  tides  having  nearly  the  same  constituents :  for  as 

like  causes  produce  like  effects  in  natui-e,  such  tides  should  show  the 
same  agreement  between  theory  and  observation.  This  plan  becomes 

more  simple,  because  any  one  tide  in  any  year  has  only  one  tide  corre- 
sponding to  it  in  any  other  year ;  and  if  there  be  a  discordance,  it  must 

be  due  to  a  difference  in  atmospheric  conditions,  and  will  indicate  the 

change  of  height  of  tide  arising  fi'om  this  cause. 
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Thus,  if  we  take  the  Liiuar  and  Solar  Tide  which  is  connected  with 
that  transit  of  the  moon,  which  occurs  in  May,  at  between  6h.  and7h., 
Greenwich  apparent  time,  and  compare  theory  with  observation  during 
the  last  seven  years,  we  find  as  follows  : — 

Years. 
Moon's Trans. Moon's 

Par. 
Moon's 
Dec. 

S.  asc. 
Calculation. Observation. Error. 

h.  m. / 

„    / 

ft.     in. ft.     in. in. 
1876. 6  31 55-27 14-17 20     9 20     3 

-6 

1877. 6  33 54-16 16-53 20     2       1 20     2 0 
1878. 6  41 54-13 

5-27 

21      1       i 21     0 

-  1 

1879. 6  45 55-38 

8-45 
21     5       j 21     2 

-  3 

1880. 6  25 58-  4 13-44 22     2       I 22     2 0 
1881. 6  17 58-52 

6-14 

23     3       ' 
23     2 

-  1 

1882. 6  25 59-16 

8-52 
23     0       1 

I 
23     0 0 

The  above  are  favourable  specimens  :  all  others  are  not  equally  so. 
We  shall  next  examine  the  atmospheric  conditions  which  seem  to 
account  for  the  variation.  Thus,  if  we  take  the  Lunar  and  Solar 

Tides  of  August,  which  are  incident  to  the  moon's  transit  between 
llh.  and  noon  in  the  same  years,  with  the  atmospheric  conditions — 

Vparc!          Moon'
s Years.         .^^^^^ 

Moon's Par. Moon's Dec. 
N.  desc. Calcula- tion. 

Obser- vation. 
Baro- 
meter. Wind,  &c. 

1876. 
1877. 
1878. 
1879. 
1880. 
1881. 

11-26 
11-50 
11-44 
11-14 
11-49 
11-16 

60-30        17-44 
61-19         18-27 
60-44          9-41 
57-36        15-27 
55-  6        14-17 
54-  4        10-  8 

28-  0 
28-  3 

28-  9 
26-  6 
25-10 

25-  5 

27-9 
28-2 28-7 

26-5 25-9 

25-8 

29-8. 
29-8. 
29-7. 

29-6. 
29-8. 
29-3. 

calm. N.W.,  slight. 

S.,  slight. 
N.W.,  fresh. 

W.,  slight. 
S.,  strong. 

So  long  as  the  atmospheric  conditions  are  not  very  diverse,  it  is  found 
that  the  agreement  between  theory  and  observation  is  very  nearly 

perfect ;  the  changes  in  the  moon's  parallax  and  declination,  each 
producing  their  own  separate  effects  with  undeviating  regularity,  but 
when  the  atmospheric  conditions  change  the  effects  become  apparent. 
Thus,  for  the  March  Tides,  lunar  and  anti-solar,  transits  between  4h. 
and  5h.,  p.m. 

Years. Moon's Trans. Moon's Par. Moon's 
Dec. 

S.  desc. 
Calcula- tion. Obser- vation. 

Baro- 
meter. Wind,  &c. 

1877. 
1878. 
1879. 
1880. 
1881. 
1882. 

4-46 
4-12 
4-31 
4-35 
4-39 

4-52 

56-  2 
58-  1 
59-19 
59-17 

58-40 
56-53 

25-34 
26-37 

25-15 
22-55 
23-  6 
21-  3 

20-10 
22-   5 
22-  7 

22-  8 
22-  0 
21-  1 

20-7 

22-3 
23-1 
23-9 
22-4 
21-3 

29-5. 
29-8. 
29-7. 
29-7. 29-7. 

30-5. 

N. 

N. S.W. 
W.N.W.,  strong. 

S.W.,  fresh. 
W.S.W.,  fresh. 
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The  last  tide  would  have  had  its  height  augmented  by  the  direction 
and  force  of  the  wind,  but  this  was  counteracted  by  the  high  barome- 

tric pressure. 
In  conclusion,  enough  has  been  said  to  show  the  progress  made  in 

accurate  calculation,  and  the  data  upon  which  the  effects  of  atmos- 
pheric conditions  may  be  estimated.  A  similar  method  may  be  applied 

in  the  case  of  any  other  ports  to  which  attention  may  be  directed.  For 
instance,  in  the  case  of  Kurrachee,  it  is  found  that  the  diurnal  inequa- 

lity is  very  visible,  when  the  moon  or  anti-moon  is  south  of  the  equator 
at  the  instant  of  the  transit,  which  occurs  twelve  hours  previously. 
The  configuration  of  land  and  water  affects  the  course  of  the  tides 
as  certainly  in  the  Indian  as  in  the  Atlantic  Ocean  ;  everywhere  it  pro- 

duces irregularities  which  cannot  be  ignored,  when  special  tide-tables 
have  to  be  calculated. 

Plate  XIX.  represents  the  curves  formed  by  the  tides,  as  observed 

by  W.  Parkes,  E.G.,  at  Kun-achee,  and  referred  to  in  the  Eeport  of  the 
British  Association  for  1870.  It  shows,  by  means  of  the  graphic  pro- 

cess at  the  foot  of  the  diagram,  the  law  of  the  "diurnal  inequality," 
for  that  place.  Por  an  explanation  of  this  process  see  these  Proceed- 

ings, antea,  page  73.  The  law  is  this  :  when  the  moon  is  below  the 
equator,  the  lunar  tides  (combined  with  the  solar)  are  highest,  and 
arrive  at  Kurrachee  about  twelve  hours  after  the  transit  B.  When 

the  anti-moon  is  below  the  equator,  the  anti-lunar  tides  (combined 
with  the  anti-solar)  are  highest.  The  diurnal  and  semi-diurnal  curves 
are  also  shown. 
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LXXXIX.   CoNTRIBtTTIONS  TO  THE  TheOEY  OF  SCREWS.      By  RoBEET  S. 
Baxl,   LL.D.,   r.R.S.,  Andrews   Professor  of  Astronomy  in  the 
University  of  Dublin,  and  Royal  Astronomer  of  Ireland. 

[Eead,  November  13,  1882.] 

The  theory  of  "  emanants "  in  modem  algebra  (Salmon's  Higher 
Algebra,  3rd  ed.,  p.  108)  is  specially  appropriate  for  throwing  light 
on  screw  co-ordinate  transformations.  The  present  Paper  relates  to 
this  subject. 

Let  ai,  .  .  .  ag  denote  the  six  co-ordinates  of  a  twist  or  of  a  wrench. 
If  we  regard  the  amplitude  of  the  twist  or  the  intensity  of  the  wrench 

as  unity,  then  the  six  co-ordinates  become  the  co-ordinates  of  the 
screw.  For  our  present  purpose  we  require  the  six  co-ordinates  to  be 
independent  variables,  and  therefore  we  shall  regard  them  as  the  co- 

ordinates of  the  Dyname  itself,  not  merely  of  the  screw  on  which  it 
reposes.  To  specify  the  screw  five  constants  are  required ;  one  con- 

stant more  gives  the  intensity  of  the  Dyname,  making  six  in  all.  The 

Dyname  can  thus  be  completely  expressed  by  the  six  co-ordinates,  of 
which  each  one  is  absolutely  independent  of  the  rest. 

Let  a'  be  the  intensity  of  the  Dyname  on  a  ;  then  a!  is  proportional 
to  tti,  .  . .  as  insomuch,  that  if  the  Dyname  be  replaced  by  another  on 

the  same  screw  a,  but  of  intensity  a;a',  the  co-ordinates  of  this  new 
Dyname  will  be  xa.^,  .  .  .  xa^. 

Let  ̂   be  a  second  Dyname  on  another  screw  quite  arbitrary  as  to 

its  position  and  as  to  its  intensity  fB'.  Let  the  co-ordinates  of  /5,  re- 
ferred to  the  same  screws  of  reference,  be  /Si,  ...  /3^.  If  we  suppose 

a  Dyname  of  intensity  g/3'  on  the  screw  (3,  then  its  co-ordinates  will 
be  g(3i,  .  . .  g/Sg.  Let  us  now  compound  together  the  two  Dynames  of 

intensities  xa'  and  y/3'  on  the  screws  a  and  (3.  They  will,  according 
to  the  laws  for  the  composition  of  twists  and  wrenches  {Theory  of 
Scretvs,  p.  11),  form  a  single  Dyname  on  a  third  screw  lying  on  the 
same  cyUndroid  as  a  and  /3.  The  position  of  the  resultant  screw  is 
such  that  it  divides  the  angle  between  a  and  (3  into  parts  whose  sines 
have  the  ratio  of  g  to  x.  The  intensity  of  the  resulting  Dyname  is  also 
determined  (as  in  the  parallelogram  of  force)  to  be  the  diagonal  where 
X  and  g  are  the  sides,  and  the  angle  between  them  is  the  angle  between 
a  and  /3.  It  is  important  to  notice  that  in  the  determination  of  this 
resultant  the  screws  of  reference  bear  no  part ;  the  position  of  the  re- 

sultant Dyname  on  the  cylindroid  as  well  as  its  intensity  each  depend 
solely  upon  the  two  original  Dynames,  and  on  the  numerical  magni- 

tudes X  and  g. 

We  have  now  to  form  the  co-ordinates  of  the  resulting  Dyname,  or 
its  components  when  decomposed  along  the  six  screws  of  reference. 
The  first  Dyname  has  a  component  of  intensity  xai  on  the  front  screw  ; 
and  as  the  i^ceoud  Dyname  has  a  component  g/3i,  it  follows  that  the 
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sum  of  these  Itto  must  be, the  component  of  the  resultant.  Thus  we 

have  for  the  co-ordinates  of  the  resultant  Dpiame  the  expressions 

xa.i  -f  y^i,  .  .  .  xa^  -T  y/3e. 

Let  us  suppose  that  without  in  any  paiiicular  altering  either  of  the 

Dynames  a  and  /S  we  make  a  complete  change  of  the  six  screws  of  re- 
ference. Let  the  co-ordinates  of  a  with  regard  to  these  new  screws 

be  Xi,  .  .  .  Ag,  and  those  of  (3  be  /xj  .  .  .  //.g.  Precisely  the  same  argu- 
ment as  has  just  been  used  will  show  that  the  composition  of  the 

Dynames  xa'  and  y/3'  will  produce  a  Dyname  whose  co-ordinates  are 
xXi  +  y/j.i,  .  .  .  a-Xg  f  y/zg.  We  thus  see  that  the  Dyname  defined  by  the 
co-ordinates  xai  -f  ̂ jSi,  .  .  .  xa.^  4  y/3g,  ref eiTed  to  the  first  group  of  re- 

ference screws  is  absolutely  the  same  Dyname  as  that  defijied  by  the 

co-ordinates  xX^  +  y/^i,  .  .  .  xX^  -f  y/ig  referred  to  the  second  group  of 
reference  screws,  and  that  this  must  remain  true  for  every  value  of 
X  and  y. 

In  general,  let  6i,  ...  6^  denote  the  co-ordinates  of  a  Dyname  in  the 
first  system,  and  91,  .  .  .  <^6  denote  those  of  the  same  Dyname  in  the 
second  system.  Let  f{0\,  .  .  .  6^)  denote  any  homogeneous  function  of 

the  first  Dyname,  and  let  F{4>i,  •  •  •  ̂e)  be  the  same  function  trans- 
formed to  the  other  screws  of  reference.     Then  we  have 

/(^i.  .  . .  ̂g)  =  F{4^„  . . .  c/)g) 

as  an  identical  equation  which  must  be  satisfied  whenever  the  Dyname 

defined  by  Oi,  .  .  .  d^is  the  same  as  that  defined  by  0i,  .  .  .  4>e-  "We  must therefore  have 

f{xai  +  y/3u  .  .  .  xos^  y/Se)  =  F{xXi  -f  y/j.^,  .  .  .  xX^  +  y/y^). 

These  expressions  being  homogeneous,  they  may  each  be  developed 

in  ascending  powers  of  -.     But  as  the  identity  must  subsist  for  every 

value  of  this  ratio,  we  must  have  the  coefiicients  of  the  various  powers 

equal  on  both  sides.  The  expression  of  this  identity  gives  us  a  series 

of  equations  which  are  all  included  in  the  fonn — 

d  d  Y         !       d  d  \»„ 

The  functions  thus  arising  are  well  known  as  ••  emanants ''  in  the 
theoiy  of  modem  algebra,  and  we  have  now  proved  that  they  are  co- 
variants  of  the  original  quantic.  It  is  instinctive  to  notice  how  inti- 

mately this  branch  of  algebra  is  connected  with  the  Dynamical  con- 
ceptions in  the  theory  of  screws.  The  cases  which  we  shall  consider 

are  those  oi  n  =  I  and  71  =  2.  In  the  former  case  the  emanant  may  be 
written 

dai  '  ^  doe 
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It  will  of  course  be  understood  that  /  is  perfectly  arbitrary,  but 
results  of  any  interest  are  only  to  be  anticipated  when  /  has  been 
chosen  with  special  relevancy  to  the  Dyname  itself,  as  distinguished 
from  the  influence  due  merely  to  the  screws  of  reference.  We  shall 

first  take  for /the  square  of  the  intensity  of  the  Dyname,  the  expres- 
sion for  which  is  found  in  the  Theory  of  Screivs,  p.  34,  to  be 

^  =  af  +  .  .  .  +  Ofi-  +  2aia2(12)  +  .  .  ., 

where  (12)  denotes  the  cosine  of  the  angle  between  the  first  and  second 
screws  of  reference,  which  are  here  taken  to  be  perfectly  arbitrary. 
The  second  group  of  reference  screws  we  shall  take  in  a  special  form. 
They  are  to  be  located  two  by  two  on  three  intersecting  rectangular 
axes  {Screws,  pp.  46,  172) :  so  that 

i2  =  (Ai  +  Ao)2  +  (X3  +  A4)-  +  (/\5  +  XeT- 

Introducing  these  values,  we  have,  as  the  first  emanant, 

:§ai/3i  +  S(ai^3  +  %A)(12)  =  (/xi  +/X3)(Xi  +  A,)  +  {fJ.3  +  fJ^i)i>^3  +  K) 

+  {fM^+lXeXh  +  K)  ; 

but  in  the  latter  form  the  expression  obviously  denotes  the  cosine  of 
the  angle  between  a  and  (3  where  the  intensities  are  both  unity ;  hence, 
whatever  he  the  screws  of  reference,  we  must  have  for  the  cosine  of  the 
angle  between  the  two  screws  the  result 

5aiySi  +  S(ai/?2  +  ao/5i)(12), 

an  expression  otherwise  arrived  at  in  Trans.,  E.  I.  A.,  vol.  xxv., 
Science,  p.  306. 

In  general  we  have  the  following  formula  for  the  cosine  of  the 
angle  between  two  Dynames  multiplied  into  the  product  of  their  inten- 

sities : — 

ciUi  aug 

This  expression,  equated  to  zero,  gives  the  condition  that  the  two 
Dynames  be  rectangular. 

If  three  screws,  a,  /3,  y,  be  all  parallel  to  the  same  plane,  and  if  0 
be  a  screw  normal  to  that  plane,  then  we  must  have 

dR dui 

^    dR 
dR 

dR 
dy^ 

dyo 

11.,  VOL.  Ill, — .SCIENCE. 3r 
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Since  a  screw  of  a  thi-ee-systeni  can  be  drawn  parallel  to  any  direc- 
tion, it  will  be  possible  to  make  any  three  of  the  quantities  6^,  . . .  6^ 

equal  to  zero.  Hence,  we  have  as  the  condition  that  the  three  screws, 

a,  p,  y,  shall  be  all  parallel  to  a  plane  the  evanescence  of  all  the  de- 
terminants of  the  type 

dR dR 
dR 

da,' 

da..'
 

das 

dR dR 
dR 

dp,' 

dIBo 

dp. 

dR 
dR 

dR 

dy,'
 

dy. 
dyz 

If  the  three  screws,  a,  p,  y,  be  co-cylindiical,  these  conditions  must 
of  course  be  fulfilled;  but  in  this  case  the  required  conditions  can  be 
expressed  more  simply,  for  we  must  have  equations  of  the  type 

7i  =  Xai  +  fxjS,, 

76  =  Aas  +  /x/?6, 

so  that,  if  the  three  screws  be  co-cylindroidal,  every  determinant  of 
the  type 

Pu 

«!, 

as, 

^2, 

A, 

73 

must  be  equal  to  zero. 
The  locus  of  the  screws  9  perpendicular  to  a  is  represented  by  the 

equation 

e.f   .   .   .   .ft'^.o. aa,  (lag 

If  we  assume  that  the  screws  of  reference  are  coreciprocal,  then 
the  equation  just  written  can  only  denote  all  the  screws  reciprocal  to 
the  one  screw  whose  co-ordinates  are 

1  dR 

2h  da' 

1  dR 

p^doQ It  is  manifest  that  all  the  screws  perpendicular  to  a  given  line 
cannot  be  reciprocal  to  a  single  screw  unless  the  pitch  of  that  screw  be 
infinite,  otherwise  the  condition 

{Pa  +  l^d)  cos  ̂   -  d  sin  (;/)  =  0 
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could  not  be  fulfilled.     We  therefore  see  that  the  co-ordinates  just 
written  can  only  denote  those  of  a  screw  of  infinite  pitch  parallel  to  a. 

If  a;  be  a  variable  parameter,  then  the  co-ordinates 

x    clR  X    dR 
ai  +  -  .  -—  ,      .      .      .      as  +  —  .  -7- 

must  denote  a  screw  of  variable  pitch  x  on  the  same  screw  as  a.  "We are  thus  conducted  by  a  more  direct  process  to  the  results  previously 
obtained  {Screivs,  p.  100). 

We  may  also  consider  that  function  of  the  co-ordinates  of  a  Dyname 
which,  being  always  proportional  to  the  pitch,  becomes  exactly  equal 
to  the  pitch  when  the  intensity  is  equal  to  unity.  More  generally, 
we  may  define  the  function  to  be  equal  to  the  pitch  multiplied  into  the 
square  of  the  intensity,  and  it  is  easy  to  assign  a  physical  meaning  to 
this  function.  It  is  half  the  work  done  in  a  twist  against  a  wrench, 
on  the  same  screw,  where  the  amplitude  of  the  twist  is  equal  to  the 
intensity  of  the  wrench.  Eeferred  to  any  co-ordinates,  we  denote  this 

function  by  F"  expressed  in  terms  of  Aj  . . .  Ag.  If  we  express  the  same 
function  by  reference  to  six  coreciprocal  axes  with  co-ordinates  ai . . .  a^, 
we  have  the  result 

Piai^  +  .  .  .  iho-i  =  y- 

Forming  now  the  first  emanant,  we  have 

2piaifdi  +  .   .   .  +  2pea6(3e  =  /^i  ̂ tT    '   '    '  "^  '^^  ̂   ' 

but  the  expression  on  the  left-hand  side  denotes  the  product  of  the  two 
intensities  into  the  vertical  coefficient  of  the  two  screws ;  hence  the 

right-hand  member  must  denote  the  same.  If,  therefore,  after  the  dif- 
fererdiations  Ave  make  the  intensities  equal  to  unity,  we  thus  have  the 
following  expression  for  the  virtual  coefficient  between  two  screws  A 
and  /A  referred  to  any  screws  of  reference  whatever : — 

dV  dV 

d\i  dXa 

Suppose,  for  instance,  that  A  is'reciprocal  to  the  first  screw  of  refe- rence, we  have dXi 

This  can  be  verified  in  a  somewhat  instructive  manner.     We  have 
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and,  therefore,  if  A  be  reciprocal  to  the  first  screw  of  reference,  the 
formiila  to  be  proved  is 

Xn_i    ̂   2X'p—  =0. 

A  few  words  will  be  necessary  on  the  geometrical  signification  of 
the  differentiation  inyolved.  Suppose  a  Dyname  X  to  be  referred  to 
six  co-ordinate  screws  of  absolute  generality,  and  let  us  suppose  that 
one  of  these  co-ordinates,  for  instance  Xi,  be  permitted  to  vary,  the 
corresponding  situation  of  X^  also  changes,  and  consideriag  each  one  of 
the  co-ordinates  in  succession,  we  thus  have  sis  routes  established  along 
which  A  will  travel  in  correspondence  with  the  growth  of  the  appro- 

priate co-ordinate.  Each  route  is,  of  course,  a  ruled  surface  ;  but  the 
conception  of  a  mere  surface  is  not  adequate  to  express  the  route.  We 
must  also  associate  a  linear  magnitude  with  each  generator  of  the  sur- 

face, which  is  to  denote  the  pitch  of  the  corresponding  screw.  Taking 
A  and  another  screw  on  one  of  the  routes,  we  can  draw  a  cylindroid 
through  these  two  screws.  It  will  now  be  proved  that  this  cylindroid 
is  itself  the  locus  in  which  a  moves,  when  the  co-ordinate  correlated 
thereto  changes  its  value.  Let  6  be  the  screw  arising  from  an  increase 

in  the  co-ordinate  Aj ;  a  wrench  on  6  of  intensity  0"  has  components  of 
intensities  6"i,  .  .  .  0"e.  A  wrench  on  A  has  components  A"i  .  .  .  A'V 
But  from  the  nature  of  the  case. 

0".  _  6"z A".!      A  s 

A" 

If  therefore  6"  be  suitably  chosen,  we  can  make  each  of  these  ratios 
-  1,  so  that  when  6"  and  A"  are  each  resolved  along  the  six  screws  of 
reference,  all  the  components  except  6"i  -  X"i  shall  neutralize.     But  this 

can  only  be  possible  if  the  first  reference  screw  lie  on  the  cylindroid 
containing  9  and  A.  Hence  we  deduce  the  result  that  each  of  the  six 
cylindroids  must  pass  through  the  corresponding  screw  of  reference ; 
and  thus  we  have  a  complete  identification  view  of  the  route  travelled 
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by  a  screw  in  correspondence  with  the  variation  of  one  of  its  co-ordi- 
nates. 

Let  the  six  screws  of  reference  be  1,  2,  3,  4,  5,  6.  Form  the  cy- 
lindroid  (A,  1),  and  find  that  one  screw  -q  on  this  cylindroid  which  has 
with  2,  3,  4,  5,  6,  a  common  reciprocal.  Let  the  adjoining  figure  be 
a  pencil  of  four  rays  parallel  to  four  screws  on  the  cyKndroid.  Let  OA 

be  parallel  to  one  of  the  principal  screws  ;  OX  be  parallel  to  A,  Orj  to  -q, 
and  Ol  to  the  first  screw  of  reference.  Let  the  angle  A  Ol  be  denoted 
by  A,  the  angle  A  Or]  by  B,  and  the  angle  A  OX.  by  0.  To  find  the 

component  Aj  we  must  decompose  A',  a  twist  on  A,  into  two  component?, 
one  on  t],  the  other  on  I.  The  component  on  r]  can  be  completely 
resolved  along  the  other  five  screws  of  reference,  since  the  six  form  one 
system  with  a  common  reciprocal.  If  we  denote  by  ?/  the  component 
on  7],  we  then  have 

sin(^  -  A)      sin(</)  -  £)      sin(<^  -  A) ' 

and  if  a  and  i  be  the  pitches  of  the  two  principal  screws  on  the  cylin- 
droid, we  have  for  the  pitch  of  A  the  equation 

p  =  a  cos^  6  +  b  sin^  0  ; 

cause  tl 

the  screw  along  this  cylindroid. 

AT  X         ,sin(0-5) 
Now  Ai  =  7]'  ̂ -J   -(, sin(0  -A) 

and  as  the  other  co-ordinates  are  to  be  left  unchanged,  it  is  necessary 
that  7]'  be  constant,  so  that 

^_    ,sin(^-^) ^""^  sin-(<^-^)' 

and  hence  -f-  ̂ (b-a)sm  Id,  ■  ,  .  ̂--   -'-. 
dXi  7]  sm.{J5-A) 

Also  — -  =  —  .^=7- =- cos(^  -  ̂ ). 

dXi     d4>    «Ai  "•  ^ 

Hence,  substituting  in  the  equation 

^,dp       ̂    dX' 

we  deduce  a  =  h  tan  ̂   tan  A  ; 

but  this  is  the  condition  that  A  and  the  first  screw  of  reference  shall  be 

reciprocal  {Screws,  p.  37). 

also  -^^  =  -J-  .  -^,  because  the  effect  of  a  change  in  Aj  is  to  move 
dXi      d(p    dXi 
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The  emanants  of  the  second  degree  are  represented  by  the  equation 

r.       d 
0    '^■'v  ̂     f     d 

d  V„ 

do-i ■*^'iK]^' 

"syhen  F  is  the  fimction  into  which  /  becomes  transformed  when  the 
co-ordinates  are  changed  from  one  set  of  screws  of  reference  to  another. 
If  we  take  for /either  of  the  functions  already  considered,  these  equa- 

tions reduce  to  an  identity  ;  but  retaining /in  its  general  form,  we  can 
deduce  some  results  of  very  considerable  interest.  The  discussion 
which  now  follows  was  suggested  by  the  very  ingenious  reasoning 

employed  by  Professor  Burnside  in  the  theory  of  orthogonal  transfor- 

mations (see  AYilliamson's  Bijferential  Calcidus,  p.  412). 
Let  us  suppose  that  we  transform  the  function /from  one  set  of  co- 

reciprocal  screws  of  reference  to  another  system.  Let  ̂ 1  ...  ̂ s  he  the 
pitches  of  the  first  set,  and  qi,  ...  q^  be  those  of  the  second  set.  Then 
we  must  hare 

Pifii^  +  .  .   .  +  2hfi6~  =  SiH-i-  +  •   .   •  +  qelJ-^', 

for  each  merely  denotes  the  pitch  of  the  Dyname  multiplied  into  the 
square  of  its  intensity.  Multiply  this  equation  by  any  arbitrary  factor 
X  and  add  it  to  the  preceding,  and  we  have 

^^^^    •    •    •   ̂f^dXe]^'-''^^'^-'^   ■    ■    ■   -'^^^^'^- 
Regarding  /3i,  .  .  .  ,8e  as  yaiiables,  the  first  member  of  this  equation 

equated  to  zero  would  denote  a  certain  screw  system  of  the  second 

degree.  If  that  system  were  "  central"  it  would  possess  a  certain 
screw  to  which  the  polars  of  all  other  screws  would  be  reciprocal,  and 
its  discriminant  would  vanish  ;  but  the  screw  /3  being  absolutely  the 
same  as  /a,  it  is  plain  that  the  discriminant  of  the  second  side  must  in 

such  case  also  vanish.  "We  thus  see  that  the  ratios  of  the  coefficients 
of  the  various  powers  of  x  in  the  following  determinant  must  remain 

unchanged  when  one  co-reciprocal  set  of   screws  is  exchanged  for 

=  0. cri .       -i_u   \> X  J.LJJJ.^      LJ-LU     '-IV^I.A^J.  i-U.JJJ.ClJJ.U      \\ 

V,     JJL 

dai  .  doo 

11  +  xpi, 12           ,13           ,   14 ) 15           ,    16 

21 
22  +  xpo,  23          ,24 > 25           ,  26 

31 32           ,   33  +  xpi,   34 ) 35           ,  36 

41 42           ,43           ,   44-f 

xpi, 

45           ,  46 

51 52           ,53           ,54 55  +  xpi,  56 

61 62           ,63           ,   64 65           ,   66  +  xps 
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Take  for  iiibtaiice  the  coefficient  of  x^  dividecl  by  that  of  .?-,  which 
is  easily  seen  to  be 

\_    dr£  !_    (l-f  _ 
Pi  '  dai^         •      .      •         ̂ ^  •  ̂ ^^,  , 

and  wo  learn  that  this  expression  will  remain  absolutely  unaltered 
provided  that  we  only  change  from  one  set  of  co-reciprocals  to  another. 
In  this /is  perfectly  arbitrary.  Let  us  take  it  for  instance  to  be  the 
function  H,  or  the  square  of  the  intensity,  and  we  see  that 

111111 
-+-+-+-  +  -+  - 
2h     Pz     Ih     Pi     p-o     P^ 

must  be  an  absolute  constant  so  long  as  we  are  only  concerned  with  a 
group  of  co-reciprocal  screws.  It  is  easily  shown  that  this  constant  is 
zero,  and  thus  we  have  a  theorem  otherwise  proved  in  Screios,  p.  149, 
and  of  which  the  present  theory  may  be  regarded  as  a  generalization. 

It  will  be  readily  seen  that  numerous  results  can  be  obtained  from 
the  different  coefficients  of  the  powers  of  x,  the  absolute  term  being 
for  instance  the  Hessian.  The  functions  added  to  the  emanants  might 
also  be  an  arbitrary  factor  multiplied  into  R.  Indeed  if  the  discrimi- 

nant were  formed  of  the  function 

it  would  be  easy  to  show  that  the  ratios  of  the  coefficients  must  be  in- 
dependent of  the  screw  of  reference  so  long  qis  they  were  co-reciprocal, 

and  thus  a  multitude  of  functions  of /would  be  obtained  which  retain 
their  form  so  long  as  the  screws  of  reference  are  co-reciprocal.  Wc 
might  even  discard  this  last  condition  by  writing  for  the  factor  multi- 

plied by  X  the  most  general  value  of  the  pitch  multiplied  by  the  square 

'  of  the  intensity. 



670  Proceedings  of  the  Royal  Irish  Academy. 

XC. — Notes  on  the  Floka.  of  Lambay  Island,  County  op  Dublin. 
By  H.  C.  Hakt,  B.A. 

[Read,  November  13,  1882.] 

The  Island  of  Lambay  is  situated  off  the  east  coast  of  Dublin,  at  a 
distance  of  two  and  a-half  miles  from  the  nearest  land  at  Portrane. 
It  is  somewhat  hexagonal  in  shape,  and  contains  an  area  of  595  acres, 
of  which  only  a  small  part  is  under  cultivation.  The  western  is  the 
cultivated  portion  of  the  island,  which  is  devoted  to  dairy  farming,  and 
the  butter  of  Lambay  is  famed  for  its  excellence. 

From  Lambay  Head,  the  eastern  extremity,  to  the  point  north  of 

Talbot's  Bay  on  the  west,  is  a  distance  of  a  mile  and  two-thirds,  while 
the  island  is  about  a  mile  across  from  north  to  south  in  several  places. 

With  the  exception  of  a  small  strip  of  land  at  the  harbour  on  the 
west,  the  coast  is  for  the  most  part  precipitous.  From  the  western 
side  the  island  rises  to  a  height  of  a  little  over  four  hundred  feet,  and 
most  of  its  eastern  side  is  bound  with  cliffs  from  two  to  three  hundred 

feet  high.  These  cliffs  are  favourite  breeding  places  for  several  species 
of  sea-fowl,  which  resort  here  in  great  numbers  from  May  to  August. 
Here,  also,  the  raven  and  peregrine-falcon  breed  annually.  The  island 
is  well  stocked  with  rabbits,  which  are  preserved  by  the  owner,  Lord 
Talbot  de  Malahide.  There  are  three  families  on  Lambay,  and  there  is 
an  old  castle,  at  one  time  the  residence  of  Archbishop  TJssher,  in  which, 
through  the  kindness  of  Mr.  Dillon,  the  agent  for  the  property,  I  was 
enabled  to  obtain  accommodation  during  my  visit. 

Lambay  is  principally  composed  of  porphyritic  felstone  of  Lower 
Silurian  age,  and  is  of  much  geological  interest.  Graptolites  and  Bala 
fossils  have  been  obtained,  and  there  is  a  remarkable  exposure  of  con- 

glomerate lying  below  a  sheet  of  Old  Bed  Sandstone  at  sea  level  just 
inside  Scotch  Point.  The  formation  of  Lambay  is,  probably,  continuous 
with  that  of  the  shore  south  of  Portrane,  near  the  Martello  Tower. 

Besides  many  former  visits  of  a  day's  duration,  I  spent  four  days 
in  the  summer  of  1881  on  Lambay,  and  a  similar  time  in  the  spring  of 
the  present  year.  During  my  last  visit  I  had  the  company  of  my 
friend  Mr.  Richard  Barrington,  whose  assistance  rendered  me  better 
satisfied  that  the  work  was  thoroughly  done. 

Owing  to  the  absence  of  sandy  shores  or  salt  marshes,  except  in 
the  smallest  quantity,  several  common  maritime  plants  do  not  appear 
in  the  flora.  Again,  with  the  exception  of  a  couple  of  wells,  and  two 
or  three  small  rivulets,  there  is  no  abode  for  marsh  or  aquatic  plants, 
which  are,  accordingly,  very  poorly  represented.  On  the  other  hand, 
some  local  species  grow  here  in  great  abundance,  while  visitors  in  the 
early  season  are  astonished  by  the  extraordinary  profusion  of  several 
showy  flowers  which,  in  their  turn,  deck  the  island  with  carpets  of 
red  and  pink,  mauve,  white,  and  yellow.     These  are  chiefly  bluebells. 
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primroses,  sea  pink,  red  campion,  sea  campion,  and  sea  feverfew.    Tlie 
abundance  of  red  campion  is  a  highly  noticeable  feature  in  Lambay. 

It  might  appear  that  an  island  so  well  known  and  easy  of  access 
from  Dublin  as  Lambay  would  be  devoid  of  fresh  interest,  especially 
as  it  has  been  always  a  favourite  resort  for  naturalists.  To  show  that 
this  is  not  the  case,  I  will  enumerate  some  rare  or  local  plants  which 
have  not  been  previously  noticed  upon  the  island,  and  serve  to  show 
the  interesting  nature  of  its  flora. 

Aralis  thaliana.  -jHyoscyamus  niger. 
Parnassia  palustris.  Statice  occidentalis. 
Geranium  pusillum.  Scilla  verna. 

Er odium  mar itimum.  -jlris  foetidissima. 
Trifolium  striatum.  Blysmus  rufus. 
Vicia  lathyroides.  Carex  vulpina. 

(Enanthe  crocata.  ■  ,,     extensa. 
Torilis  nodosa.  OpMoglossum  vulgatum. 
Apium  graveolens.  Polypodium  vulgatum,  var. 
Myosotis  coUina.  semi-lacerum. 

Of  the  above.  Geranium  pusillimi  is  the  rarest ;  a  single  habitat  in 
Clare,  and  a  couple  in  Antrim,  are  the  only  certainly-known  Irish 
localities  for  this  plant,  and  its  occurrence  in  Lambay  is,  therefore, 
highly  important.  Iris  fcetidissima  grows  on  cliffs  covered  with  vege- 

tation in  three  or  four  patches  near  one  another  on  the  north  side  of 
the  island :  this  station  is  quite  apart  from  cultivation,  nor  does  the 
plant  occur  about  the  castle,  or  cottages,  or  elsewhere  upon  the  island. 
It  is  a  native  plant  all  along  the  west  of  England,  as  far  north  as 

Durham,  and  belonging  as  it  does  to  Mi'.  Watson's  English  type  of 
distribution,  which  is  well  represented  upon  Lambay,  it  is,  perhaps, 
unreasonable  to  challenge  it.  It  occurs  in  considerable  quantity  in 

several  places  upon  Howth  and  upon  Ireland's  Eye,  but  always  near 
houses,  as  if  introduced,  and  the  bright- coloured  seeds  may,  perhaps, 
have  been  carried  from  there  to  Lambay  by  birds.  Mr.  More  does 
not  believe  it  to  be  native  in  Ireland.  Trifolium  striatum,  a  very  rare 
plant  in  Ireland,  is  plentiful  on  Lambay,  where  it  appears  to  have 
been  mistaken  for  T.  maritimum.  The  lover  of  ferns  will  find,  too,  a 
handsome  variety  of  the  Polypody,  Polypodium  semi-lacerum,  upon  the 
same  banks  as  the  Iris  fmtidissima. 

The  luxuriance  of  showy  flowers  has  already  been  mentioned ;  the 
abundance  of  some  either  local  or  less  common  sj)ecies  is  also  a  feature 
of  interest.  Myosotis  collina  is  very  abundant  all  round  the  margin,  a 
little  inside  the  rocky  coast,  while  on  the  rocks  themselves  Inula  critli- 
moides  and  Crithmum  maritimum  occur  plentifully ;  Scilla  verna  forms 
the  sod  in  many  places,  as  at  Scotch  Point,  near  the  sea;  Erodium 
maritimum  covers  the  ground  with  closely  prostrate  growth,  especially 
on  the  dry,  sandy  soil  about  the  rabbit-warren  on  the  southern  side ; 
in  thickets  of  brambles  on  the  northein  side  of  the  island  Agrimonia 
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eupatorium  is  unusually  common,  while  in  similar  situations  near  the 
cliffs  on  the  east,  Arum  maculatum  is  plentiful. 

One  of  the  most  interesting  "finds"  I  made  on  Lambay  was  that 
of  an  extraordinary  luxuriant  growth  of  Ofliioglossum  vulgatum,  at  the 
eastern  end  of  the  island,  about  a  hundred  and  fifty  yards  inland  south- 

wards from  Freshwater  Bay,  at  the  east  side  of  the  stream.  This  patch 

extends  over  more  than  an  acre  and  a-half  of  ground,  and  is  so  closoh' 
grown  that  a  sod  of  six  inches  square  will  often  contain  over  a  dozen 
fronds. 

There  is  a  distinct  preference  shown  by  several  species  for  the 
southern  shores  of  the  island,  or  it  might  be  nearer  the  truth  to  say 
that  these,  as  a  rule,  avoid  the  northern  coast  from  Lambay  Head  to 
Scotch  Point :  these  are — 

Viola  hirta.  Cynoglossiim  officinale. 
Geranium  sanguineum.  Lycop&is  arvensis. 
Erodium  maritimimi.  Statice  occidentalis. 

Trifolium  striatum.  Beta  maritima. 
Leontodon  hirtus.  Arwn  maculatum. 

This  preference  is  due,  no  doubt,  to  some  superiority  of  aspect  or 
climate,  since  the  situations  are  in  other  respects  similar.  Except  this 
negative  one,  the  north  side  has  no  characteristic  peculiarity  in  its 
flora.  It  must  be  borne  in  mind  that  all  the  botanical  interest  of  the 

island  lies  around  the  margin. 
There  are  no  indigenous  trees  upon  Lambay ;  sycamore,  ash,  beech, 

and  hawthorn  have  been  introduced  in  the  neighbourhood  of  the  castle, 
but  these  have  hardly  spread  themselves.  Elder,  blackthorn,  and 
perhaps  one  sallow  appear  to  be  the  only  native  shrubs.  Eurze  occurs 
in  a  naturalized  state,  having  spread  to  wild  stations  at  the  eastern  side 

and  about  Eaven's  Eock ;  it  was,  however,  introduced  for  fencing  pur- 
poses about  twenty-five  years  ago,  as  I  am  informed  by  Mr.  Moncks, 

the  caretaker.  Brambles  form  a  dense  and  tangled  undergrowth  in 
many  parts  of  the  island  to  the  exclusion  of  other  species. 

The  absence  of  several  plants  which  are  abundant  on  Howth,  a 
promontory  eight  or  ten  miles  from  Lambay,  with  a  similar  flora,  may 
be  noticed.  Amongst  these  are  Sarothamnus  scoparius,  JJlex  europceus 
and  U.  na7ius,  Ononis  arvensis,  Artemisia  vulgaris,  Senecio  sylvaticus, 
Salix  repens,  &c. 

I  am  confident  that  few  plants  have  escaped  my  repeated  searches 
over  the  island ;  nevertheless,  the  absence  of  some  common  ones  was 

unexpected,  for  example  : — 

[Stellaria  holostea.  Pedicularis  sylvatica, 
Bunium  flexuosum.  Car  ex  stellulata. 
Daiicus  carota,  C.  trinervis. 

Achillea  millefolium.  Blechnum  loreale. 
Ghrysanthcmiim  leucanlhciuiuiu 
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The  Lambay  flora  is  a  very  natural  one  ;  there  is  little  cultivation, 
and  the  introduced  plants  are  few  in  number,  sparingly  established, 
and,  as  I  think,  easily  detected.  Disregarding  several  sub-species  or 
varieties,  the  flora  consists  of  291  flowering  plants  and  ferns,  of  which 
33  species  are  probably  not  native. 

FLORA  OF  LAMBAY. 

Ranuncuiace^. 

Ranunculus  hederaceus  (Linn.) — Raven's  "Well,  and  by  the  castle, 
R.  flammula  (Linn.) — Frequent. 
R.  repens  (Linn.) — Common. 
R.  bulbosus  (Linn.) — About  Scotch  Point  and  elsewhere. 
R.  acris  (Linn.) — Frequent. 
R.ficaria  (Linn.) — Common  round  the  coast. 

Caltha  palustris  (Linn.) — Raven's  Well. 

Papaveeace^. 

\_Papaver  somniferum  (Linn.) — Below  Coastguard  Station,  an  escape.] 
*P.  rhceaS'iJArm.) — Cultivated  fields  near  the  harbour. 
*'P.  dulium  (Linn.) — Do. 

FUMAEIACE^. 

XFumaria  officinalis  (Linn.) — Cultivated  ground  near  the  harbour. 

CEtrcrFERiE. 

Calcile  maritima  (Scop.) — Sparingly  south  of  harbour. 
XRaphanus  raphanistrum  (Linn.) — On  the  shore  near  the  Coastguard 

Station,  very  closely  approaching  R.  maritimus. 

XSinapis  arvensis  (Linn.) — Cultivated  ground  and  waste  places  near 
the  castle. 

]S.  alba  (Linn.) — "With  the  last,  scarce. 
\Sisymbriuni  officinale  (Scop.) — Borders  of  fields,  pathways,  &c. ;  pro- 

bably native,  but  not  plentiful. 
Cardamine pratensis  (Linn.) — Above  Calico  Bay. 
C.  hirsuta  (Linn.) — In  several  places. 
Aralis  thaliana  (Linn.)     Banks  above  the  sea  at  Broad  Bay  and 

Grillap.     This  is  a  rare  and  very  local  plant  in  Ireland.     In  the 
County  Dublin  I  have  only  met  with  it  upon  Howth. 

"  Nasturtium  officinale  (Brown.) — In  two  or  three  places  by  the  brooks. 
Cochlearia  officinalis  (Linn.) — Common. 

'iBrala  verna  (Linn.) — I  believe  I  gathered  withered  stalks  of  this 
species,  but  am  not  certain. 

'^'Thlaspi  arvense  (Linn.) — A  colony  appeared  in  enclosed  ground  at 
the  castle,  1882. 

Capsella  bicrsa-pastoris  (Moench.) — Frequent. 
XSeneliera  coronopm  (Poir.) — By  the  harbour  and  cottages. 
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Resedact^. 

\Reseda  luteola  (Linn.) — Sparingly  near  the  castle,  and  by  the  side  of 
the  field  between  it  and  Saltpan  Bay. 

VlOIACE^. 

Viola  hirta  (Linn.) — Near  the  sea  at  Gouge  Point;  between  Lambay 
Head  and  Sunk  Island,  near  the  sea  in  two  places ;  by  the  well 
close  to  the  castle,  and  elsewhere.  Chiefly  on  the  southern  side 
of  island. 

V.  syhatica  (Fries.) — Frequent.     Chiefly  V.  reichenbachiana. 
V.  tricolor  (Linn.) — Cultivated  fields. 

PoLTGALACEiE. 

Polygala  vulgaris  (Linn.) — Common.  Yar.  depressa  ("Wender)  occurs 
at  Raven's  Rock. 

Caetophtllace^  . 

Silene  maritima  (With.) — Abundant. 
Lychnis  diurna  (Sibth.) — Covers  many  parts  of  the  island  with  its 

rose-coloured  blossoms  in  the  earliest  summer,  especially  amongst 
the  thickets  of  blackberry  a  little  inland. 

L.  flos-cucuU  (Linn.) — By  the  stream  into  Carnoon  Bay. 
Cerastium  tetrandrum  (Curt.) — Pilots'  Hill,  &c. 
C.  glomeratum  (Thuil.) — Banks  by  the  sea  on  the  north  side. 
C.  triviale  (Link.) — Common. 
C.  arvense  (Linn.) — Plentiful. 

Stellaria  media  ("With.) — Frequent. 
>S'.  graminea  (Linn.) — South-east  side  of  Heath  Hill,  near  the  sea. 
>S^.  uliginosa  (Murr.) — Raven's  Well. 
Honchenya  peploides  (Ehr.) — Sparingly  near  the  harbour. 
Sagina  maritima  (Don.) — Frequent ;  Scotch  Point,  &c. 
S.  procumhens  (Linn.) — Frequent. 
XSpergula  arvensis  (Linn.) — Cultivated  fields,  frequent. 
Lepigonwn  rupicola  (More.) — Frequent. 

Hypeeicace^;. 

Hypericum  tetrapterum  (Fries.) — In  several  places. 
H.  pidchrum  (Linn.) — West  side  of  island  near  the  castle. 

Malvacej*:. 

Malva  sylvestris  (Linn.) — Frequent. 

Linages. 

Linum  catharticum  (Linn.) — Common. 
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Gekaniace^. 

Geranium  sangiiineum  (Linn.) — On   south   and   west  side  of  island ; 
north  of  Eaven's  Well. 

G.  molle  (Linn.) — Frequent. 
G.  pusillum  (Linn.) — I  discovered  a  considerable   quantity  of  this 

plant,  one  of  the  rarest  in  Ireland,  at  the  south-west  corner  of 
the  large  field  north  of  the  castle. 

G.   dissecUim  (Linn.) — Freqiient  by  the  coast  to  the   south  of  the 
harbour  and  elsewhere. 

G.  rolertianum  (Linn.) — In  stony  places  behind  the  castle,  sparingly. 
Erodmm  cicutarium  (Herit.) — Frequent. 

-£*.  mariUmum  (Sni.) — Especially  abundant  about  the  rabbit-warren 
at  the   south  of  the  island ;  it  forms  a  green  sward  frequently 
round  the  rabbit- holes,  and  appears  to  be  the  only  plant  permitted 
to  do  so.     Frequent  all  round  Lambay,  except  on  the  northern 
face,  where  it  seems  hardly  able  to  exist. 

Oxalis  acetoseUa  (Linn.) — Sparingly  in  shady  ground  near  the  castle. 

Leguminos^. 

^Ulex  euro2)(Biis  (L.) — Introduced  for  fencing  purposes,  about  twenty- 
five  years  ago.  It  has  spread  to  wild  stations  on  the  eastern  side, 
and  about  Raven's  Rock. 

Anthyllis  vulneraria  (Linn.) — Frequent. 
XMedicago  lupulina  (Linn.) — By  a  cottage,  and  on  the  borders  of  the 

large  field  north  of  the  cagtle. 

TrifoUum  pratense  (Linn.) — Common,  and  I  believe  native  on  grassy 
banks  by  the  sea. 

T.  arvense  (Linn.) — Along  the  shore  from  the  harbour  to  Scotch 
Point,  and  along  the  north  side  of  the  island  in  several  places ; 
not  common. 

T.  striatimi  (Linn.) — Plentiful  in  pasturage  above  the  harbour  and 
along  the  shore  to  Scotch  Point ;  east  of  the  castle  above  a  cot- 

tage and  by  the  shore  a  little  south  of  harbour  beyond  the  Coast- 

guard Station.  In  the  "  Flora  Hibernica"  Trifolium  maritimum  is 
said  to  grow  on  Lambay ;  probably  the  present  species  was  mis- 

taken for  it. 

T.  repens  (Linn.) — Frequent. 
T.  minus  (Sm.) — Frequent. 
Lotus  corniculatus  (Linn.) — Common, 

f  Vicia  hirsuta  (Koch.) — South-west  side  of  island  by  the  shore,  and  in 
cultivated  fields  near  the  Coastguard  Station. 

Vicia  cracca  (Linn.) — Banks  by  the  shore  at  Talbot's  Bay. 
V.  sepiwn  (Linn.) — Frequent. 
V.  angustifolia  (Roth.) — By  the  shore  south  of  harbour,  &c. ;  east 

coast  of  Lambay. 
V.  lathjroides  (Linn.) — Under  Tinian  Hill,  above  the  sea,  on  the  east 

side  of  Lambay. 
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'^''Vicia  sativa  (Lmn.) — In  several  places  amongst  cultiTated  grounds. 
Lathy rus  pratemis  (Linn.) — Scarce;    above  the  sea  at  Calico  Bay, 

and  on  dry,  hilly  ground  south-east  from  the  castle. 

Rosacea, 

Prxmus  spinosa  (Linn.) — South-east  from  the  castle,  not  common. 
Sjnra^a  ulmaria  (Linn.) — Ey  the  sides  of  the  rivulets. 
Ayrimonia  eupatoria  (Linn.) — Tery  abundant  in  several  places. 
AlchemilJa  arveims  (Scop.,  Linn.) — Common. 
PotentiUa  tormentilla  (Schenk.) — Frequent. 
P.  reptans  (Linn.) — Frequent. 
P.  anserina  (Linn.) — Frequent. 
Fray  aria  vesca   (Linn.) — Frequent   at   the  south-west  part   of   the 

island. 

n  7  •   -^  7-     /TP-    0  -v  \  "1  These  appeared  to  me  to  be  the  forms Kimis  carptmfohus  {\\ .  &JS.)  f        n  -.   ̂ ^-ui  ^-     -^.t,    ̂ -v     i  +^ „      .„.    -^,.  •;        o  AT  \  }      of  bramDles  met  TVith,  the  iatter ±1.  vilkcaulis  (W.  &  jN.)  (      -u  ■  -u     A     *. 
^  ■'  ]      being  very  abundant. 

Posa  spinosissima  (Linn.) — Common. 
R.  canina  (Linn.) — Frequent. 

^'Cratceyxis  oxyacantha  (Linn.) — Not  native. 

Ltthzeace^. 

LxjthruYii  salicaria  (Linn.) — By  the  sides  of  streams. 

OXAGEACE^, 

EpiJolium  hirsutum  (Linn.) — Xear  the  castle  in  two  or  three  places. 
F.  parvijlorum  (Schreb.) — In  several  places. 
E.  pakistre  (Linn.) — Baven's  Well,  very  sparingly. 

H-iXOEAGACE^. 

Callitriche  verna  (Linn.) — Trinity  Well,  &c.     Yaw i^tatycarpa  (Scop.) 
Frequent. 

Ceassulace^. 

Sedum  anylicum  (Huds.) — Common. 
S.  acre  (Linn.) — Common. 

Saxife,\gace^. 

Parnassia  paliistris  (Linn.) — Sparingly  by  the  stream  into  Freshwater 

Bay  about  fifty  yards  from  the  cliffs,  and  at  Raven's  Well. 
TJmbellieer^. 

Sydrocotyle  vulyaris  (Linn.) — By  the  rivulets. 
Erynyium  maritimum  (Linn.) — At  the  harbour. 



Hakt — On  the  Flora  of  Lanibay  Island.  677 

Apium  graveolem  (Linn.) — South-west  shores  of  iskmd,  in  plenty  at 
Talbot's  Bay. 

Selosciadium  nodifiorum  (Koch.) — Frequent. 
*'JEgopodvum  jyodagraria  (Linn.) — Garden-ditch  at  the  castle. 
(Enanthe  lachenalii  (Gmel.) — Talbot's  Bay. 
(E.  crocata  (Linn.) — At  a  well  below  the  cottage  a  little  south  of 

Raven's  Rock ;  on  a  bank  behind  the  cottage  immediately  above 
the  castle ;   and  in  a  deep  ditch  south-east  from  the  castle. 

X^tJiusa  cynapium  (Linn.) — IN'ear  the  castle. 
Crithmum  maritwmm  (Linn.) — Abundant. 
Angelica  sylvestris  (Linn.) — Near  the  castle  and  elsewhere. 
Ileracleum  sphondyliwn  (Linn.) — Very  abundant  on  cliffs  at  Saltpan 

Bay  and  elsewhere. 
Torilis  nodosa  (Gaert.) — In  the  same  locality  as  Geranium  pxmllam. 
Cheer opliyllum  sylvestris  (Linn.) — Shady  ground  about  the  castle. 
Conium  maculatiim  (Linn.) — By  the  shore  on  the  south-west  side  of 

the  island ;  apparently  native  a  little  north  of  Raven's  "Well  on the  hill  side ;  and  near  the  castle. 

AEALIACEiE. 

Hedera  helix  (Linn.) — Frequent. 

Caprifoliace^. 

Samhucus  nigra  (Linn.) — A  characteristic  plant,  and  the  only  conspi- 
cuous native  shrub  on  Lambay.  Abundant  on  banks  above  Broad 

Bay  and  Saltpan  Bay  ;  Knockbane  ;  Seal  hole,  &c. 
Lonicera periclymenum  (Linn.) — Frequent. 

RuBIACE^t 

Galium  saxatile  (Linn.) — Heath  Hill,  &c. ;  not  common. 
G.  verum  (Linn.) — Frequent. 
G.  aparine  (Linn.) — Frequent,  especially  among  shingle  on  the  shore 

on  the  south-west. 

XSherardia  arvensis  (Linn.) — Cultivated  field  south  of  castle. 

DlPSACE^, 

Scabiosa  succisa  (Linn.) — Very  common. 

CoMPOSITiE. 

Carduus  tomijlorus  (Curt.) — Common. 
C.  lanceolatus  (Linn.) — Frequent. 
C.  palustris  (Linn.) — Frequent. 
C.  arvensis  (Curt.) — Frequent. 
Carlina  vulgaris  (Linn.) — Frequent. 
Arctium  intermedium  (Lange.) — Frecjuent. 
Centaurea  nigra  (Linn.) — Frequent. 



678  Proceedings  of  the  Royal  Irish  Academy. 

\  Chrysanthemum   segetum   (Linn.) — Sparingly   in   the    same   field   as 
Sherardia  arvensis. 

Matricaria  inodora  (Linn.) — Very  abundant. 

'■''Artemisia  alsinthium  (Linn.) — Established  in  the  neighbourliood  of 
two  or  three  cottages.     Much  used  "for  the  stomach"  by  the 
Irish  peasantry,  and  introduced  from  the  mainland.     This  plant 
is  not  native  on  the  east  coast  of  Ireland. 

Filago  germanica  (Linn.) — Sparingly  on  banks  above  the  sea  in  two 
or  three  places  on  the  north  side. 

Senecio  vulgaris  (Linn.) — Frequent. 
S.jacohcea  (Linn.) — Frequent. 
Inula  crithmoides  (Linn.) — Common  on  most  of  the  coast,  except  the 

northern  side. 

I.  ̂ nilicaria  (Liira.) — In  damp  places ;  frequent. 
Bellis  2^erennis  (Linn.) — Frequent. 
Aster  tripolium  (Linn.) — Only  at  the  south-west  side  of  the  island. 
Tussilago  farfara  (Linn.)— In  several  places. 
Eupatorium  cannahinum  (Linn.) — Gillap  on  the  north,  and  near  the 

seal-hole  on  the  south-east  side. 

flapsana  communis  (Linn.) — Cultivated  ground  only. 
Hypochceris  radicata  (Linn.) — Common. 
Leontodon  hirtus  (Linn.) — By  the  shore  on  the  south  side  and  south- 

west side  of  island. 

I.  autumnalis  (Linn.) — Common. 
Taraxacum  officinale  (Wigg.) — South  and  west  side  of  island. 
Sonchus  oleraceus  (Linn.)   ]    -p  j.     o  •  •  *• 
o  .  /TT  li!     \  (   l!requent;  o.  arvensis  grows  m  a  native 
a'  ■   /T-      \  i       situation  on  the  south-west  shore, o.  arvensis  (Lmn.)  J 

Hieracium  pilosella  (Linn.) — Common. 

Campanulace^. 

Jasione  montana  (Linn.) — Rocky  ground  at  Gillap  ;  scarce. 
Campanula  rotundifoUa  (Linn.) — Frequent. 

Eeicace^. 

Erica  cinerea  (Linn.) — Common. 
Calluna  vulgaris  (Salist.) — Common. 

JS'oTE. — Erica  tetralix,  which  is  not  upon  Lambay,  requires  a 
moister  climate  and  a  greater  extent  of  mountainous  country  than 
the  above  species;  it  is,  certainly,  more  local  on  the  cast  side  of 
Ireland  than  is  generally  supposed.  Its  absence  from  Howth  is 
remarkable,  and  I  have  recently  observed  that  it  is  either  rare  or  quite 
wanting  on  the  Knockmeledown  and  Cummeragh  Mountains  in  the 
County  Waterford.  I  spent  a  day  upon  each  of  these  groups  without 
meeting  with  it.  Again,  along  the  mountainous  coast  of  Waterford, 
from  Tramore  to  Youghal,  where  the  other  species  are  abundant, 
E.  tetralix  does  not  occur ;  whereas  in  similar  situations  in  the  north 
or  west  of  Ireland  it  would,  undoubtedly,  be  present.  It  is  common, 
however,  on  the  Wicklow  and  Dublin  Mountains. 
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Gentianacejs. 

JErytlirma  centaurium  (Pers.) — Yar.  pseudo-latifolia.     Prequent. 

SOLANACE-S;. 

Solanum  dulcamara  (Linn.) — By  the  rivulet  into  Carnoon  Bay. 
]nyoscyamus  niger  (Linn.) — A  good-sized  patch  near  the  seal-hole  on 

the  sonth-east  side  of  the  island. 

SCKOPHULAEIACE^ . 

Scrophularia  nodosa  (Linn.) — Very  sparingly  in  Thornchase  Valley. 
\Veronica  hederifolia  (Linn). — Ditch-banks  of  the  large  field  north  of 

castle  and  below  coastguard  station. 

+  F"      Tf    (V  '     \        )    -'^^■'■^'^  ̂ ^®  Coastguard  Station  and  near  the 
Xj^^       f-  (T-      \      \        cottages  in  two  or  three  places,  but  ap- 
+    '    "  V  )        parently  introduced. 
*  V.  huxlaumii  (Ten.) — By  a  cottage  east  of  the  castle. 

V.  arvensis  (Linn.) — Common. 
V.  serpyllifolia  (Linn.) — Near  the  castle,  &c. 
V.  officinalis  (Linn.) — Common 
V.  chamcedrys  (Linn.) — Common. 
V.  anagallis  (Linn.) — In  a  deep  ditch  south-east  from  the  castle, 
V.  leccahunga  (Linn.) — Frequent. 

JEuphrasia  officinalis  (Linn.) — Very  scarce,  Raven's  Eock  only. 
]Bartsia  odontites  (Huds.) — Prequent  about  cultivation. 

'lHhinanthus  crista-galli  (Linn.) — A  few  plants  on  the  border  of  a  field near  the  castle. 

Labiate. 

Mentha  hirsuta  (Linn.) — Prequent. 
Thyrmis  serpylkmi  (Fries.) — Common. 
Nepeta  glechoma  (Benth.) — Common. 
Prunella  vulgaris  (Linn.) — Common. 

]Galeopsis  tetrahit  (Linn.) — Cultivated  fields. 
ILamiuni  amplexicaule  (Linn.) — Cultivated  ground  near  the  Coastguard 

Station. 

fZ.  incisum  (Willd.) — Near  the  Coastguard  Station,  and  by  a  cottage, 
east  from  the  castle. 

]L.  purpureum  (Linn.) — About  the  castle. 
Teucrium  scorodonia  (Linn.) — Common. 

B0EAGINACE.a;. 

Myosotis  ccespitosa  (Schultz.) — By  a  rivulet  a  little  south  of  the  castle. 
M.  pahistris  (With.) — In  one  deep  ditch  south-east  from  the  castle. 
If.  arvensis  (Hoffm.) — South  and  east  side  of  island. 
M.  collina  (Eeich.) — Very  abundant  all  round  the  island,  though  not 

occuring  far  from  the  sea.  A  characteristic  feature  in  the  Lam- 
bay Flora. 
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Myosotis  versicolor  (Eeich.) — Frequent. 
Lycojpsis  arvensis  (Linn.) — Chiefly  on  the  south-east  side. 

^ Symphytum  officinale  (Linn.) — On  a   ditch-bank  behind  the  hes?d's 
cottage. 

Cynoylossum  officinale  (Linn.) — South-east  side  of  the  island,  near  the 
sea. 

PKIlItrLACE^. 

Primula  vulyaris  (Huds.) — Common. 
P.  veris  (Linn.) — Near  Trinity  Well,  and  in  a  meadow  near  the  castle 

(Miss  Monks.) 
Anayallis  arvensis  (Linn.) — About  rabbit  burrows  near  the  coast,  fre- 

quent.    Also  in  cultivated  fields. 

A.  tenella  (Linn.) — About  the  Raven's  Well. 
Glaux  maritima  (Linn.) — South-west  shore,  Carnoon  and  Talbot's Bay. 

Samolus  valerandi  (Linn.) — Not  unfrequent. 

Plume  AG  inace^  . 

Armeria  maritima  (AYilld.) — Common. 
Statice  occidentalis  (Lloyd.) — Eocky  coast  south-west  of  Lambay 

Head.     About  Tayleur  Bay. 

Plantagii^'ACe^. 

Plantago  major  (Linn.) — About  the  castle. 
P.  lanceolata  (Linn.) — Common. 
P.  maritima  (Linn.) — Common. 
P.  coronopus  (Linn.) — Common. 

Chenopodiace^  . 

Salsola  kali  (Linn.) — Near  the  harbour. 
Beta  maritima  (Linn.) — Abundant  on  the  southern  shore. 

^Chenopodium  album  (Linn.)— Cultivated  and  waste  ground. 
Atriplex  angiistifolia  (Sm.) — Talbot's  Bay,  &c. 
A.  deltoidea  (Bab.) — Talbot's  Bay,  &c. 
A.  lalingtonii  (Woods.) — Frequent. 
A.  littoralis  (Linn.) — A  little  south  of  the  castle.     I  did  not  meet 

with  this  plant  during  my  last  visit  to  Lambay,  but  gathered  it 
in  188L 

POLYGONIACE^. 

Rumex  nemorosus  (Schrad.) — About  the  castle. 
P.  ohtusifolius  (Aust.) — Frequent. 
P.  crispus  (Linn.) — Frequent. 
P.  acetosa  (Linn.) — Frequent. 
P.  acetosella  (Linn.) — Frequent. 

•\Polyyonum  convolvulus  (Linn.) — Cultivated  fields. 
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Polygonum  aviculare  (Linn.) — Frequent 
P.  raii  (Bab.) — Near  the  north  of  the  harbour. 
P.  persicaria  (Linn.) — Frequent. 

EuPHOEBIACEJi;. 

XPJiiphorlia  helioscopia  (Linn.) — Cultivated  fields  near  the  castle. 
XE.  peplus  (Linn.) — Cultivated  fields  near  the  castle. 

IJllTICACEAE. 

Urtica  dioica  (Linn.) — The  nettles  in  Saltpan  Bay  are  ranker  and 
more  venomous  than  any  I  ever  met  with  ;  the  effects  of  their 
stings  do  not  pass  off  for  a  couple  of  days. 

XZf.  iirens  (Linn.) — In  several  places. 

Amentipek^. 

XSalix  viminalis  (Linn.) — jS'ear  the  castle,  but  probably  introduced. 
]S.  cinerea  (Linn.) — Near  the  castle,  perhaps  introduced. 

Aeace^. 

Arum  maculatu?n  (Linn.) — South  and  south-east  sides  near  the  sea. 
Common. 

Lemnace^. 

Lemna  minor  (Linn.) — Eaven's  Well. 

NAIADACEiE. 

Zoster  a  marina  (Linn.) — Low  water  at  spring- tides  a  little  south  of 
the  harbour. 

Alismace^. 

Triglochin  palustre  (Linn.) — Sparingly  at  Bishop's  Bay. 
T.  maritimum  (Linn.) — Sparingly  at  Bishop's  Bay. 

Oechidace^. 

Orchis  latifolia  (Linn.) — One  plant  at  Eaven's  "Well,  where  it  was detected  by  Mr.  Barrington ;  but  Miss  Monks  assured  me  it  was 
usually  plentiful  there. 

Ieidace^. 

\Iris  fcetidissima  (Linn.) — Banks  above  Saltpan  Bay  in  three  places, 
and  at  the  shore  level.     See  introduction. 

■\Iris  pseudacorus   (Linn.) — Bishop's   Bay  on  the  southern  side.      I 
have  appended  the  mark  of  suspicion  in  deference  to  the  opinion 
of  Mr.  Moore. 

LlLIACE^. 

Scilla  verna  (Huds.) — Abundant  on  dry  grassy  banks  on  the  westward 
side  of  the  island  and  elsewhere. 
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Scilla  mitans  (Sin.) — Very  abundant  on  Lambay,  and  lending  a  colour 
to  tlie  slopes  in  the  spring.  The  white  variety  of  the  bluebell 
occurs  rarely. 

Lu%ida  canipestris  (W.  C.) — Frequent. 
Jimcus  maritimus  (Sm.) — South-west  side,  at  Carnoon  Bay  and  Talbot's Bay. 

J.  conglomeraUis  (Linn.) — East  side  of  Lambay. 
J,  glaums  (Sibth.) — By  the  rivulet  into  Preshwater  Bay,  and  on  the 

south-east  side. 

J.  acutiflorus  (Ehrh.) — Frequent. 
J.  lamprocarpus  (Ehrh.) — At  Scotch  Point. 
J.  supinus  (Moench.) — About  the  castle. 
J.  hufonius  (Linn.). — Frequent. 
J.  gerardi  (Lois.) — {J.  coinp)ressus,  Jacq.  var.)     Carnoon  Bay. 

Ctpeeace^. 

Schmnus  nigricans  (Linn.) — Talbot's  Bay  and  Carnoon  Bay, 
JBlysmus  rufiis  (Link.) — Carnoon  Bay ;  first  observed  by  Mr.  Barrington. 

Scirpus  savii  (S.  &  IT.) — Baven's  Well,-  stream  into  Freshwater  Bay; south-west  side  of  island. 

Eriophorum  angustifolium  (Both.) — Eaven's  "Well. 
Carcx  disticha  (Huds.) — By  Freshwater  Bay  brook,   and  in  several 

marshes  at  the  west  side. 

C.  arenaria  (Linn.) — Carnoon  Bay  and  Bishop's  Bay. 
C.  vulpina  (Linn.) — Bishop's  Bay. 
G.  vulgaris  (Fries.) — Pilot's  Hill. 
C.  glauca  (Scop.) — In  several  places. 
C.  prcRcox  (Jacq.) — Frequent,  chiefly  by  the  coast. 
C.  panicva  (Linn.) — llarshy  ground  east  of  Knockbane. 
C.  distans  (Linn.) — Common  on  the  south  and  west  shores. 
C.  extensa  (Good.) — Carnoon  Bay,  and  elsewhere  on  the  south-west 

shore. 

Cflava  (Linn.) — By  the  stream  into  Freshwater  Bay. 

C.  liirta  (Linn.) — Eaven's  "Well,  and  in  several  places  near  the  castle. 
GfiAMINE^. 

Antlioxanthum  odoratum  (Linn.) — Common. 
Bigraphis  artindinacea  (Trin.) — Sparingly  by  a  heavy  ditch  south- 

east from  the  harbour. 

\Alopecuruspratensis  CLmn.))  ̂ .  .^     -u     i.  .1  .1 
I -nil  4        n  ■      \         \^  ieids  about  the  castle. \Fnleum  pratense  (Lmn.)         ) 
Agrostis  vidgaris  (With.) — Frequent. 
A.  alia  (Linn.) — Frequent. 
A.  canina  (Linn.) — Frequent. 
Aira  flexuosa  (Linn. ) — 'Frequent. 

\A.  ccespitosa  (Linn.) — Frequent. 
A.  caryophyUea  (Linn.) — Frequent. 
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Aira prxcox  (Linn.) — Frequent. 
ArrhenatJierum  nvenaceum  (Beauv.) — Common. 
Solcus  mollis  (Linn.) — ^Northern  coast,  in  two  or  thi'ee  places. 
S.  lanatus  (Linn.) — Frequent. 
Trioclia  decumlens  (Beany.) — Hilly  ground  behind  the  castle. 

Molmt'a  ccdrulea  (Moench.) — Scarce,  a  little  east  from  the  castle. 
Glyceria  fimitans  (Brown.) — By  the  stream  into  Freshwater  Bay. 
Sclerochloa  maritima  (Lindl.) — Frequent. 
S.  rigida  (Link.) — Walls  of  castle,  farm-yard,  and  pier- wall, 
Poa  annua  (Linn.) — Frequent. 
P.  jyTatensis  (Linn.) — In  several  places. 
P.  trivialis  (Linn.) — Near  the  castle. 
Bri%a  media  (Linn.) — A  little  west  of  the  harbour. 
Cynosurus  cristatus  (Linn.) — Frequent. 
Dactylis  glomerata  (Linn.) — Frequent. 
Festuca  sciuroides  (Roth.) — Walls  by  the  castle ;  shore  between  chapel 

and  Coastguard  Station. 

F.  ovma  (Linn.),  et  F.  duriiiscula  (Linn.) — Frequent. 
F.  elatior  (Linn.) — South-west  side  at  Carnoon  Bay. 
Bromus  mollis  (Linn.) — Common. 
Brachypodium  syhaticum  (R.   &   S.) — Frequent   along   the   southern 

cliffs. 

Triticum  repens  (Linn.) — Carnoon  Bay. 
T.junceum  (Linn.) — Near  the  harbour. 
Lolium perenne  (Linn.) — Frequent. 
JSfardus  stricta  (Linn.) — Frequent. 

FlIilCES. 

Pteris  aquilina  (Linn.) — Frequent. 
Asplenium  marimim  (Linn.) — ISTew  House ;  Tayleur  Bay ;  Saltpan  Bay. 
A.  adiantum  nigrum  (L.) — Rocky  places  about  the  castle;  Calico  Bay; 

Lambay  Head. 

Atliyrium  filix-fcemina  (Bernh.) — Near  Raven's  Well;  north  side  of Knockbane. 

Scolopendrium  vulgare  (Sm.) — Calico  Bay  and  Saltpan  Bay. 
Aspiditim  angulare  (Willd.) — Grassy  cliffs  above  Calico  Bay;  rocky 

places  above  the  castle. 
Lastrcea  filix-mas  (Presl.) — North  side  of  island  at  EJnockbane,  &c. 
L.  dilata  (Presl.) — Sparingly  by  the  sea  in  Saltpan  Bay. 
Polypodium  vulgare  (Linn.) — Common  on  the  north  side ;  the  variety 

semi-lacerum  occurs  at  Calico  Bay.  This  is  the  form  that  is  usually 
called  P.  camlricum  in  Ireland,  from  which  it  differs  in  bearing 
copious  fructification  and  in  other  respects.  I  mention  this  to 

correct  the  statement  made  in  the  "  Catalogue  of  Dublin  and 
Wicklow  Plants,"  that  P.  camhricum  occurs  in  the  Dargle.  The 
Dargle  fern  is  P.  semi-lacerum,  and  I  doubt  if  true  P.  camlricum 
has  ever  been  gathered  in  Ireland.  My  brother,  Mr.  G.  V.  Hart, 
who  has  long  cultivated  the  Irish  ferns,  has  never  met  with  it. 
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OpMoglossum  vidqatum  (Liun.) — RemarkalDly  abundant  on  the  northern 

slope  of  Pilot's  Hill. 
Eqxtisetace^, 

Eqimetum  arvense  (Linn.) — Ditch-banks  east  of  the  castle. 

It  has  occurred  to  me  that  a  comparison  between  the  floras  of  an 
island  upon  the  east  and  one  upon  the  west  coast  of  Ireland  would  be 
of  interest.  Eeliable  means  for  such  a  comparison  are  available  in 

Mr.  llore's  "  Eeport  on  the  Flora  of  Inish-Bofin,  Co.  Galway,"^  an 
island  which  lies  almost  exactly  in  the  same  latitude  upon  the  west  of 
Ireland  as  Lambay  does  upon  the  east.  These  islands  are  both  devoid 
of  limestone,  and  there  is  no  geological  dissimilarity  which  would 
entail  any  important  difference  in  their  floras.  Their  coast  lines  are 
alike  in  character,  and  their  difference  in  elevation  is  trifling,  Lambay 
being  about  a  hundred  feet  higher  than  Inish-Bofin.  Inish-Bofin  has, 
however,  about  four  times  the  area  of  Lambay,  and  the  western  island 

has  also  a  great  superiority  in  possessing  "  four  small  lakes  and  a  few 
pools  with  a  considerable  extent  of  moist  and  boggy  ground  producing 

a  fair  proportion  of  water  plants,  sedges,  rushes,"  &c.  Lambay  has,  as 
we  have  seen,  neither  lake  nor  turf -bog,  and  very  little  ground  suitable 
for  any  of  the  marsh  or  aquatic  species.  The  contrast  which  I  pro- 

pose to  di'aw  has  for  its  object  the  illustration  of  the  differences  arising 
from  the  climates  of  the  two  coasts,  and  geographical  distribution. 
Probably  these  influences  alone  are  the  causes  why  many  of  the  Lam- 

bay plants  do  not  or  could  not  exist  upon  Inish-Bofin.  On  the  other 
hand  many  of  the  Inish-Bofin  plants  which  do  not  occur  upon  Lambay 
are  absent,  in  all  likelihood,  simply  from  surface  conditions  and  the 
want  of  sufficient  water. 

Prominent  amongst  them  are  : — 

Rammcuhis  heterophyllus,  et  vars.,  Potamogeton  piisillus, 
Drosera  rotundifolia,  P.  natans. 
Myriophyllmn  alterniflorum,  P.  polygonifolius, 
GaJitim  palustre,  Phragmites  communis, 
Ifontia  fontana,  Eleocharis  palustris, 
Ifenyantlies  trifoliata,  Carex  ampidlacea, 
Polygonum  am^diihium,  Equisetum  limosum. 
Nartheciuvi  ossifragum, 

These  are  all  found — for  instance,  upon  the  adjacent  promontory  of 
Howth,  and  are  unimportant  for  the  purpose  which  I  have  in  view. 
They  will  be  omitted  in  my  comparative  list  as  being  merely  acciden- 

tal absentees. 

"While  upon  this  subject  I  will  venture  to  make  a  remark  on  the 
comparison  which  Mr.  More  institutes  in  the  above-mentioned  "Re- 

port" between  the  flora  of  Inish-Bofin  and  that  of  the  Isles  of  Aran, 
Galway  Bay ;  taking  his  data  for  the  latter  from  a  list  published  by 
me  in  1 875 — a  list  which  is  confessedly  incomplete.    In  that  publication 
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I  laid  particular  stress  tipou  "  the  absence  of  turfy  bogs  and  scarcity 
of  damp  ground  which  entails  a  great  want  of  marsh  and  heath  plants, 

sedges,  and  nishes,"  &c.  The  result  of  this  is  that  Mr.  More  can 
enumerate  ninety-two  plants  upon  Bofin  which  do  not  occur  upon 
Aran,  against  161  Aran  plants  which  are  absent  from  Bofin.  Of  these, 
the  majority  are,  in  all  probability,  absent  from  Aran  in  consequence  of 
this  accidental  want  of  marshy  ground  and  in  no  respect  from  climate, 
geological  structure,  or  geographical  situation.  The  omission  of  this 
consideration  renders  the  contrast  between  the  two  floras  less  strikingly 
in  favour  of  the  Aran  limestone  flora  than  it  may  be  fairly  estimated 
by  attaching  weight  to  the  absence  of  unimportant  plants. 

Mr.  More  enumerates  303  varieties,  or,  say  295  species,  as  found 
upon  Inish-Bofin.  My  Lambay  list  contains  291  species.  Deducting 
from  each  of  these  totals  those  plants  which  are  probably  introduced, 
there  remain  252  native  species  for  Bofin,  258  for  Lambay.  Consi- 

dering the  superior  size  of  Inish-Bofin  and  its  much  more  diversified 
surface-conditions,  the  majority  in  favour  of  Lambay  illustrates  well 
the  richer  flora  of  the  east  of  Ireland.  A  few  plants,  such  as  Sisym- 
hrium  officinale,  Capsella  lursa-imdoris,  Galium  aimrine,  and  three 
species  of  trefoil  are,  I  believe,  native  on  Lambay,  though  most  likely 
only  colonists  in  the  far  west  of  Ireland. 

In  the  following  comparative  lists  several  commoner  aquatic  species 

aL'eady  mentioned  are  omitted  from  the  Bofin  plants,  as  not  tending 
to  illustrate  the  essential  differences  between  the  two  floras  : — 

COMPAEATIVE    VIEW   OF   FLOEAS    OF    INISH-BOFIIS" AND  LAMBAY, 

Including  only  Hants  ̂ robally  native. 

Lambay  Plants  not  on  Inish-Bofin.  |  Inish-Bofin  Plants  not  on  Lambay. 
Eanttkculace^  . 

Ranunculus  ficaria. 
Caltha  palustris. 

Nymphs  ACE^. 

I  NuiyJiar  lateum. 
Cetjcifee^. 

Sisymbrium  officinale. 
Aralis  thaliana. 
Braha  verna. 

ClSIACE^. 

I  Helianthemum  guttatum. 
VlOLACE^. 

Viola  liirta.  I  Viola  ])al>.istr is. 
V.  tricolor.  V.  canina. 
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Ijambay  Plants  not  on  Inish-Bofin.  |  Inisli-Bofin  Plants  not  on  Lambay. 

PoLTGAXACEiE. 

Poly  gala  vulgaris,  typ.  | 

ElATCs-ACEjE. 

I  Elatine  Jiexandra. 
C  AETOPHTLLACE^ . 

Lychnis  dmrna.  Spergularia  salina. 
Cerastmm  arvense. 
Stellaria  media. 

S.  graminea. 
S.  uliginosa. 
Sonclcenya  peploides. 
Sagina  maritima. 

LlXACE^. 

Radiola  milleqrana. 

Htpeeicace^. 

Sypericum  androscetnum. 
S.  elodes. 

Geranium  sanguinewn. 
G.  pusillum. 
G.  dissectum. 
Erodiwn  mariUmwn. 

Trifolium  repens. 
T.  pratense. 
T.  minus. 

f  Vicia  Mrsuta. 
V.  lathyroides. 

Fragaria  vesca. 
Alchemilla  arvensis. 

Agrimonia  eupatorium. 

JEpilolium  li  irs  utiim . 

Geeaxcace^. 

LEGr:u:rs'os^. 
3Ir.  More  considers  these  three 

clovers  as  probably  introduced  on 
Inisb-Bofin. 

EOSACE^. 

Comarum  paluitre. 

OXAGEACE^. 

Ppilolium  rnontamim. 
E.  tetragonum. 

LxiHEACEJE. 

Peplis  portula. 
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Lambay  Plants  not  on  Inish-Bofin.  [  Inish-Bofin  Plants  not  on  Lambay. 

Saxzfeagace^. 

Parnassia  palustris. 

Sambucus  nigra. 

Saxifraga  unibrosa. 

Capeifoliace^. 

Umbellifee^. 

Eryngmm  maritimum. 
Afium  graveolens. 
Selosciadium  nodifloriim . 
(Enanthe  lachenalii. 
(E.  crocata. 
Torilis  nodosa. 

Chcerophyllum  sylvestre. 
Conium  maculatum. 

Daucus  carota. 
Selosciadium  inundatum. 

RlTBIACE^. 

Galium  aparine. 

Composite. 

Carduus  tenuijlorus. 
Carlina  vulgaris. 

Filngo  germanica. 
Inula  crithmoides. 

Ewpatorium  cannahinum. 

f  Centaurea  scahiosa. 
Gnaphalium  uliginosum. 
Senecio  sylvaticus. 
Achillea  piarmica. 

A.  millefolium. 

Campanuiace^. 

I  lobelia  dortmanna. 

Eeicace^. 

I  Frica  tetralix. 

GrENTIANACE^. 

I  Gentiana  cami)eslris. 

CONVOLTPLACE^. 

I  Convolvulus  sejmim.. 

SOLANACEiE. 

Solanum  dulcamara.  I 

Hyoscyamus  niger.  \ 

H.  I.  A.  PUOC,   SEU.  II.,  VOL.  III. — SCIENCE, 

3  S 
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Lambay  Plants  not  on  Inish-Bofin.  |  Inish-Bofin  Plants  not  on  Lambay. 

SCEOPHULAEIICE^E. 

Sciophularia  nodosa. 
f  Veronica  hederifolia. 

Nepeta  gleehoma. 
fZaimum  incisiim, 
]L.  purpurtum. 

Myosotis  palustris. 
If.  collina. 
M.  versicolor. 

Lycopsis  arvensis. 
Cynoglossuni  officinale. 

Labiate. 

Rh  inanthus  crista- y alii. 
Pedicidaris  palustris. 
P.  sylvatica. 
Scrophularia  aquatica. 

Stachys  palustris. 
Scutellaria  minor. 

BoEAGIiNfACEiE. 

Primula  veris. 

Anayallis  arvensis. 

Statice  occidentalis. 

Beta  maritima. 

Atriplez  littoralis. 

Rumex  nemorosus. 

Polygonum  raii. 

Lentibulaeine^. 

I  Pinguicula  vulgaris. 

PKIMULACEiE. 

Centunculus  minimus. 

PXTJMBAGINACE^ . 

I 

PlANTAGIN  ACE  j<; . 

I  Litorella  lacustris. 

Chekopodiace^. 

POLXGOITACE^. 

Polygonum  hydropiper. 

Empetrace^. 

I  Empetrum  nigruin. 

Calliibichace^. 

I  Callitriche  Immulata. 
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Lambay  Plants  not  on  Inisli-Bofin.  |  Inisli-Bofin  Plants  not  on  Lambay. 

TJeticaceje. 

Urtica  dioica. 

■\Salix  cinerea. 

Sctlla  verna. 
Scilla  nutans. 

Orchis  latifoUa. 

Iris  fcetidissima. 

Trigloehin  maritimum. 

Arum  macuhtum. 

luzula  campestris. 
Juncus  maritimus. 

J.  glauciis. 

Amentiper^. 

Populus  tremula. 
Salix  aurita. 

S.  repens. 

Myrica  gale. 

LlLIACE^. 

CoiflPEE^, 

Juniperus  nana. 

Oechldace^. 

Orchis  maculata. 

Ieidaceje. 

Alismace^. 

Naiad  ACEiE. 

Potamogeton  pectinatus. 

Aeoide^. 

Ttphaceje. 

Sparganium  affine. 

Kestiace^. 

JtjSrCACEiE. 

Eriocaulon  septangulare. 

Luzula  muUiJlora^ 
Juncus  squarrosus. 
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Lambay  Plants  not  on  Inish-Bofin.  |  Inisli-Bofin  Plants  not  on  Lambay. 
CrPERA-CEiE. 

Blysmus  rufus. 
Carex  disticha. 

C.  vulgaris. 
C.  vulpina. 
C.  hiria. 

DigrapMs  arundinacea. 
jAlopecurus  pratensis. 
\Aira  ccespitosa. 
Solcus  mollis. 

Sclerochloa  rigida. 
Briza  media. 
Festuca  sciuroides. 

Triticum  junceum. 

Scirpus  fluitans . 
Rhyncliospora  alba. 
Eleocharis  multicaulis . 

Carex  lyulicaris. 
C.  stellulata. 
C.  binervis. 

Geajjtne^. 

Psamma  arenaria. 
Calamagrostis  epigejos. 
Kmleria  crisfata. 
Sclerochloa  loliacea. 

Festuca  pratensis. 

FiLICES. 

Scolopendrium  vulgare. 
Aspidium  angulare. 
Ophioglossum  vulgatum. 

Asplenium  ruta-muraria . 
Blechnum  boreale. 
Lastrcea  mnula. 
Osmunda  regalis. 

Ltcopodiace^. 

I  Isoetes  ecTiinospora. 

Thus  Lambay  contains  ninety-one,  and  Inish-Bofin  sixty -four  cha- 
racteristic peculiar  plants.  In  order  to  understand  more  thoroughly 

the  different  natures  of  the  two  floras,  I  will  arrange  them  according 

to  Mr.  Watson's  types.  The  Lambay  flora  will  be  found  to  contain 
forty-nine  species  of  the  British  or  commonest  type  not  occurring  upon 
Bofin,  as  against  fifty-five  British  type  plants  on  Bofin  not  occurring 
upon  Lambay.  And  this  is  what  might  have  been  foreseen,  the  larger 
island  containing  the  greater  variety  of  common  species.  There  are 

about  one  hundred  and  sixty-five  '  British  type '  species  common  to both  islands. 

The  undermentioned  species  peculiar  to  either  island  belong  to 

Watson's  English  type,,  or  are  "  inclining  to  "  his  English  type  : — 
Lambay. 

Sisymbrium  thalianum. 
Viola  hirta. 
Cerastium  arvense. 

Geranium  sangxiineum. 

BoFIIf. 

JJ^uphar  lutea. 
Elatine  hexandra. 

Hypericum  androsasmum. 
H.  elodes. 
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Lambat.  Bofik. 

Geranium  pusillum.  f  Centaurea  scabiosa. 
Trifolium  striatum.  Gnaphalium  uliginosum, 
T.  arvense.  Convolvulus  sepium. 
T.  minus.  Scrophularia  aquatica. 
Agrimonia  eupatorium.  Scutellaria  minor. 
Epilobium  hirsutum.  Centunculus  minimus. 
Sambucus  nigra.  Calamagrostis  epigejos. 
Apium  graveolens.  Sclerochloa  loliacea. 
Helosciadium  nodiflorum. 
(Enanthe  crocata. 
(E.  lachenalii. 
Torilis  nodosa. 

Eupatorium  cannabinum. 
Carlina  vulgaris. 
Carduus  tenuiflorus. 
Solanum  dulcamara. 

Hyoscyamus  niger. 
Cynogiossum  oflB.cinale. 
Myosotis  palustris. 
Primula  veris. 

Anagallis  arvensis. 
Beta  maritima. 
Iris  foetidissima. 

Juncus  giaucus. 
J.  maritimus. 
Arum  maculatum. 
Carex  disticlia. 
C.  hirta. 

Sclerochloa  rigida. 
Briza  media. 

Aspidium  angulare. 

There  are,  besides,  three  English,  or  inclining  to  English  type 
species  common  to  both,  viz.  : — Vicia  augustifolia,  Ly thrum  salicaria, 
Samolus  valerandi.  These  columns  show  well  the  decrease  in  numbers 

of  this  type  on  the  western  coast — 15  to  38,  or  as  1  to  2A-. 

Next  in  importance  is  the  Atlantic  type  ;  its  members  stand  as 
follows  : — 

Lambat.  BorrN. 

Erodium  maritimum.  Lastraea  semula. 
Inula  crithmoides. 
Statice  occidentalis. 
Scilla  verna. 
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And  five  species  common  to  both,  islands,  viz. : — 

Lepigomim  rupicola. 
Sedum  anglicum. 
Crithmum  maritimum. 

Scirpus  savii. 
Asplenium  marinum. 

This  is  rather  surprising;  but  it  will  be  found  that  Watson's 
Atlantic  or  western  type  is  anomalously  so-called  in  Ireland,  being  at 
least  as  well  represented  on  the  eastern  as  on  the  western  coast,  so 
that  the  insular  floras  reveal  a  somewhat  unexpected  truth.  There 
are,  however,  two  highly  interesting  plants  upon  Inish-Bofin  which, 

do  not  fall  under  any  of  Watson's  types,  Selianthemum  giittatum  and 
Saxifraga  umbrosa.  These  and  others  of  the  so-called  Hibernian  type 
which  do  not  occur  in  Great  Britain  may  be  regarded  as  the  extremest 
group  of  the  Atlantic  type  in  the  British  Islands. 

AVith  Higbland  and  northern  plants  Lambay  is  sparingly  supplied, 
two  species  of  the  latter  alone  being  met  with,  while  nine  occur  upon 
Bofin. 

Lambay.  Bofin. 

Parnassia  palustris.  Comarum  palustre. 
Blysmus  rufus.  Lobelia  dortmanna. 

Gentiana  campestris. 
Pinguicula  vulgaris. 
Empetrum  nigrum. 
Juniperus  nana. 
Eriocaulon  septangulare. 

Sparganium  affine. 
Isoetes  echinospora. 

This,  again,  exemplifies  the  condition  of  things  upon  the  mainland, 
both  these  types  being  much  better  represented  and  descending  lower 
upon  the  west  than  upon  the  east  coast  of  Ireland,  and  is  due,  no  doubt, 
to  the  damper  and  more  equal  climate.  Most  of  the  remaining  species 
peculiar  to  Bofin  are  more  universally  prevalent  in  the  west  than  in 
the  east  of  Ireland,  amongst  which  may  be  mentioned  : — 

Bo  FIN. 

Yiola  palustris. 
Achillea  ptarmica. 
Erica  tetralix. 

Myrica  gale. 
Litorella  lacustris. 
Callitrichu  hamulata. 

Ehynchospora  alba. 
Eleocharis  multicaulis. 
Osmunda  regalis. 
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Postscript. — Since  writing  the  above,  Mr.  More  has  drawn  my 

attention  to  a  paragraph  in  Dalton's  "  History  of  Ireland,"  where 
some  Lambay  plants  are  enumerated.  Amongst  these  are  a  few  wliich. 
I  did  not  meet  with,  and  which  are  probably  erroneously  included. 

The  records  are  taken  from  the  "Irish  Flora,"  to  which  they  were,  I 
believe,  contributed  by  Mr.  White  of  Glasnevin.     The  species  are  : — 

Trifolium  maritimum.     Probably  was  T.  striatum. 
T.  scuhrum.     I  searched  for  this  plant  carefully  without  success. 
Drosera  rotimdifolia.  \ 
Montia  fontana.  >      Perhaps  lost  through  drainage. 
Senecio  aquaticus.  ) 
(Enanthe  peucedai'ifolia.     Perhaps   CE.  laclienalii,   which  is,   however, 

also  mention  "d  ;  and 
Satnhucus  ehulus,  A^hich  is  not  there  now. 
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XCI. — Report  on  the  Ploea  oe  the  Mountains  oe  Mayo  and  Galwat. 

By  H.  C.  Haet,  B.A. 

[Read,  January  22,  1883.] 

Having  received  a  grant  from  the  Eoyal  Irish  Academy' for  the  pur- pose of  continuing  my  examination  of  the  Botany  of  the  Irish  mountains 
in  1882,  I  resolved  to  devote  my  exertions  to  those  situate  in  Mayo 
and  Grdway.  In  a  little  less  than  a  month,  during  two  visits  in  June 
and  July,  I  traversed  all  the  mountains  of  important  height — about 
2000  feet  and  upwards.  Some  were  so  utterly  barren  that  a  single 
visit  sufficed.  I  have,  however,  taken  each  chain  separately  in  my 
report  and  dealt  with  its  peculiarities,  and  will,  therefore,  merely 
enumerate  them  here,  starting  at  the  north-east.  The  figures  are 
the  height  in  feet,  from  the  Ordnance  Map. 

In  Mayo  : — 

Nephin,  2646. 
Knockaffertagh,  1695;  Birreencorragh,  2295;  andBuckoogh,.  1935. 

Laghtdauhybaun,   2369;  Corslieve,  1785;  JSTephinbeg,   2065;  XJlena- 
morig,  2067  ;  and  others  of  the  range. 

Curraun  Achill,  1784  and  1715. 
Achill,  2204  and  2192. 
Croaghpatrick,  2510. 
Mweelrea  group ;  Delphi  Mt.  2504  and  2474 ;  Ben  Gorm  and  Ben 

Cregan,  2383  and  2283 ;  and  Mweelrea,  2688  and  2610. 

In  Mayo  and  Galway : — 

Slieve  Partly  or  Maamtrasna  group;  Devilsmother,  2131;  Maam- 
trasna  (Formnamore),  2239  and  2209. 

In  Gralway : — 

Maamturk  range ;  Leckavrea,  2012;  Corcogemore,  2045;  Maumeen, 
2076,  &c. ;  Letterbrickaun,  2195;  Maamturkmore,  2300;  and 
others  of  the  chain. 

Benchoona,  1975. 
Bennabeola  or  Twelve  Bens  ;  Benbaun,  2395;  Ben  Lettery,  1904;  Muc- 

kanagbt,  2153,  &c. 

A  short  sketch  of  the  botany  of  eacb  of  these  groups  will  be  given, 
and  finally  a  general  view  of  the  vertical  range  of  plants  throughout 
the  Mayo  and  Galway  mountains.  As  heretofore,  I  refrain  from  com- 

paring these  results  with  those  obtained  in  other  parts  of  Ireland  until 
the  whole  be  completed. 
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A  few  general  features  may  first  be  noticed.  Cultivation  is  rarely 
seen  on  the  mountains  at  any  considerable  elevation.  The  liighest 
seen  was  on  the  south-eastern  slopes  of  Birreencorragh,  north  of 

JiS'ewport,  at  400  feet.  Cultivated  fields,  grain,  or  tillage,  scarcely extend  above  200  feet  in  the  neighbourhood  of  the  higher  mountains. 
Eye  is  a  favourite  crop  in  the  west  of  Mayo.  Potatoes  depend  mainly 
on  a  dry  season  during  the  first  part  of  July :  upon  this  the  pea- 

santry stake  the  success  of  their  crop.  There  is  little  flax  grown 
compared  with  Donegal,  and  wheat  is  rarely  seen.  The  climate  is 
milder  than  that  of  the  east  side  of  Ireland,  and  very  much  wetter. 
It  is  my  belief  that,  if  reliable  records  were  taken,  the  neigh- 

bourhood of  Delphi,  at  the  base  of  Mweelrea  and  the  upper  part 
of  Killary  Fiord,  would  stand  somewhere  about  the  top  of  the  list  of 
rainfalls  in  the  kingdom.  In  consequence  of  this  mildness,  especially 

in  winter,  and "  the  shelter  from  the  severity  of  easterly  winds,  the mountainous  parts  of  the  west  have  a  far  richer  flora  than  those  on 
the  eastern  side.  On  the  other  hand,  several  ranges  in  Galway  are 

unusually  barren  from  their  geological  nature.  The  absence  of  '•  moun- 
tain limestone  "  is  prejudicial ;  and  the  prevalence  of  quartzite  banishes 

many  plants  from  large  areas.  On  this  rock,  and  the  scanty  soil  it 
furnishes,  only  a  few  plants  care  to  live.  Of  the  mountain  species, 
which  sometimes  appear  quite  at  home  on  quartzite,  the  following 
may  be  mentioned  : — 

Silene  maritima. 

Saxifraga  umbrosa. 
S.  stellaris. 
Antennaria  dioica. 

Arctostaphylos  uva-ursi. 
Empetrum  nigrum. 

Armeria  maritima. 
Salix  herbacea. 

Juniperus  nana. 
Carex  rigida. 

Lycopodium  selago. 
L.  alpinum 

The  other  alpine  species  must  be  sought  for  off  the  quartzite,  and 
where  this  rock  is  flanked  by  schists,  &c.,  the  line  of  demarcation  of  the 
alpine  plants  is,  where  they  occur,  rigorously  defined. 

JS'one  of  the  above  are  confined  to  the  quartzite ;  they  grow  as  freely on  sandstone,  granite,  or  other  siliceous  rocks,  and  some  of  them  on  all 
sorts  of  rock ;  but  they  may  be  regarded  as  almost  its  only  alpine  or 
sub- alpine  inhabitants.  As  a  rule,  these  mountains  present  wide  sur- 

faces devoid  of  all  vegetation,  the  different  species  of  heather  appear- 
ing only  in  patches. 
Under  Croaghpatrick  and  The  Twelve  Eens  will  be  found  de- 

scribed my  most  interesting  discoveries ;  a  separate  list  of  these  will 
presently  be  given.  New  localities  were  found  for  all  the  alpine 
species  recorded  from  the  mountains  of  Mayo  and  Galway  (District  8 

of  the  "  Cybele  Hibernica"),  and  several  more  were  added  to  the  list. 
These  plants  descend  to  an  unexpectedly  low  level,  especially  in  Gal- 

way.    There  is  little  use  in  comparing  these  two  counties,  since  the 
IM.A.  rHOC,  SEE.  ir.  VOL.  III. — SCIEXCE.  3  T 
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mountains  are  almost  continuous.  The  real  difference  lies  north  and 

south  of  Clew  Bay.  South  of  this  bay,  which  is  continuous  with  low 
levels  inland,  alpine  species  are  more  numerous  and  descend  lower, 
and  this  is  still  further  the  case  south  of  the  Killary  in  the  Connemara 
district.  In  one  sense  this  is  more  an  apparent  than  a  real  difierence, 
since  the  most  universal  species,  Salix  herhacea  and  Carex  rigida,  are 
scarcer  in  quantity  southwards :  the  variety  of  kinds  is,  hovrex  er, 
greater  and  wider-spread.  Cwrex  rigida  descends  to  an  unusually  low 
level  at  Nephin  Beg — the  lowest,  I  think,  recorded.  Aira  ccespitosa, 
var.  alpina,  was  only  met  with  on  the  Mayo  mountains,  or  on  the 
bordering  chain. 

Of  those  more  thoroughly  alpine  plants  which  never  descend  to 
sea  level  in  these  mountains  (or  elsewhere  in  Ireland),  only  three  are 
ever  met  with  on  the  exposed  summits  or  outer  ridges ;  these  are : 
Salix  herhacea,  Carex  rigida,  and  Lycopodium  alpinum.  As  soon,  how- 

ever, as  the  ground  contours  downwards  towards  any  part  of  the 
horizon,  except  north  or  north-east,  these  disappear.  On  the  northern 
faces  of  cKffs  these  are,  as  a  rule,  confined  to  a  higher  zone  than  the  other 
alpine  plants,  especially  Lycopodium  alpinum,  which  rarely  leaves  the 
flatter  summits  and  shoulders.  Of  those  which  do  not  descend  to,  or 

nearly  to,  sea  level,  Saxifraga  oppositifolia  has  the  lowest  range.  Croagh- 
patrick,  Maumeen,  Ben  Lettery,  and  Muckanaght,  best  illustrate  the 
alpine  flora  of  the  Mayo  and  Galway  mountains. 

On  Muckanaght,  in  The  Twelve  Bens,  I  found  a  Saxifi'age  which 
is,  as  far  as  I  can  make  out,  indistinguishable  from  S.  c<Bspiiosa  (Linn.) 
Mr.  Baker,  who  has  kindly  examined  it,  has,  I  am  happy  to  say,  con- 

firmed my  opinion.  I  have  compared  specimens  with  some  brought 
home  from  Greenland  in  1876,  and  except  for  a  more  stunted  habit  in 
the  northern  plants,  there  appeared  no  difference. 

S.  ccespitosa  (Linn.)  has  rested  hitherto  as  an  Irish  plant  upon 

the  evidence  of  an  imperfect  specimen  fi'om  Brandon,  gathered  in 
1829.^  No  fonn  of  8.  hypnoides  has  been  previously  discovered  in 
the  Mayo  or  Galway  mountains.  Some  plants  at  the  lower  part 
of  its  range  on  Muckanaght  approach  so  closely  to  S.  platypetala, 
especially  to  the  form  on  the  Galtee  mountains,  that  my  belief 
was  confirmed  that  these  forms  are  inseparable  to  a  degree  worthy 
of  specific  rank.  Higher  up  on  the  cliffs  the  Muckanaght  Saxi- 

frage is  fairly  typical  S.  ccespitosa.  Any  stunted  flowering  stems 
of  S.  affinis  or  S.  hirta  which  I  have  met  with  elsewhere  in  Ireland 
have  several  leaves  on  the  stem.  The  Connemara  plant  has  only 
one,  or  in  rare  instances,  two.  This  is  an  important  character,  and 
also  separates  and  is  distinctive  of  the  larger  and  somewhat  strag- 

gling plant  at  the  base  of  the  mountain  fi'om  ;S'.  platypetala.  The 
flowers  in  the  Connemara  plant  are  fewer,  usually  one  to  three,  and 
even  in  the  larger  forms  nearly  sessile;  in  S.  platypetala  they  are 

1  A.  G.  Mere — '•  Eeeent  Additions  to  the  Flora  of  Ireland." 
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pedicelled  to  half  an  inch  or  more.  The  leaves  and  sepals  are  much 
blunter  than  in  any  other  Irish  Saxifrages  of  the  race,  and  the  oyaries 
more  distinctly  semi-included  in  the  calyx,  Tvhich  points  to  another 
character  in  the  sepals  being  shorter :  these  latter  are  studded  with 
gland-tipped  hairs.  The  petals  are  also  smaller  in  proportion  to  the 

sepals.  The  Connemara  plant  has  not  the  "weak  trailing  shoots  of 
most  of  the  S.  hypnoides  forms,  and  is,  generally  speaking,  more  dis- 

tinct than  any  of  them  ;  widely  so  fi'om  the  extreme  plant  S.  sponhei- 
mica,  which  mainly  differs  from  S.  Tiypnoides  in  the  absence  of  bulbs 
in  the  leaf  axils. 

In  my  Eeport  on  the  Macgillicuddy's  Eeeks  I  have  noticed  the 
distribution  of  this  race  of  plants  upon  some  of  the  Kerry  mountains, 
and  on  the  Graltees  in  Tipperary.  I  have  this  year  visited  Ben  Evenagh 
in  Derry,  and  the  Cummeragh  and  Ejiockmealdown  mountains  in 
AYaterford.  >S.  sponheimica  (Gm.)  is  the  plant  which  grows  on  these, 
its  typical  form  occurring  on  the  Derry  basalt. 

With  regard  to  the  Hieracia,  to  which  I  also  paid  particular  atten- 
tion, the  following  forms  were  gathered  : — 

Hieracium  anglicum  (Fr.)        )  H.  vulgatum  (Fr.)      \ 
H.  iricum  (Fr.)  j  H.  gothicum  (Fr.)       ) 

H.  anylicum  occurs  frequently  on  the  mountains  as  an  alpine  plant, 
and  rarely  at  low  levels  in  exposed  rocky  places.  H.  iricum,  in  its 
large,  much-branched,  very  leafy  form,  is  a  plant  of  the  glens  and 
intermediate  stations,  never  occurring  in  alpine  situations.  It  passes 
into  S.  anglicum  in  intermediate  stations,  as  above  Doo  Lough,  oppo- 

site Delphi,  and  on  Benchoona,  in  a  series  of  doubtful  plants ;  and 
having  gathered  a  number  of  specimens  throughout  the  two  counties, 
I  feel  convinced  that  JS.  iricum  is  merely  a  luxuriant  lowland  form  of 

S.  anglicum.  Typical  H.  iricum  is  rare  in  Ireland ;  it  occurs  in  Gal- 
way at  Kylemore  and  Benchoona.  The  Galtee  form  of  H.  anglicum, 

as  well  as  that  gathered  ou  the  Eeeks,  is  intermediate,  while  the  com- 
monest hawkweed  in  mountainous  districts  of  Donegal  is  typical  S. 

anglicum. 
R.  vulgatum  is  scarce,  and  I  only  met  with  it  on  Muckanaght, 

where  it  passes  insensibly  into  H.  gothicum,  which  is,  perhaps,  the 
alpine  form ;  it  does  not,  however,  occur  vdth  the  alpine  species. 
Typical  S.  gothicum  is  best  seen  at  Maumeen,  amongst  the  alpine 
plants.  I  met  with  neither  of  these  in  Kerry ;  but  both  occur,  with 
intermediate  forms,  in  Inuishowen,  Co.  Donegal. 

The  vertical  range  of  Saxifraga  umhrosa  calls  for  a  note.  In  Kerry 
it  descends  from  the  highest  summits  to  sea  level  or  low  levels  inland 
constantly  in  the  mountainous  regions ;  in  the  Galtee,  Cummeragh, 
and  Knockmealdown  mountains,  it  is  thoroughly  alpine  in  its  general 
elevation,  and  though  not  dependent  on  aspect  as  alpine  plants  usu- 

ally are,  it  never  descends  lower  than  1700  or  1800  feet.  In 
the   Mayo   and   Galway   mountains    Saxifraga   umhrosa    occasionally 
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descends  to  sea  level  on  the  coast,  usually  ceasing  at  about  700  to 
1000  feet  and  upwards.  In  Donegal  it  rarely  descends  lower  than 
about  2000  feet.  Its  general  range  is  thus  diametrically  opposite  to 
that  of  the  alpine  group,  and  is  more  properly  classed  with  the 
Atlantic  or  Western  t3rpe. 

Lest  it  should  be  thought  that  I  haye  crowded  in  notes  of  heights 
at  random,  I  would  ask  leave  to  give  the  motives  which  usually  guided 
me  in  making  the  records.     They  are  either  to  ascertain — 

1 .  Upper  and  lower  limits  of  alpine  plants. 
2.  Upper  limits  of  all  species  occuning  on  the  mountains. 
3.  Unusually  high  or  low  elevation  for  any  plants,  outside  their 

apparent  normal  Kmits. 

4.  JS^otes  on  rare,  local,  or  characteristic  species. 5.  Repeated  observations  on  plants  whose  range  will  apparently 
prove  to  be  very  constant,  and,  therefore,  important  to  ascertain 
accurately. 

Having  seen,  moreover,  how  erroneous  estimates  of  vertical  ranges 
are,  unless  taken  from  a  wide  series  of  observations,  I  have  slight 
scruples  in  recording  what  may  appear  to  be  an  excess.  An  additional 
reason  may  be  given  in  the  obvious  one  that  inaccuracies  arising  from 
a  variable  condition  in  the  barometer,  while  observations  are  being 
made,  will  be  reduced  and  equalized  by  considering  the  average  of 
many  records.  By  this  means  I  have  generally  arrived  at  a  very  close 
approximation  to  the  truth  with  regard  to  the  altitude  of  certain  lakes . 
The  upper  limits  of  some  mountain  plants  are  as  definitely  fixed  as 
the  mountains  themselves. 

The  mountainous  district  examined  contained  227  species  above  the 
elevation  of  250  feet.  A  few  of  these  are,  however,  merely  varieties. 

The  district  is  included  in  district  8  of  the  "  Cybele  Hibernica." 
The  following  belong  to  AYatson's  Highland  or  alpine  tpye: — 
Thalictrum  alpinum. 
Sedum  rhodiola. 
Saxifraga  stellaris. 
S.  ceespitosa. 
S.  oppositifolia. 
Saussurea  alpina. 
Hieracium   anglicum   et   H. 

iricum. 

(H.  gothicum.) 
Arbutus  uva-ursi. 
Yaccinium  vitis-idsea. 

Oxpia  reniformis. 
Salix  herbacea. 

Juniperus  nana. 
Carex  rigida. 
Poly sti chum  lonchitis. 
Aira  alpina. 

Asplenium  viiide. 
Lyeopodium  alpinum. 
L.  selaginoides. 
Isoetes  lacustris. 

In  addition  to  these,  Dryas  octopetala,  Galium  horede,  Hieracium 
crocatum,  and  Sesleria  ccendea,  are  alpine  plants  occurring  only  at  low 

levels  elsewhere  in  District  8,  as  recorded  in  the  "Cybele  Hibernica." 
In  the  above  list  Saxifraga  ccespitosa,  Saussurea  alpina,  Aira  alpina, 
and  Polystichura  lonchitis  are  additions  to  the  flora  of  this  district. 



Hart — Flora  of  the  Mountains  of  Mayo  and  Galway.     699 

The  whole  is  about  two-thirds  of  the  alpine  flora  of  Ireland.  Alpine 
varieties  of  Armeria  maritima,  Alchemilla  vulgaris,  Plantago  maritima, 
P.  lanceolata,  and  Silene  maritima  also  occur. 

The  Scottish  or  northern  group  is  well  represented. 
Thalictrum  minus. 

Subularia  aquatica. 
Drosera  angHca. 
Sagina  subulata. 
Rubus  saxatilis. 

Crepis  paludosa. 
Antennaria  dioica. 
Lobelia  dortmanna. 

Pinguicula  vulgaris. 
Empetrum  nigrum. 
Salix  phylicifolia. 
Listera  cordata. 
Habenaria  albida. 

Eriocaulon  septangulare. 
Carex  limosa. 
C.  iiliformis. 

Several  others  occur  in  other  parts  of  the  district  at  low  levels,  as 

may  be  seen  in  the  "  Cybele  Hibernica."  Of  the  above,  Salix  phylicifolia is  an  addition  to  the  Flora  of  district  8.  Somewhat  more  than  half  the 

total  number  of  the  group  occurring  in  Ireland  are  met  with  in  the 
west  of  Mayo  and  Gralway. 

Of  Watson's  Atlantic  type,  the  following  plants  occur  on  the  sides 
of  the  mountains,  mostly  at  low  levels,: — 

Meconopsis  cambrica, 
Sedum  angiicum, 
Cotyledon  umbilicus, 
Rubia  peregrina, 
Hypericum  androsaemum, 
H.  elodes, 
Pinguicula  lusitanica, 

Scirpus  savii, 
Lastrea  semula, 

Adiantum  capillus-veneris, 

Hymenophyllum  tunbrid- 

gense, H.  wilsoni, 

and  several  others  along  the  coast. 
Several  other  prevalent  species  in  the  west  would  advantageously 

be  included  in  this  group,  to  which  their  distribution  in  Ireland 
apparently  refers  them. 

Since  my  general  list  is  aiTanged  with  a  view  to  exhibiting  the 
vertical  ranges,  it  is  out  of  all  systematic  order,  and  it  becomes  difiScult 
to  refer  to  it  for  localities  for  the  rarer  species.  I  will  therefore  enu- 

merate the  rarest  discoveries  made,  several  of  these  being  found  in  the 
lowlands  during  my  excursions  from  one  chain  to  another.  Those 

italicized  are  additions  to  the  flora  of  District  8  of  the  "'  Cybele  Hiber- 
nica" and  to  Mr.  More's  supplement. 

Thalictrum  alpinum  (Linn.) — Croaghpatrick,  Ben  Choona,  Maam 
Turk  (Maumeen),  Muckanaght  and  Ben  Lettery.  Recorded  by 

"Wade  from  Lettery,  and  by  Dr.  Moore  from  the  "  mountain  above 
Kylemore  castle,"  a  hill  which  I  omitted  to  visit. 

T.  minus  (Linn.),  var.  montanum,  (Wallr.) — Mweelrea,  and  Ben 
Choona.  Chiefly  known  previously  on  the  stony  shores  of  the 
larger  lakes. 

Meconopsis  cambrica  (Vig.) — Muckanaght  in  Bennabeola.  Found 
previously  near  Clifden. 
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Arabis  hirsuta  (E.  Br.)  Maumeen. — Eare  in  the  west,  except  on 
limestone. 

jSenebiera  didyma  (Pers.) — Achill  sound  at  the  ferry ;  a  north-western 
limit  for  this  spreading  species,  which  had  not  previously  been 
known  north  of  Galway  on  this  side  of  Ireland. 

Eubus  saxatilis  (Linn.) — Mweelrea,  Croaghpatrick,  and  Bennabeola. 
Saxifraga  coespitosa  (Linn.) — Muckanaght. 
Saxifraga  oppositifolia  (Linn.) — Mweelrea  and  Muckanaght.  Also 

onMaamTurk  and  Ben  Lottery,  which  are  given  in  the  "Cybele" 
and  one  locality  I  did  not  verify,  "mountains  in  Joyce  country, 
near  Lough  Corrib." 

^gopodium  jpodagraria  (Linn.) — N^ear  Westport. 
ffinanthe  laehenalii  (Gmel.) — Kear  Bundorragha  on  the  Killary. 

Known  previously  from  one  locality  near  Galway. 
CE.  crocata  (Linn.) — In  several  places  about  the  Killary.  Eecorded 

only  from  Belmullet  in  the  district. 
Pastinaca  sativa  (Linn.) — Eoadsides,  and  banks  about  Newport. 
Eubia  peregrina  (Linn.) — Mweelrea  and  Salrock.  Eecorded  pre- 

viously from  the  shores  of  Lough  Mask. 
Saussurea  alpina(I)l.) — Croaghpatrick,  BenLettery,  and  Muckanaght. 
Hieracium  anglicum  and  H.  iricum  (Fr.)  —  Mweelrea  and  Ben 

Choona.     H.  anglicum  is  not  unfrequent. 

J7".  vulgatum  (Fr.) — Muckanaght. 
Arctostaphylos  uva-ursi  (Spr.) — Mweelrea,  Nephin,  and  Nephinbeg 

in  Mayo.     More  frequent  in  Galway. 
Vaccinum  vitis-idsea  (Linn.) — Only  met  with  in  very  small  quantity 

in  one  place  on  Mweelrea.  Other  localities  are  given  in  the 

"  Cybele  "  which  I  failed  to  verify.  It  is  very  rare  in  the 
west. 

Scrophularia  aquatica(Linn.) — Bundorragha,  at  the  foot  of  Mweebea; 
not  seen  elsewhere  in  the  district  except  in  the  "Cybele"  locality 
to  the  west  of  Galway. 

Utricularia  intermedia  (Hayne.) — Frequent  in  the  Mweelrea  district 
at  low  levels,  as  well  as  about  Connemara.  This  plant  forms 
hybernacula,  and  if  the  fragile  stem  be  lifted  gently  and  traced 
through  the  mud  with  the  fingers  for  the  root,  a  little  tuberous 
formation  about  the  size  of  a  bean  will  usually  be  found  at  the 
end  of  the  stem.  This  habit  is  not  mentioned  in  the  British 

text-books,  but  Mr.  Baker  informs  me  that  there  are  specimens 
exhibiting  these  hybernacula  at  Kew.  I  have  seen  undeveloped 
leaf-buds  of  U.  vulgaris  at  the  end  of  the  summer,  although  not 

so  dense;  and  Darwin  says  these  "fall  off  and  lie  dormant  during 
the  winter  at  the  bottom . "  In  U.  intermedia  they  remain  attached, 
and  form  the  point  at  which  the  arrested  growth  recommences 
the  following  season.  Such  a  means  of  living  is  the  more  neces- 

sary to  the  present  species,  since  it  rarely  seeds  itself. 

Statice  bahusiensis  (Frie.) — Shore  below  Croaghpatrick.  IS'ot  found north  of  Clifden  previously  on  the  west  side  of  Ireland. 
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Oxyria  reniformis  (Hook.) — On  Loughty  Mt.  and  Ben  Gorm  in  the 
Mweelrea  group,  as  well  as  on  Mweelrea ;  not  found  on  Ben 
Lettery,  but  grows  on  Muckanaght  in  Bennabeola ;  plentiful  on 
Croaghpatrick. 

Salix  phylicifoUa  (Linn.) — By  the  stream  out  of  Lake  Lugaloughawn 
on  Mweelrea.  Mr.  More  agrees  with  me  in  this  decision.  A 
small,  hut  handsome  shrub  with  a  distinct  appearance,  due  to  the 
somewhat  shiny  leaves,  glaucous  beneath,  and  rich-coloured 
twigs.  Found  in  Ireland  previously  in  two  localities,  one  in 
Antrim  and  the  other  in  Derry. 

Salix  herbacea  (Linn.) — On  all  the  higher  mountains  in  both  coun- 
ties.    Eecorded  only  from  Nephin  and  Nephinbeg. 

Habenaria  albida  (Eich.) — Glen  Laur.  Also  west  of  Galway  and 
Lough  Mask,  "  Cybele  Hibernica." 

Listera  cordata  (E.Br.) — Corcogemore.  Eecorded  also  from  Slieve 
Cor. 

Eriocaulon  septangulare  (With.) — Lakes  west  of  Deel  Bridge,  be- 
tween that  and  Corslieve.  This  extends  the  line  marking  its 

range  on  the  map  in  the  "  Cybele  Hibernica"  northwards  in 
Mayo  to  about  the  latitude  of  Crossmolina. 

Sparganium  natans  (Linn.) — In  a  lake  on  the  seaside  of  the  road 
about  half  way  between  Newport  and  Molranny  ;  in  bog-holes 
about  a  mile  south  of  Achill  ferry  on  the  mainland ;  at  the  foot 
of  Croaghpatrick,  on  the  inland  side  of  the  road  by  Clew  Bay. 
In  several  places  in  Connemara. 

S.  minimum  (Fr.) — Lake  on  Maamtrasna ;  Nambrackheagh  lake  on 
Buckoogh.     Lake  Lugaloughaun  on  Mweelrea. 

Ruppia  maritima  (Linn.) — In  a  brackish  pond  near  Newport. 
Car  ex  vulpina  (Linn.) — With  the  last. 
C.  teretiuscula  (Good) — By  a  lake  about  a  mile  from  Newport  on  the 

roadside  to  Westport. 

C.  rigida  (Good) — On  all  the  higher  Mayo  mountains  except  Croagh- 
patrick.    Only  recorded  from  Nephin. 

C.  pallescens  (Lam.) — Bennabeola,  Mweelrea,  and  Delphi.  It  was 
perhaps  this  plant  which  Wade  recorded  as  C.  curta  from  Ben 
Lettery. 

C.  limosa  (Linn.) — In  a  very  wet  bog  at  the  foot  of  Nephin  between 
Crampaun  river  and  the  road ;  southern  side  of  Birreencorragh 
by  some  small  lakes  ;  bog-holes  by  the  roadside  between  Ballina- 
hinch  lake  and  the  canal  bridge  ;  bog-holes  near  Lough  Fee  to  its 
east  and  between  that  and  the  Killary  ;  at  the  base  of  Derryclare 
mountain  by  the  shore  of  the  lake. 

C.  filiformis  (Linn). — In  all  the  bogs  with  the  last  species,  except 
the  last-mentioned  one.  Also  by  the  Erriff  at  the  base  of  Ben 
Gorm.  These  two  species  occur  in  the  very  wettest  shaky  bogs 
in  places  which  are  usually  considered  unsafe  to  tread  on.  They 
have  been  recorded  from  only  one  or  two  localities  in  the 
west. 
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Lastraea  oreopteris  (Presl.) — E.ather  rare  in  the  west.     Letterbrick- 
aun  valley  and  GlencrofP  near  the  Killary. 

Polystichmn  lonchitis  (Eoth.) — Muckanaght — only  locality. 
P.  aciileatum  (Roth.),  Yar.  lobatum — Muckanaght  and  Manmeen. 
Cystopteris  fragilis  (iBernh.) — Loughty  Mt.  ;  Muckanaght  and  Mau- 

meen.     Very  rare. 

Asplenium   viride  (Huds.) — Muckanaght ;  Croaghpatrick   and  Ben 
Lettery.     Only  recorded  from  the  last  locality  before. 

Adiantum   capillus- veneris   (Linn.) — Achill   (and   Salrock?).      Yery 
rare,  but  recorded  from  one  or  two  localities  previously. 

Lycopodium  clavatum  (Linn.) — On  the  mountain  opposite  Leenane 
Hotel  on  the  Killary.     Appears  to  be  very  scarce,  but  I  was  not 
much  on  the  lower  grassy  hills  which  this  species  affects. 

L.  alpinum  (Linn.) — Mweelrea  ;  Loughty  Mt. ;  Curraun  Achill,  and 
Maam  Turk.     Recorded  from  the  last  locality  and  Ben  Lettery, 
where  I  did  not  observe  it. 

Before  proceeding  to  my  detailed  account  of  the  mountain  ranges, 
I  take  this  opportunity  of  expressing  my  thanks  to  Professor  Babing- 
ton  of  Cambridge,  Mr.  Baker  of  Kew,  and  Mr.  More  of  Dublin,  who 
have  kindly  examined  and  given  their  opinion  upon  rarer  and  critical 

species. 
In  my  survey  of  each  mountain,  I  suppose  the  reader  to  start  from 

the  summit  and  descend  downwards  in  various  directions. 

Nephin  is  an  isolated,  rounded  lump  of  quartzite,  rising  to  2646 
feet  above  sea  level.  It  is  second  in  height  to  Mweelrea  in  Mayo, 
the  highest  in  the  west  of  Ireland,  and  situate  north-west  of  Newport 
on  Clew  Bay.  The  barren  nature  of  the  rock  of  which  it  is  formed, 
and  the  even  shape  of  its  surface,  render  it  obviously  uninteresting 
botanically.  Nevertheless  it  appears  to  be  the  only  point  in  the  west 
which  has  received  much  attention  from  botanists,  and  these  reasons, 
combined  with  a  steady  downpour  of  rain,  caused  me  to  be  satisfied 
with  a  rather  hurried  survey.  Dr.  Dickie  has  given  a  slight  account  of 

its  plants  in  his  *'  Flora  of  IJlster."  He  records  Carex  rigida  fi'om  the 
summit,  140  feet  higher  than  I  observed  it,  and  three  common  species 
which  I  noticed  on  the  top  do  not  appear  in  his  list.  There  is,  how- 

ever, a  stranger  disagreement  between  us.  Ardostaphylos  uva-ursi  is 
very  abundant  south  from  the  summit  in  the  direction  of  Crampaun 
Wood.  It  appears,  as  we  descend,  at  about  1650  feet ;  is  very  abun- 

dant at  1500,  and  disappears  at  about  1240.  jSTeither  Dr.  Dickie  nor 
Professor  Babington  observed  this  species,  although  both  have  recorded 
Vaccinium  vitis-idcea  from  Nephin,  which  I  did  not  meet  with.  The 
former  does  not,  however,  include  it  in  the  list  of  Nephin  plants  given 
in  his  Introduction.  Vaccinium  vitis-idcea  appeared  to  me  extremely 
rare  in  Mayo  and  Galway  ;  at  least,  on  the  higher  mountains.  Dr. 
Dickie  does  not  mention  Antennaria  dioica,  Hieracium  anglicmn,  Salix 
herlacea,  Silene  maritima,  or  Saxifraga  stellaris,  which  I  met  with  at 
considerable  heights. 

On  the  north-eastern  side  of  the  northern  spur  of  Nephin,  the  rock 
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is  more  schistose  in  its  nature,  and  on  some  slight  prominences  in  a 
steep  and  rapidly  degrading  declivity,  a  few  alpine  plants  occur. 
Here,  as  on  Croaglipatrick  in  a  less  striking  manner,  one  cannot  fail 
to  be  impressed  with  the  idea  how  insecurely  established  these  slight 
patches  of  rarer  plants  on  a  continually  wearing  surface  must  be;  how 
many  may  have  disappeared,  or  are  gradually  disappearing,  except  on 
those  mountain  ranges  where  solid  ranges  of  cliifs  occur.  This 
crumbling  schistose  rock  is,  in  Mayo  and  Galway,  the  chief  home  of 
the  alpine  plants,  overlying  the  prevalent  quartzite  formation  in  de- 

tached positions,  and  forming  a  rich  and  suitable  soil  by  its  rapid  dis- 
integration. Its  scattered  and  infrequent  occurrence,  as  well  as  its 

unstable  nature,  may,  in  some  degree,  account  for  the  unsatisfactory, 
casual  distribution  of  the  alpine  flora. 

A.t  the  base  of  JS'ephin,  on  the  south-western  side,  there  is  a  con- siderable patch  remaining  of  an  ancient  forest.  During  my  visit  to 

this  part  of  Mayo  I  lodged  with  a  kindly  and  respectable  "  strong  " 
farmer  named  Daly,  who  has  lived  here  for  seventy  years,  and  whose 
forefathers  held  the  ground  before  him.  He  remembers  when,  instead 
of  a  strip  a  couple  of  miles  long,  there  were  many  square  miles  of 

forest,  which,  in  his  father's  time,  clothed  the  long  valley  northward 
towards  Deal  Bridge  ;  when  the  bitterns,  ''like  bulls,"  answered  one 
another  over  the  moors.  He  had  seen  rirffs  here  in  his  youth,  a  pair 
of  which  had  been  shot  about  forty  years  ago,  and  the  mad-ye-  cran 

(pine-marten)  was  then  frequent  in  the  forest.  There  was  also  "  a 
wild  cat  which  dogs  that  would  face  a  fox  would  not  cope  with."  I 
was  specially  interested  in  his  account  of  squirrels  having  formerly 
been  frequent  in  these  native  woods,  which,  if  true,  would  surely 
establish  its  claim  to  being  an  indigenous  inhabitant  animal  of  Ireland. 

My  informant  was  very  intelligent  and  apparently,  as  well  as  by  repu- 
tation, quite  trustworthy.  At  the  mention  of  squirrels,  I  asked  him  to 

describe  them,  which  he  did,  and  their  "  drays,"  as  he  had  seen  them 
in  these  woods,  quite  correctly.  He  says  they  are  still  there  in  much 
diminished  numbers,  living,  as  of  old,  on  the  nuts  which  abound  there. 
These  remarks  may  savour  to  some  more  of  romance  than  of  scien- 

tific research,  and  must,  no  doubt,  be  received  with  caution ;  but  the 
question  whether  the  squirrel  is  indigenous  or  not  in  Ireland  has  been 
the  subject  of  much  careful  investigation  by  my  friend  Mr.  Barrington, 
who  has,  in  an  able  Paper  on  the  subject,  decided  against  it.  The 

above  clue,  if  worked  out,  may  thi'ow  new  light  on  the  question. 
The  mention  of  the  forest  led  me  to  the  above  digression.  I  ex- 

amined these  woods  carefuUy,  and  found  the  following  trees  to  be 

indigenous : — ash,  oak,  birch,  mountain  ash,  alder,  sallow  (^'afe  caprcea), 
hazel,  and  blackthorn.  Some  of  the  alders  are  remarkably  well  grown 

— forty  to  fifty  feet  high — with  a  trunk  over  a  foot  in  claameter  ;  the 
ash  trees  are  of  medium  size  ;  the  oaks  old,  but  badly  developed. 

The  alpine  plants  I  observed  on  oS^ephin  were — Saxifraga  stellaris, 
Sieracium  anglicum,   Arctostaphylos  uva-ursi,    Salix  herhacea    and 
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Carex  rigida.     Saxifraga  mnbrosa  is  abundant  from  the  base  to  the 
summit. 

Nephin  Summit. 

Potentilla  tormentilla. 

Saxifraga  umbrosa. 
Galium  saxatile. 
Calluna  vulgaris. 
Vaccinium  myrtillus. 
Empetrum  nigrum. 
Armaria  maritima. 

2640  feet. 
Rumex  acetosa. 

Luzula  sylvatica. 
Anthoxanthum  odoratum. 
Aira  flexuosa. 
Festuca  ovina. 

Asplenium  dilatatum. 
Lycopodium  selago. 

Saxifraga  stellaris. 

NOETH-EAST     SlOPE. 

2500  feet. 

Carex  rigida. 

2450  feet. 

I  Salix  herbacea. 

I^OKIH-WEST  SlOPE. 

2300  feet. 

Melampyrum  montanum. 

South    Spue. 

1830  feet. 

Salix  herbacea  (lower  limit).    |  Antennaria  dioica. 

1870  feet. 

Silene  maritima. 

1750  feet. 

Erica  cinerea. 

1660  feet. 

Arctostaphylos  uva-ursi. 

1490  feet. 

Hieracium  anglicum. 

Westeen"  Slope. 
1290  feet. 

Solidago  virgaurea.  |  Erica  tetralix  (upper  limit). 
Hymenophyllum  unilaterale. 
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Westeen  Slope — continued. 

Antennaria  dioica    i  ̂w 
Lycopodium  selago 

1240  feet. 

Arctostaptylos  uva-ursi 
(lower  limit). 

1000  feet. 

Empetrum  nigrum  (lower  limit). 

700  feet. 

Comarum  palustre.  |  Lychnis  flos-cuculi. 
500  feet. 

Cratdegus  oxyacantha.  |  Drosera  anglica. 
D,  rotundifolia. 

Sanicula  europsea. 
Ilex  aquifolium. 

250  feet. 

Lastroea  cemula. 
Osmunda  regalis. 

In  Crampaum  woods  few  plants  of  interest  were  observed,  the  trees 

have  been  already  mentioned.  Along  the  mountain's  western  base  were 
noted  Bidens  cernua,  Crepis  paludosa,  Pinguicula  lusitanica,  Sypericum 
androsmmum,  Scirpus  setaceus,  S.  savii,  Sdbenaria  chlorantha,  H. 
hifolia,  Plantago  maritima  (low  inland  level),  Festuca  sciuroides,  Carex 
pulicaris,  G.  sylvatica,  and  other  commoner  sedges ;  while  to  the 
west  of  the  road,  in  a  very  wet  bog  between  it  and  Crampaun  river, 
I  observed  Utricularia  minor,  U.  intermedia,  Drosera  intermedia.  Allium 
ursinum  (by  the  river),  Schcenus  7iigrieans,  Rhynchospora  alba,  Carex 
panieulata,  C.  ovalis,  C.  limosa,  and  C.  filiformis.  These  two  last  rare 
species  I  have  several  times  noted  together  in  the  wettest  spongy 
bogs  in  Mayo  and  Galway. 

A  few  miles  westward  of  ISTephin,  across  the  valley  of  the  Cram- 
paun river,  lies  a  cluster  of  mountains  around  the  head  of  the  Skirdagh 

river,  of  which  the  highest  are  Birreencorragh,  2295  feet,  and  Buck- 
oogh,  1900  feet  above  Lough  Feeagh,  which  is  almost  an  estuary 
from  Clew  Bay.  These  are  uninteresting  mountains,  devoid  of  cliffs, 
and  unsuitable  for  genuine  alpine  plants,  none  of  which  were  met 
with.  A  series  of  notes  on  the  upper  ranges  of  lowland  species  was 
made,  however,  and  a  few  interesting  mountain  plants  are  recorded. 
On  the  south-eastern  slopes  of  Birreencorragh  there  are  cultivated 
fields  to  about  400  feet ;  the  highest  I  met  with  in  the  west. 

BlEKEENCOEEAGH,   SoUXH  SiDE. 

2000  feet. 

Silene  maritima.  I  Armeria  maritima. 
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BiBEEENCOEEAGH,  SouTH  SiDE — eontiuued. 

1500  feet. 

Erica  cinerea  (appears). 

1200  feet. 

Erica  tetralix  (appears). 

1150  feet. 

Antennaria  dioica.  |  !N"arthecium  ossifragum, Lycopodium  selago. 

Linum  catharticum. 

Bellis  perennis. 

Head  oe  the  Skied agh  Eevee. 

1100  feet. 

Carduus  pratensis. 
Prunella  vulgaris. 

Holcus  lanatus. 

900  feet. 

Car  ex  fulva. 

Alchemilla  arvensis. 

Eleocharis  multicaulis. 

775  feet. 

600  feet. 

Myrica  gale. 

Pteris  aquilina  (appears). 

SOTJTH-EASTEEIT  SlOPES,  TOWAEDS  DeEEXEOE  BeIDGE. 

380  feet. 

Anthemis  chamomilla. 

N'ymplioea  alba. 
Hypericum  elodes. 
Lobelia  dortmanna. 
TJtricularia  intermedia. 

Menyantbes  trifoliata. 

350  feet. 

Agrostis  pumila. 

Eriocaulon  septangulare. 
Scirpus  fluitans. 
Ebynchospora  alba. 
Carex  limosa. 
C.  filiformis. 

BUCKOOGH. 

Eirst  six  of  Nepbin,  and 
Solidago  virgaurea. 
Pinguicula  vulgaris. 
Luzula  sylvatica. 
L.  campestris. 

1920  feet. 

Juncus  squarrosus. 
J.  effusus. 

Eriopborum  polystachyon. 
Scirpus  csespitosus. 
Eestuca  ovina. 

Aira  flexuosa. 
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East     Side. 

1880  feet. 

Scabiosa  succisa. 

1680  feet. 

Oxalis  acetosella. 

Lake  I^ambkackkeagh. 

1180  feet. 

Trifolium  repens . 
Lysimachia  nemorum. 
Lobelia  dortmanna. 
Litorella  lacustris. 

Salix  aurita. 

Potamogeton  natans. 
Sparganium  minimum. 
Carex  vulgaris. 

Isoetes  lacustris. 

To  the  west  of  tbis  cluster  of  mountains  a  long  valley  runs  north 
from  Lough  Feeagh,  along  the  eastern  flanks  of  thaJSTephinbeg  range,  till 
it  meets  the  great  moorland  west  of  Crossmolina,through  which  tbeDeel 
river  runs.  About  ten  miles  north  of  Lough Feeagh,  near  Deel  Bridge, 
there  is  a  multitude  of  small  lakes  on  this  wet  moor,  in  which  I  found 
Eriocaulon  septangulare,  a  station  somewhat  north  of  the  line  marking 

its  range  in  Mayo,  as  given  in  the ''  CybeleHibernica."  Mamm-y-Kelly, 
1205  feet,  rises  from  this  moorland,  and  forms  the  northern  extremity 
of  the  Corslieve  range,  which  is  continuous  in  direction,  and  forms  one 
with  the  Nephinbeg  range.  They  are,  however,  severed  by  a  low 
valley,  750  feet,  between  Corslieve  and  Nephinbeg,  and  there  is  a  still 
lower  one  between  Nephinbeg  and  Glenamorig.  The  whole  chain 
runs  about  fifteen  miles  southwards  to  the  waters  of  Clew  Bay.  Much 
of  it  is  over  2000  feet  above  sea  level,  and  it  rises  to  nearly  2400  feet 
in  two  or  three  points.  These  mountains  are  chiefly  quartzite,  of  the 
barrenest  description,  and  contain  a  poor  flora.  Salix  herhacea  and 
Carex  rigida,  two  of  the  few  plants  which  thrive  on  this  formation, 
are,  however,  very  abundant.  These  and  Arctostaphylos  uva-ursi 
were  the  only  Alpines  met  with ;  the  occurrence  of  Carex  rigida  at  so 
low  a  level  as  860  feet  is  very  remarkable.  I  walked  this  range  from 
north  to  south,  leaving  my  car  about  two  miles  north  of  Deel  Bridge, 
and  finishing  the  same  night  at  Newport.  This  was  intended  to  be  a 
preparatory  exploration ;  but  these  mountains  appeared  utterly  un- 

worthy of  a  seqond  botanical  visit.  They  are  wild  and  grand  and 
rugged  enough,  with  many  a  bit  of  lovely  scenery,  as  aboiit  Scardaun 
Lake ;  but  one  gets  to  know  the  capabilities  of  mountains  for  contain- 

ing varieties,  and  the  few  likely  places  at  sufficient  altitude  were 
searched  with  very  slight  success.  The  highest  point  of  the  Corslieve 

group  is  called  "  Laghtdauhybaun  "  on  the  map.  I  did  not  hear  this 
"  jaw-breaker  "  used  in  the  country,  and  I  may  be  excused  if  I  call  it all  Corslieve. 
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COESLIEVE,  DOWN  TO  NOETH-EAST. 

2320  feet. 

Saxifraga  umbrosa.  [  Salix  herbacea. 
Carex  rigida, 

2250  feet. 

Melampyrum  montanum.         j  Empetmm  nigrum. 

2025  feet. 

Carex  rigida.  (  C.  pilulifera. 
C.  binervis. 

1750  feet. 

Hymenopbyllum  unilaterale. 

1700  feet. 

Pyrus  aucuparia. 

Lake  Deitmdekg. 

1330  feet. 

Saxifraga  umbrosa.  |  Isoetes  lacustris. 

600  feet. 

Epilobium  obscurnm.  |  Pinguicula  lusitanica. 
Equisetum  sylvaticum. 

Wet  Moor  at  250  feet. 

Lychnis  flos-cuculi  (white).     I  Eriocaulon  septangulare. 
Lobelia  dortmanna.  Ehynchospora  alba. 
Utricularia  minor.  |  Eleocharis  multicaulis. 

Down  South  towaeds  Scaedaun  Lake. 

2000  feet. 

Saxifraga  stellaris.  |  Oxalis  acetosella. 
Carex  rigida. 

1700  feet. 

Crepis  paludosa. 

1600  feet. 

Sedum  rhodiola. 

1400  feet. 

Saxifraga  stellaris. 



Lobelia  dortmanna. 

Iris  pseudacorus. 
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ScAEDATJN  Lake,  N.-E,  Cornee. 

860  feet. 

Narthecium  ossifraga. 
Carex  rigida  (lower  limit). 

Isoetes  lacustris. 

Nephinbeg. 

2060  to  1900  feet. 

Carex  rigida. 

South  Side. 

1425  feet. 

Erica  cinerea. 

1325  feet. 

Holcus  lanatus. 

850  feet. 

Eleocharis  nmlticaulis. 

GlANAMOEIG,  DOWN  N.-W. 

2100  feet. 

Salix  herbacea.  |  Carex  rigida. 
1750  feet. 

Nartbecium  ossifragum. 

1700  feet. 

Salix  herbacea  (lower  limit). 

1600  feet. 

Carex  rigida  (lower  limit). 

400  feet. 

Hymenopbyllum  tunbridgense. 

325  feet. 

Antennaria  dioica.  |  Arctostapbylos  uva-ursi. 

EiDGE  South  of  Gienamoeig, 

2300  to  1750  feet. 

Carex  rigida  (abundant). 

2200  feet. 

Pea  annua. 
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Westwards  of  tHs  chain  of  mountaiiis  the  land  subsides  to  lower 

levels  along  Blacksod  Bay  and  Bellacragher  (Ballycroy)  Bay.  The 
latter  winding,  narrow  estuary,  runs  down  from  the  northwards  to 
within  an  English  mile  of  Clew  Bay  on  the  south.  This  peninsula, 
about  six  or  seven  miles  in  diameter,  is  called  Curraun  Achill,  and  is 
separated  by  the  narrow  strait  of  Achill  Sound  from  Achill  Island. 
Curraun  Achill  is  known  to  botanists  as  being  the  head-quarters  of  the 
Mediterranean  heath  in  Ireland.  It  is  all  mountainous :  consisting  of 
a  detached  peak  (1500  feet)  in  the  northern  part,  which  I  did  not 
examine,  and  a  wide  table-land  at  about  1300  feet,  rising  in  places  to 
1700  feet,  above  sea  level,  which  includes  the  chief  southern  part  of 

the  promontory.  This  table-land  is  composed  of  quartzite,  and  subse- 
quently of  horizontally  stratified  sandstones  and  conglomerates,  which 

break  away  into  regular  terraces  along  its  north-eastern  edge  of  a 
picturesque  and  unusual  character.  This  sandstone  is,  I  believe, 
lower  carboniferous ;  it  soon,  however,  gives  place  to  the  perpetual 
quartzite  forming  the  greater  part  of  Curraun.  On  the  table-land,  at 
1200  feet,  Arctostaphylos,  Empetrum,  and  Juniper  form  a  carpet, 
the  first  and  last  being  remarkably  abundant.  At  a  greater  height 
Salix  herlacea  and  Carex  rigida  were,  as  usual,  met  with,  and  with 
these  a  rarer  alpine  species,  Lycopodium  alpinum,  which  was  only 
seen  in  two  or  three  places  in  the  west. 

Ctjeeahn"  Achill,  down  Noeth-east. 
1560  feet. 

Salix  herbacea.  |  Carex  flava. 
Lycopodium  alpinum. 

1200  feet. 

Lotus  corniculatus. 

Arctostaphylos '  uva-ursi . Armeria  maritima. 

Plantago  maritima. 
Empetrum  nigrum. 
Juniperus  nana. 

200  feet. 

Hymen ophy Hum  tunbridgense.  |  H.  unilaterale. 

150  feet. 

Erica  mediterranea. 

South  of  Feeet,  neae  Sea  Level. 

Sparganium  natans.  |  Ehynchospora  alba. 

The  Island  of  Achill  is  shaped  somewhat  as  a  right-angled  triangle, 
the  shorter  sides  running  due  north  and  south,  east  and  west.     From 
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the  north-east  corner  it  is  about  fifteen  miles  to  Achill  Head,  the 

western  extremity,  and  about  the  same  distance  along  Achill  Sound  to 
Achill  Beg  Island  on  the  extreme  south.  The  base  line  from  north- 

west to  south-east  is  curved  far  inwards,  and  the  whole  coast  line 

thoroughly  "  nook-shotten."  The  ferry  by  which  the  island  is  reached 
lies  about  the  middle  of  the  eastern  side  of  the  island.  It  is  hardly  a 

stone's  throw  across,  and  fordable  at  low  water.  From  this  point  to 
the  missionary  settlement  on  the  northern  coast  of  the  island  is  about 

ten  miles,  where  comfortable  quarters  are  available  at  Mr.  Sheridan's 
hotel,  whose  enthusiastic  love  for  natural  history,  and  ability  and  wil- 

lingness to  act  as  guide,  add  to  the  iaterest  of  a  visit.  The  settlement 
is  situated  at  the  eastern  base  of  Slieve  More,  2204  feet,  the  highest 
poiat  of  Achill.  This  mountain  slopes  gradually  to  the  sea.  Soon, 
however,  the  coast  line  rises  again,  becoming  more  and  more  precipi- 

tous, till  it  finally  culminates  in  the  noble  range  of  cliffs  at  Croghaun, 
2192  feet,  about  five  miles  west  of  Slieve  More.  A  day  along  these 
higher  parts  of  Achill  gave  the  undermentioned  results.  The  forma- 

tion is  quartzite  chiefly,  and  the  flora  appears  uninteresting.  I  searched 
several  likely  places  for  the  more  remarkable  west  of  Ireland  plants ; 
but,  with  the  exception  of  London  Pride  and  Maiden  Hair  fern,  none 
were  met  with.  The  discovery  of  the  latter  is  not  due  to  me ;  but  it 
has  not,  I  think,  been  previously  recorded.  As  I  had  expected,  the 
alpine  sedge  and  willow,  so  prevalent  in  the  west,  occur  at  suitable 
heights  on  the  quartzite  of  Achill. 

Slieve  More  (down  East  and  Noeth-East). 
2200  feet. 

Oxalis  acetosella. 

Yaccinium  myrtillus. 
Armeria  maritima. 

Empetrum  nigrum. 
Plantago  maritima,  &c 

2080  feet. 

Saxifraga  stellaris. 

2030  feet  (and  upwards). 

Salix  herbacea  |  Carex  rigida 
1730  feet. 

Saxifraga  umbrosa  (and  up- 
wards) 

Melampyrum  pratense 

Pyrus  aucuparia. 
Sedum  rhodiola. 

Solidago  virgaurea. 
Luzula  sylvatica. 
Carex  flava. 

Hymenophyllum  unilaterale. 

1430  feet. 

Hieracium  anglicum. 
Asplenium  trichomanes. 

Hymenophyllum  tunbridgcnsc. 
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At  oh  neae,  Sea  Leyel. 

Sedum  rhodiola. 
Samolus  valerandi. 

Pinguicula  vulgaris. 
P.  lusitanica. 

Oxalis  acetosella. 
Salix  herbacea. 

Saxifraga  stellaris. 

Polygala  depressa. 
Pinguicula  vulgaris. 

Empetrum  nigrum. 
Salix  repens. 

Scirpus  savii. 
Koeleria  cristata. 

Ceoghatjn. 

1900  feet. 

Lastroea  dilatata. 

Hymenopliylluni  wilsoni. 

NoETH    Face. 

1825  feet. 

I  Carex  rigida. 
East   Side. 

1480  feet. 

Narthecium  ossifragum. 
Juncus  effusus. 

Scarce. 

South   Side. 

1300  feet. 

Arctostaphylos  uva-ursi.   ) 
Juniperus  nana.  ) 

East    Side. 

800  feet. 

Pinguicula  lusitanica. 

800  feet. 

Sedum  anglicum. 

Neak  Sea  Level. 

Adiantura  capillus- veneris. 

At  the  ferry  at  Achill  I  observed  Senebiera  didyma — the  most 
northern  point  it  seems  to  have  spread  to  on  the  west  of  Ireland. 
Near  Newport,  by  the  roadsides  and  elsewhere,  were  observed  JEupa- 
torium  cannahmum,  Pastinaca  sativa,  Carex  teretiuscula,  and  Juncus 
glauGus ;  and  in  a  brackish  pond,  Carex  vidpina  and  Ruppia  maritima. 
None  of  these  last,  except  Eupatorium,  which  appeared  to  me  very 

rare  in  the  western  mountainous  districts,  are  recorded  in  the  "  Cybele 
Hibernica"  from  District  8.     Between  Newport  and  Mulraney  I  saw 
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Apium  graveolens,  Bidens  cernua,  B.  tripartita,  Scirpus  talernmmontani, 
and  Sparganium  nutans,  the  latter  being  especially  plentiful  in  a  pond 

about  half  way  on  the  seaward  side  of  the  road.  A  -willow,  apparently 
Salix  purpurea,  in  wet  hedges  along  the  roadside  between  Newport 
and  Westport,  may  be  worth  examining  when  in  fiower,  but  it  is  pro- 

bably planted. 
The  mountains  of  Mayo  considered  so  far  lie  to  the  north  of  Clew 

Bay.  I  shall  now  describe  the  vegetation  of  those  situated  in  the 
southern  part  of  the  county.  There  is  a  considerable  increase  in  the 
variety  of  species  to  be  met  with  both  of  lowland  and  mountain  plants, 
as  compared  with  the  barren  district  we  are  leaving  behind.  There  is 
also,  fortunately,  a  considerable  increase  in  the  accommodation  to  be 
met  with;  and,  although  there  are  no  more  maritime  cliffs  akin  in 
grandeur  to  those  of  Achill,  there  is  far  more  loveliness  of  lake  and 
mountain  scenery,  ever  increasing  as  we  travel  south  to  Connemara. 
The  most  conspicuous  feature  on  the  southern  side  of  Clew  Bay,  per- 

haps in  the  whole  west  of  Ireland,  is  Croaghpatrick,  2510  feet.  This 
mountain  is  easy  of  access  from  Westport,  there  being,  I  believe,  a 
bridle-path  to  the  summit;  and  I  had  almost  concluded,  since  no 
plants  of  interest  have  been  accredited  to  it,  that  it  had  been  long 
known  to  contain  none,  the  more  so  since  it  appeared  to  be  composed 

of  the  inevitable  and  inhospitable  quartzite.  The  '^  Cybele  Hibernica  " 
has  but  two  records  from  Croaghpatrick,  Silene  maritima  and  Armeria 
maritwia,  both  unimportant.  These  are  due  to  Dr.  Patrick  Browne. 
The  mountain  has  therefore  been  botanized ;  and,  since  it  is  the  Irish 
locality  for  the  only  Irish  alpine  butterfly,  Erehia  Cassiopeia,  as  I  am 
informed  by  Mr.  More,  it  has  by  no  means  escaped  the  attention  of 
naturalists.  Fortunately,  however,  I  determined  to  try  for  myself, 
and  a  fine  northern  face  of  precipitous  declivities  looked  and  proved  to 

be  worthy  of  a  botanist's  attention.  Before  describing  the  flora  of 
Croaghpatrick,  I  must  say  one  word  for  the  view  from  the  summit. 
It  does  not  equal  in  grandeur  that  from  Carran  Tuohill,  or  in  rugged 

wildness  thatfi'om  Slieve  Snacht  West  in  Donegal;  but,  as  I  think,  no 
other  point  in  Ireland,  with  its  wide  and  varied  prospect  of  lake  and 
mountain,  island  and  ocean,  gives  a  scene  of  such  surpassing  loveliness 
as  Croaghpatrick. 

"  The  Eeek,"  as  this  mountain  was  formerly  called,  sloping  gradu- 
ally to  the  water's  edge  as  it  does,  is  well  suited  for  noticing  the 

vertical  range  of  plants.  Greater  accuracy  with  the  aneroid  was  per- 
haps here  arrived  at  than  in  the  previous  ranges,  so  that  a  more 

copious  series  of  observations  will  be  recorded.  These  were  chiefly 
taken  on  the  northern  face,  and  on  this  face  an  interesting  assemblage 
of  alpine  plants  was  discovered.  These  were  :  Oxyria  reniformis,  Saus- 
surea  alpina,  Jlialictrum  alpinum,  Asplenium  viride,  and  Salix  herlacea, 
as  well  as  other  commoner  ones,  all  in  plentiful  quantity.  Saussurea 
alpina  has  not  been  previously  gathered  in  Mayo  or  Galway.  Thalic- 
trum  alpinwn  and  Asplenium  viride  only  in  a  single  locality  each.  Carex 
rigida,  as  is  sometimes  the  case,  is  supplanted  here  by   Carex  fla/va. 



714 Proceedings  of  the  Royal  Irish  Academy. 

Tlie  rock,  or  rather  sliingle,  amongst  which,  these  plants  grow  is  a 
rapidly  disintegrating  schistose  rock.  The  slopes  are  very  steep  and 
of  insecure  footing,  but  with  a  little  care  all  these  plants  may  easily 
be  viewed,  and  the  risk  is  rather  that  of  a  slide  upon  gravel  than  a  fall 
amongst  cliffs. 

Croaghpateick:. 

Summit,  2510  feet. 
The  first  twelve  of  Nephin  and  Eumex  acetosella 

Juncus  squarrosus.  j  Poa  annua. 

Down  Sotjth-East. 
2350  feet. 

■     •  Carex  binervis. 

1850  feet. 

Eriophorum  vaginatum. 

1740  feet. 

Juniperus  nana.  |  Lycopodium  selago. 

1690  feet. 

Erica  cinerea  (begins). 

1670  feet. 

Antennaria  dioica. 

Down   ]S"oeth. 
1900  feet. 

Viola  sylvatica.  |  Jasione  montana. 
Melampyrum  pratense. 

1850  feet. 

IIppee,  Limit  of  Alpine  Plants. 

Salix  herbacea. 
Carex  flava. C.  pilulifera. 

C.  binervis. 

1800  feet. 

Asplenium  viride. 

1740  feet. 

Sedum  rhodiola. 
Hedera  helix. 

Euphrasia  officinalis 
Polypodium  vulgare. 

Oxyria  reniformis. 
Blechnum  boreale. 

Asplenium  viride. 
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Ckoaghpateice — continued. 

Cardamine  hirsuta. 

Sagina  procumbens. 
Rubus  saxatilis. 
Scabiosa  succisa. 

Senecio  jacoboea. 
Hieracium  anglicnm. 

1650  feet, 

TaraxacTim  dens  leonis. 
Hieracium  anglicum. 
Primula  vulgaris. 
Carex  panicea. 

Lastroea  dilatata. 

1630  feet. 

Ebinantbus  crista-galli. 
Plautago  lanceolata. 

Lastroea  filix-mas  (var.  abbreviata). 

1590  feet  to  1570  feet. 

Eanunculus  repens. 
Thalictrum  alpinum. 
Viola  sylvatica. 
Poly  gala  vulgaris. 
Oxalis  acetosella. 
Sedum  rhodiola. 

Angelica  sylvestris. 
Saussurea  alpina  (lower  limit) 
Crepis  paludosa. 
Taraxacum  densleonis. 

Campanula  rotundifolia. 
A.  viride  (lower  limit). 

1560  feet. 

Erica  cinerea  (begins). 

1390  feet. 

Dabseocia  polifolia. 

1370  feet. 

Oxyria    reniformis   (lower limit). 

Primula  vulgaris. 
Pinguicula  vulgaris. 
Thymus  serpyllum. 
Euphrasia  officinalis. 
Salix  herbacea  (lower  limit), 
Carex  flava. 

Eriopborum  polystachyon. 
E.  vaginatum. 
Asplenium  trichomanes. 

Ranunculus  flammula. 

Cardamine  pratensis. 
Viola  palustris. 
Trifolium  repens. 

Digitalis  purpurea. 

Stellaria  uliginosa. 
Cerastium  triviale. 

Myosotis  repens. 
Callitriche  platycarpa. 

1300  feet. 

Pteris  aquilina. 

1280  feet. 

I  Orchis  maculata. 
1170  feet. 

Erica  tetralix. 
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Ceoaghpatbick — continued. 

1000  feet. 

SoKdago  yirgaurea.  I  Empetrum  nigrum  (lower 

j  limit). 
820  feet. 

Carduus  palustris,  |  AnagalHs  tenella. 

630  feet. 

Cotyledon  umbilicus. 
Pyrus  aucuparia. 

S cilia  nutans. 
Lastrsea  semula. 

300  feet. 

Ulex  europaeus. 

250  feet  (Cultivation  begins). 

At  sea  level,  at  the  base  of  Croagbpatrick,  I  noticed  on  the  soutb. 

side  of  tbe  road  in  deep  ditcbes  by  a  -pond  Alisma  ranuncuhides,  Sparga- 
nium  natafzs,  and  Carex  paniculata  ;  and  on  tbe  sbore  at  the  north  side  of 
tbe  road,  Kcehria  cristata,  Carex  extensa,  C.  distans,  and  Statice  iahu- 
siensis,  with  commoner  species.  Statice  has  not  been  found  north  of 

Clifden  on  tbe  west  coast  previously.  On  the  way  to  "Westport  I 
noticed  (Egopodium  podagraria,  not  before  recorded  from  western  Mayo 
or  Gal  way. 

From  the  summit  of  Croagbpatrick,  the  most  prominent  group  of 
mountains  in  view  is  that  of  Mweelrea,  about  eight  or  ten  miles 

distant  in  a  south-westerly  direction.  Mweelrea,  2688  feet,  is  the 
highest  summit  in  the  west  of  Ireland,  north  of  Brandon.  Seen  at  a 
distance  it  appears  to  be  continuous  with  tbe  rest  of  the  mountain 
land  around  Doo  Lough,  and  these  high  table-lands,  north  of  Killary 
fiord  at  the  south-west  corner  of  Mayo,  will  be  best  considered  as  one 
mass  divided  into  three  distinct  portions  by  low-lying  river  valleys. 
These  mountains  are  composed  of  Silurian  slates  chiefly  with  sand- 

stones, schists,  and  conglomerates,  and  we  no  longer  meet  with  the 

dome-shaped  or  conical  summits  usual  to  the  quartzite  formation.  At 
Cead-na-binnian  there  is  a  considerable  exposure  of  gneiss.  Plateaus 
bounded  by  long  ranges  of  precipices,  ridges,  and  gullies,  ending  in 
ravines  with  sheer  sides  and  dangerous  nooks  and  corners,  promised 
well  for  alpine  botany.  Amongst  these  I  climbed  every  day  for  a 
week  in  constant  expectation,  but  I  met  with  no  such  variety  as  I  had 
hoped  :  there  were,  however,  some  interesting  discoveries  made. 

Taking  the  southern  end  of  Doo  Lough  as  the  centre,  the  three 
valleys  dividing  tbe  mountains  radiate  at  about  equal  angles  from  this 
poiat.     Of  these,  one,  that  of  Delphi,  Fin  Lough,  and  Bundorragba 
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river,  runs  a  little  west  of  south  to  Killary  fiord  ;  Tvhile  a  second,  that 
of  Glenummera  river,  Tawnyard  Lough,  and  Owenduff  river,  runs 
east  to  the  Erriff.  Between  these  two  valleys  and  that  of  the  Erriff 
on  the  south,  none  of  which  are  more  than  200  feet  above  sea  level, 

lies  a  triangular  tract  of  land  rising  gradually  westwards  to  table- 
lands, and  ridges  about  2300  feet.  These  have  no  name  on  the  Ordi- 
nance Map,  and  other  sources  gave  me  choice  of  Ben  Cregan, 

Cead-na-binnian,  or  Ben  Gorm,  to  stand  for  the  mass.  The  third 
valley  is  that  of  Doo  Lough,  Lough  Cullin,  and  Lough  Connel, 
running  north-west,  and  leading  us  by  low  levels  to  the  sea.  Be- 

tween it  and  the  Glenummera,  or  rather  to  the  north  of  these  valleys 
lies  a  mountainous  tract,  reaching  a  height  of  over  2400  feet  in  several 
points  and  ridges,  and  cut  into  by  valleys,  of  which  the  chief  is  that  of 
the  Glen  Laur  river  ;  the  highest  point  lies  above  Doo  Lough,  and  is 
called  by  the  natives  Delphi  mountain,  while  running  east  from  it  is  a 
long  elevated  spur,  called  Loughty  mountain,  ending  in  the  Glen  Laur 
valley.  As  before,  the  inch  Ordinance  Map  gives  no  name  for  these 
mountains.  To  the  west  of  Doo  Lough  valley,  and  enclosed  by  it, 
Killary  fiord  and  the  Atlantic,  lies  Mweelrea  fronting  the  mouth  of 
the  fiord  and  curving  in  a  grand  tabular  ridge,  2600  feet  high,  to  the 
north,  above  two  tarns  in  a  coomb  at  1200  feet.  This  ridge  bounds 
a  long  valley,  that  of  the  Owenaglogh  river,  with  an  eastward  sweep 
till  it  terminates  in  abrupt  declivities  above  Lough  Doo  and  in  the 
black,  barren,  sunless  precipices  and  gorges  of  Ascokeerin,  around  the 
head  of  Glencullin.  These  latter  I  climbed  from  base  to  summit, 
full  of  hope,  2000  feet  of  cliffs,  but  they  yielded  no  rarities. 

In  average  weather  the  scenery  here  is  delightful,  and  there  is 
much  to  interest  the  lover  of  nature.  At  the  mouth  of  the  Eillary  I 
saw  a  pair  of  golden  eagles  upon  two  occasions,  and  choughs,  ravens, 
and  peregrines,  all  were  met  with.  The  pass  of  Delphi  and  Doo  Lough, 
buried  ia  the  mountains,  are  the  most  imposing  scenes  of  wild  gran- 

deur in  the  west. 

I  spent  a  week  amongst  these  mountains,  chiefly  at  higher  levels, 
of  which  I  made  a  careful  examination.  One  or  two  of  the  lakes  at  low 

levels,  and  the  Atlantic  coast  line,  I  did  not  explore,  these  being 
somewhat  outside  my  subject.  I  endeavoured  here,  however,  as  in 
Kerry  last  year,  to  obtaia  a  knowledge  of  the  lowland  flora  of  the 
immediate  neighbourhood  with  a  view  to  seeing  what  species  are 
unable  to  ascend  the  slopes  ;  and  what  mountain  plants  can,  in  so 
tempting  a  situation,  descend  to  sea  level.  I  will  first  give  an  account 
of  the  northern  section  of  the  Mweelrea  mountain  group,  starting  as 
usual  with  the  highest  point.  The  commoner  species  are  not  repeated, 
but  will  be  enumerated  under  the  highest  summit  of  all,  Mweelrea. 
The  alpine  species  occurring  are,  Oxyria  reniformis,  Saxifraya  stellaris, 
S.  oppositifoUa,  Vaccinium  vitis-idcea,  Lycopodium  alpimcm,  Salix 
herhacea  and  Carex  riyida,  the  last  three  and  Saxifraya  stellaris  alone 
being  frequent.  The  other  three  occur,  together  with  Cystopterisfrayi- 
lis,  very  sparingly  in  one  place  only. 
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Achillea  millefolium. 

Plantago  maritima  (var 
alpina). 

Delphi  Mt.,  neab  Stjjimit. 

2550  feet. 

P.  lanceolata. 

Down  "West. 
2000  feet. 

Equisetum  palustre. 

Dowi7  South-'West,  above  Lotjgh  Doo. 
1600  feet. 

Dabeocia  polifolia. 

1550  feet. 

Rosa  pimpinelloides. 
Lonicera  periclymenum. 

Salix  aurita. 

Juniperus  communis. 

1500  feet. 

Betula  alba. 

800  feet. 

Pteris  aquilina. 

600  feet. 

Ilex  aquifolium. 

400  feet. 

Carex  paUescens. 

LOUGHTT  Mt. 

(Ridge  above  Lough.  Pawn). 

CM  2458  feet. 

Lycopodium  alpinum. 

2400  feet. 

Geum  rivale. 

Saxifraga  oppositifolia. 
Antennaria  dioica. 
Vaccinium  vitis-idcea. 

Oxyiia  reniformis. 
Salix  herbacea. 

Cystopteris  fragilis. 
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LouGHTY  Mt. — continued. 

2350  feet. 

Achillea  millefolium. 
Leontodon  autumnalis. 
Armeria  maritima. 

Plantago  maritima  (var.    al- 

pina). 
Eriophorum  polystachyon. 

Down  to  Gtlen  Latjk. 

1750  and  1630  feet. 

Dabeocia  polifolia  (appears.) 

1050  feet. 

Saxifraga  stellaris.  |  Montia  fontana. 
770  feet. 

Erica  tetralix  (appears.)  |  Myrica  gale  (appears.) 

630  feet. 

Epilobium  palustre. 
Pyrus  aucuparia. 

Betula  alba. 
Salix  aurita. 

500  feet. 

Cratsegus  oxyacantha. 

By  Glen  Laue  Eivek,  neae  Sheffey. 

250  feet. 

Kosa  tomentosa. 

Stachys  palustris. 

Habenaria  cblorantha. 
Ceterach.  officinarum. 

LowEK  Down,  to  Eeriff  Meeting. 

Thalictrum  minus  (var. 
flexuosum). 

Sarotbamnus  scoparius. 
CEnantbe  crocata. 

Yiburnum  opulus. 

Crepis  paludosa. 
Plantago  maritima  (inland locality). 

Utricularia  intermedia. 
Habenaria  albida. 

LouGHiY  Mt.,  Down  South  to  Glenummeea. 

2050  feet. 

Empetrum  nigrum.  |  Cerastium  triviale. 

1250  feet. 

Bellis  pcrennis. 

K.  I.  A.  rUOC,  SEU.   II.,  VOL.  III. — SCIENCE.  3  Y 
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LoTJGHTT  Mx.  Down  South  to  Glenummeea — continued. 

500  and  400  feet. 

Carex  fulra.  I  C.  oederi. 

ElDGE  BET-WEEN  GlENUMMEEA  AND  EeEIEE. 

1000  feet. 

Orchis  latifolia.  |  Carex  fulva. 

Crossing  the  Grlenummera  river  we  come  to  Ben  Cregan  and  Ben 
Gorm. 

The  alpine  species  met  with  are  :  Oxyria  reniformis,  Salix  herlacea, 
and  Carex  riyida. 

Ben  Goem  Table-iand 

(Down  north  and  west  towards  Delphi). 
2200  feet. 

Potentilla  tormentilla. 

Saxifraga  umbrosa. 
Galium  saxatile. 
Jasione  montana. 

Calluna  vulgaris. 
Vaccinium  myrtillus. 
Thymus  serpyllum. 
Luzula  campestris. 

Viola  sylvatica. 
Salix  herbacea. 

Carex  pilulifera. 

2150  feet. 

Juncus  squarrosus. 
Ereophorum  vaginatum. 
Carex  pilulifera. 
Nardus  stricta. 

Agrostis  vulgaris. 
Aira  alpina. 
Festuca  ovina. 

C.  rigida. 
Blechnum  boreale. 

2100  feet. 

Campanula  rotundifolia.  |  Antennaria  dioica. 

1940  feet. 

Pinguicula  vulgaris.  |  Orchis  maculata. 

1850  feet. 

Oxalis  acetosella. 

Asplenium  dilatatum. 
Hymenophyllum  unilaterale. 

1550  feet. 

Plantago  maritima. 
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Ben  Goem  Table-laot) — continued. 

1200  feet. 

Digitalis  purpurea. 

,     750  feet. 

Pteris  aquilina. 

200  feet. 

Myrica  gale.  |  Carex  fulva. 

Down  Soitth  to  Kjlla.ey. 

2050  feet. 

721 

Erica  cinerea. 

Pinguieula  vulgaris. 

IN'artliecium  ossifragum. 
Eriophorum  polystachyon. 
Carex  panicea. 

2030  feet. 

Viola  palustris. 

C.  flava. 
Aira  flexuosa. 

A.  coespitosa. 

Lycopodium  selago. 

Scirpus  csespitosus. 

1900  feet; 

Lycopodium  clavatum. 

1850  feet. 

Salix  herbacea. 

1600  feet. 

Luzula  campestris. 

1350  feet. 

Dabeocia  polifolia. 

1100  feet. 

Drosera  rotundifolia. Schoenus  nigricans. 

800  feet. 

Anagallis  tenella. 

Down  Eabt  to  Ashleach  Beidge. 

2030  feet. 

Armeria  maritima.  1  Carex  rigida. 
Oxyria  reniformis. Hymenophyllum  unilaterale. 
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Down  East  to  Ashleach  Beidge — continued. 

1880  feet. 

Empetmm  nigrum.  j  Salix  herbacea. 
800  feet. 

Erica  tetralix. 

"Wet  Bog  by  Eeeifp  Kivee. 
Carex  filiformis. 

We  will  next  examine  Mweelxea,  not  only  the  highest  mountain 
in  Connaught,  but  with  much  the  most  considerable  extent  of  elevated 
ground.  The  alpine  species  are :  Saxifraga  stellaris,  Sedum  rhodiola, 
Hieracium  anglicum,  S.  iricum,  Ardostaphylos  uva-ursi,  Oxyria  retii- 
formis,  Salix  herbacea,  Carex  rigida,  Air  a  alpina,  Lycopodium  alpinum, 
L.  selaginoides,  Isoetes  lacustris. 

MWEELEEA    SmviMIT. 

2680  feet. 

Potentilla  tormentilla. 

Saxifraga  umbrosa. 
Calluna  vulgaris. 
Vaccinium  myrtillus. 
Thymus  serpyllum. 
Humex  acetosa. 
E..  acetosella. 

Eriophorum  vaginatum. 
Carex  pilulifera. 

C.  binervis. 

Scirpus  csespitosus. 
Luzula  sylvatica. 
L.  campestris. 
Juncus  squarrosus. 
Nardus  stricta. 
Anthoxanthum  odoratum. 

Agrostis  vulgaris. 
Aira  csespitosa. 

Campanula  rotundifolia. 
Solidago  virgaurea. 
Melampyrum  pratense 

Eestuca  ovina. 

2640  feet. 

Armeria  maritima. 

2600  feet. 

Plantago  maritima. 
Salix  herbacea. 

Carex  rigida. 
Aira  flexuosa. 

East  and  South-east  to  Btjndoeeagha. 

2590  feet. 

Hymenophyllum  unilaterale. 
2440  feet. 

Salix  herbacea. 
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East  and  South-east  to  Bi^boeeagha — eontinued. 

2380  feet. 

Lastrcea  filix-mas.  |  L.  dilatata. 
Polypodium  vulgare. 

2250  feet. 

Bleclinum  boreale. 

2000  feet. 

Hypericum  pulchrum.  |  Pedicularis  sylvatica. 

1900  feet. 

Kununciilus  ficaria. 
Stellaria  uligiriosa. 

Poa  annua. 

1850  feet. 

Digitalis  purpurea. 
Primula  vulgaris. 

Vicia  sepium.  j  Epilobium  palustre. 
LysimacMa  nemorum. 

1600  f-eet. 

Asplenium  trichomanes. 

1520  feet. 

Thalictrum  minus.  Hieracium  anglicum. 
Lathyrus  macrorrhizus.  Plantago  lanceolata. 

1500  feet. 

Stellaria  uliginosa.  |  Epilobium  montanum. 
Plantago  lanceolata. 

1430  feet. 

Trifolium  repens.  |  Sedum  rhodiola. 

1370  feet. 

Thalictrum  minus.  |  Carduus  palustris. 
Salix  aurita. 

1330  feet. 

Veronica  cliamaedrys. 

1260  feet. 

Antennaria  dioica. 
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Level   of   Lugaloughaitk 

1205  feet. 

Eammculus  repens. 
E,.  acris. 
R.  flammula. 

Subularia  aquatica. 
Alchemilla   vulgaris    (var 

montana). 

Galium  palustre. 

Myriophyllum  altemiflorum. 
Callitriche  hamulata. 

Senecio  aquatica. 
Lobelia  dortmanna. 
Littorella  lacustris. 

Potamogeton  natans. 

Sparganium  minimum. 
Eleoetaris  palustris. 

Down  OtraEE  Eidge,  Southwaeds. 

1100  feet. 

Spirea  ulmaria.  I  Hedera  helix. 
Lathyrus  macroiThizus.  i  Dabeocia  polifolia. 
Lonicera  periclymenum.  |  Erica  tetralix. 

Schoenus  nigricans. 

1050  feet. 

Carex  glauca. 

1020  feet. 

CaUitriche  platycarpa.  |  Prunella  vulgaris. 
Carex  vulgaris. 

1010  feet. 

Salix  phylicifolia  (upper  limit). 

1000  feet. 

Juniperus  nana.  |  Salix  repens. 

980  feet. 

Potamogeton  polygonifoKus. 
Carex  ampullacea. 

C.  stellulata. 
Lastroea  oemula. 

900  feet. 

Osmunda  regaKs. 

750  feet. 

Drosera  anglica.  |  D.  intermedia. 

650  feet. 

Pinguicula  lusitanica. 
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Down  Oxtteb  Kidge,  Sot7thwaiu)s — continued. 

550  feet. 

Salix    phylicifolia    (lower  Myrica  gale. 
imit). 

300  feet. 

Lycopodium  selaginella. 

Down  Centeai  (Owenagloch  Valiet). 

480  feet. 

Cynosurus  cristatus. 
Poa  fluitans. 

Lastroea  oreopteris. 

Pyrus  aucuparia. 
Ilex  aquifolium. 

450  feet. 

Equisetum  sylvaticum. 
E.  limosum. 

Pteris  aquilina. 

Eraxiniis  excelsior. 

Arundo  phragmites. 

Down  Cliffs  S.  E.  to  Ltjgalotjghaijn  Lake. 

2240  feet. 

Saxifraga  stellaris.  |  Oxyria  reniformis. 

2100  feet. 

Rammculus  acris. 
Cardamine  hirsuta. 
Cerastium  triviale. 

Angelica  sylvestris. 
Chrysosplenium    oppositi- 

foliuEQ. 

Taraxacum  dens-leonis, 
Euphrasia  officinalis. 
Jasione  montana. 
Air  a  alpina. 

Lycopodium  selagiaoides. 

1960  feet. 

Valeriana  officinalis  (and  at  lake). 

1650  feet. 

(lower  limit). 
Saxifraga  stellaris. 
Oxyria  reniformis. 

1400  feet. 

Erica  cinerea  (upper  limit). 
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Thalictrum  minus. 

Down   South  to   Btjnnaglass. 

2500  feet. 

Leontodon  autumnale. 

2400  feet. 

Viola  palustris.  |  Orchis  maculata. 

2000  feet. 

Hypericum  pulchrum. 

1800  feet. 

I  Carex  rigida. 

1600  feet. 

Carex  vulgaris. 

1500  feet. 

I  Daheocia  polifolia. 

1140  feet. 

Salix  repens. 

1000  feet. 

Carduus  pratensis. 

800  feet. 

Carex  fulva. 

Erica  cinerea. 

Erica  tetralix. 

Myrica  gale. 

700  feet. 

Arctostaphylos    uva-ursi   (to sea). 

Pteris  aquiliua. 

Quercus  robur. 

500  feet. 

Kosa  pimpinellifolia.  |  Sedum  anglicum. 

130  feet. 

Eubia  peregrina. 

100  feet. 

Erica  mediterranea. 
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KOUND  E.IDGE  ABOVE  L.  liELLAWAUM  TO  LoiTGH  DoO,  EaSTWAEDS. 

2450  feet. 

Cerastium  triviale.  |  Carex  pilulil'era. 
2000  feet. 

Carex  piilicaris. 

1600  feet. 

Hieracium  anglicum.  |  Molinia  coerulea. 

1450  feet. 

Carduus  pratensis. 

1400  feet. 

Pyrus  aucuparia. 

940  feet. 

Pteris  aquilina. 

550  feet. 

Carex  pallescens. 

AscoKEEEiN  Cliffs,  Easiwaeds  to  Glekculle:n". 
2660  feet. 

Sedum  rhodiola.  |  Carex  rigida. 

1640  feet. 

Carex  rigida. 

1450  feet. 

Thalictrum  minus,    to    400    j  Chrysospleniiim   oppositi- 
feet.  j  folium. 

Primula  vulgaris. 

400  feet. 

Sauicula  ouroproa.  |  'Ilex  aquifolium. 
Eetula  vulgaris. 

East  of  L.  Bella waum  to  Taavnyornan,  Southwards. 

2500  feet. 

Thymus  serpyllum.  |  Aira  alpiiia. 
Lycopodium  alpinum. 

K.   1.  A.  I'UOC.  .SEli.  II.,   VOL.   III. — SCIENCE.  3  Z 
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East  op  L.  Bella waum  to  Tawnyoenan,  Southwakds — continued. 

2400  feet. 

Carex  pilulifera.  _  |  C.  panicea. 

2300  feet. 

Orchis  maculata. 

2100  feet. 

Salix  herbacea. 

2000  feet. 

Carduus  pratensis. 

1900  feet. 

Angelica  sylvestris.  |  Carex  flava. 

1650  feet. 

Salix  aurita. 

1350  feet. 

Digitalis  purpurea.  |  Salix  caprea. 

1150  feet. 

Carduus  palustris. 

1100  feet. 

Juniperus  nana.  |  Equisetum  sylvaticum. 

750  feet. 

Rubus  fruticosus, 

Quercus  robur. 
Betula  alba. 
Eleocharis  multicaulis. 

To  Doo  Lottgh,  Noeth-eastwaeds. 

2450  feet. 

Salix  herbacea. 

2300  feet. 

Saxifraga  stellaris.  |  Solidago  virgaurea. 

2200  feet. 

Asplenium  dilatatura. 
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To  Doo  Lough.  North-eastwaeds — continued. 

2100  feet. 

Aira  alpina. Saxifraga  stellaris 
Carex  riffida. 

Galium  saxatile. 
Sedum  rhodiola. 

Lycopodium  selaginella. 

2050  feet. 

Pediculaiis  sylvatica. 
Lycopodium  selago. 

1900  feet. 

Carex  rigida. 

1480  feet. 

Menyanthes  trifoliata.  j  Lycopodium  selago. 

850  feet. 

Hypericum  andi'osoemum.        |  Veronica  officinalis. 
V.  cliamsedrys. 

670  feet. 

Asplenium  adiantum -nigrum. 

650  feet. 

Thalictrum  minus. 
Bunium  flexuosum. 

Sedum  rhodiola. 

Hieracium  anglicum. 
H.  iricum. 

550  feet. 

1  Campanula  rotundifolia. 
]!^ardus  stricta. 

Rubus  saxatilis. 

Thalictrum  minus. 

Jasione  montana. 

Hypochasris  radicata. 
Antennaria  dioica. 

450  feet. 

Asplenium  trichomanes. 

380  feet. 

Carex  pallescens. 
C.  pilulifera. 

350  feet. 

320  feet. 

250  feet. 

Hieracium  anglicum. 

Carex  pallescens. 

Corylus  avellana. 
Lastrcea  oemula. 
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In  afldition  to  the  alpine  species  already  mentioned  amongst  the 

Mweebea  mountains,  other  local  plants  -were  noticed  in  new  localities, 
and  may  be  separately  mentioned.  There  are  Rubia  peregrina,  Scro- 
phularia  aqiiattca,  Carex  pallescens,  C.  filiformis,  Lotus  major,  Erio- 
caulon  septangulare,  Thalictrum  minus,  JJtricularia  intermedia,  Habenaria 
fdbida,  Sparganium  miiiiimmi,  Lycopodium  clavafum,  (Enanthe  lachenalii, 
CE.  crocata,  and  Rulus  saxatilis. 

On  the  south  side  of  the  vaUey  of  the  Erriff,  at  the  head  of 

Killary  fiord,  and  north  of  Joyce's  river,  a  range  of  mountain  forms 
the  boundary  between  the  counties  Mayo  and  Galway.  From  Letter- 
brickaim,  a  village  and  hill  about  half  a-mile  east  of  Leenane,  this  high 
land  extends,  in  a  north-eastern  direction,  in  a  series  of  extensive 
and  remarkably  level  table-lands,  with  numerous  small  and  barren 
ponds  and  lakes,  at  an  elevation  of  about  2000  feet  for  about  six  miles, 

when  it  gradually  subsides.  These  mountains  are  variously  called — 
Maumtrasna,  Partry,  and  Letterbrickaun  mountains,  and  the  table-land 
is,  I  believe,  Formnamore  table-land.  They  are  chiefly  composed  of 
sandstone  and  sandstone  conglomerate,  of  carboniferous  age,  with 
considerable  areas  of  granite  and  gneiss.  The  table-land  is  a  waste  of 
disintegrated  conglomerate,  and  the  whole  chain  is  unusually  bar- 

ren. As  on  Croaghpatrick,  Carex  rigida  is  replaced  by  Carex  Jlava. 
I  have  also  noticed  this  on  the  Galtee  mountains  in  Tipperary.  The 
only  alpine  species  observed  were  Salix  herhacea,  Juniperus  fiana,  and 
the  sub-alpine  Hieracium  anglicum.  Aira  alpina,  an  alpine  form  of 
A.  coespitosa,  is  abundant. 

The  following  notes  were  taken  : — 

MAUMTEASIfA  AND  LeTTEEBEICKATN'. 

2150  feet. 

Hieracium  anglicum. 

2130  feet. 

Eriophorum  polystachyon. 

2120  feet. 

Antennaria  dioica. 

Solidago  virgaurea. 
Campanula  rotundifolia. 
Calluna  vulgaris. 

Vaccinium  myrtillus. 
Juncus  squarrosus. 
tardus  stricta. 

Aira  alpina  (and  at  2100). 

1850  feet. 

Stellaria  uliginosa  (and  at 
1750). 

Salix  herhacea. 
Carex  flava. 

Lycopodium  sclago. 
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M"ATTMTEAS!<rA  AND  LETTEKBRicKAirN' — Continued. 

1800  feet. 

Empetnim  nigrum. 

1750  feet. 

Ranunculus  ficaria. 
Geum  rivale. 

Epilobium  palustre. 
Erica  cinerea. 

LETTERBEICEArX,   DOWX  WeST. 

2000  to  1950  feet. 

Salix  herbacea. 

1900  feet. 

Dabeocia  polifolia.  |  Orchis  maculata. 

900  feet. 

Bellis  perennis.  |  Carex  vulgaris. 

Detil's  Mothee,  N.-West  Side. 

1900  feet. 

Yiola  palustris.  |  Pinguicula  vulgaris. 

1520  feet. 

Sparganium  minimum. 
Eriophorum  angustifolium. 

Carex  ampuUacea. 
•Tuncus  uliginosus. 

MaUMTEASNA  to  GOWIAN  BeIDGE,   l^OETHWARDS. 

1800  feet  to  1350  feet. 

Juniperus  nana  (upper  inland  limit). 

800  feet. 

Erica  tetralix 
Pteris  aquiL 

SiSa.      }      ^PPei'li^
t. 

750  feet. 

Myrica  gale. 
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The  last  mountains  considered.  (Maumtrasna)  are  partly  in  Mayo, 
partly  in  Galway,  and  they  are  apparently  no  great  acquisition  to 
either  county,  viewed  botanically  or  in  any  other  way. 

Travelling  southwards,  we  shall  now  take  the  Galway  mountains 
in  order,  and  there  will  be  found  on  the  whole  a  steady  increase  in 

the  number  of  alpine  plants.  "West  of  Leenane,  on  the  Killary, the  land  rises  at  once  to  form  another  chain  of  mountains  which 

stretches  southwards  to  Maumturkmore.  From  this  a  ridge  of  dome- 
shaped  quartzite  mountains  sweep  round  south-east  and  east  to  Mau- 
meen,  where  there  is  a  deeper  valley  than  elsewhere,  and  then,  bending 
more  and  more  eastwards,  it  ends  with  the  isolated  lumps  Corcogemore 
and  Leckavrea  (Shanafolia),  above  Lough  Shindillia,  at  the  Halfway- 
house  from  Clifden  to  Oughterard.  The  axis  of  this  range  would  be 
probably  about  twenty  miles ;  but  after  walking  the  whole  length, 
summit  after  summit,  from  the  Halfway-house  to  Leenane  hotel,  I 
concluded  it  to  be  nearer  double  that  distance  on  foot.  A  zig-zag 
series  of  beehives  best  gives  an  idea  of  this  remarkably  bold  and  con- 

spicuous range ;  each  beehive  being  connected  with  its  successor  and 
predecessor  by  ridges,  frequently  several  hundred,  or  even  a  thousand 
feet  down,  and  usually  altogether  out  of  the  lines  of  summits,  and  not 
even  visible  from  them,  so  that  compass  bearings  often  lead  one  far 
astray.  Add  to  this  that  the  footing  is  mostly  a  loose  detritus  of 
heavy  angular  blocks  of  quartzite,  bare  of  all  sod  or  vegetation  for 
miles,  and  it  will  readily  be  conceived  that  this  is  anything  but  a 

gentle  day's  stroll.  These  plateaux  and  truncated  mounds  seem  more 
the  shattered  remnants  of  a  mountain  range  that  nature  is  endeavour- 

ing to  efface,  rather  than  soften  with  any  of  her  charms.  "Wherever there  appeared  a  chance  I  made  detours  and  searched  for  varieties,  and 
at  the  southern  end  of  the  chain,  especially  about  Maumeen,  which  I 
examined  carefully,  I  succeeded  in  finding  a  few,  some  of  which  had 
previously  been  observed;  but,  having  passed  that  oasis,  my  object 
became  more  and  more  steadfastly  fixed  to  hurry  out  of  these  inter- 

minable wastes  before  nightfall,  and  to  visit  them  no  more.  The 
Maumturk  range  is  the  tangled  cluster  of  the  Twelve  Bens,  stretched 
out  in  a  curved  line  with  their  tops  rubbed  off.  The  heights  are  about 
the  same,  commonly  2000  feet  to  2400  feet,  and  all  are  chiefly  quartzite. 
The  chain  has,  however,  lost  most  of  its  peaks,  the  compact  mass  of  the 
Bens  having  been  better  able  to  resist  the  wearing  action  of  the  glacial 
period — during  which  time  the  ice-sheet  appears  to  have  buried  the 
highest  points  of  these  mountains — and  the  denudation  of  subsequent 
times.  The  alpine  species  observed  were  : — Thalictrum  alpinum,  Saxi- 
fraga  oppositifoUa,  S.  stellaris,  Sedum  rhodiola,  Hieracium  anglicum,  and 
its  variety,  IT.  iricum ;  Juniperus  nana,  Salix  herhacea,  Isoetes  lacustris, 
Lyeopodium  selaginella,  L.  alpinum.  Some  other  scarce  species  were  ob- 

served, as :  Aralis  hirsuta,  Sagina  subidata,  Crepis  paludosa,  Hieracium 
vulgatum  (var.  gothicum),  Listera  cordata,  Cystopteris  fragilis,  and 
Carex  filiformis ;  the  latter  only  at  the  base  of  Leckavrea.  Saxifraga 
tiinhrosa  is,  as  usual,  abundant ;  JDaheocia  polifoUa  is  an  ornament  upon 
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all  these  mountains,  south  of  Clew  Bay.    Alchemilla  suhsericea  is  a  cha- 
racteristic plant  amongst  the  alpine  species  at  Maumeen. 

UIauheek,  above  Lake  ;  Eocks  looking  East  and  Nokth. 

1930  feet. 

Sagina  subulata. 

1800  feet. 

Alchemilla  suhsericea. 

1650  feet. 

Lycopodium  selaginoides. 

1580  feet. 

Dabeoeia  polifolia. 

1520  feet. 

Thalictrum  alpinum.  |  Sagina  su.bulata. 

1200  feet. 

Ai-abis  hii'suta. 
Hieracium  anglicum. 
H.vulgatum  (yar.  gothicum?). 

Salix  repens. 
Lastrcea  aculeata,  and. 

var.  lonchitidioides. 

1100  feet. 

Linum  catharticum. 
Alchemilla  suhsericea. 

Saxifraga  oppositifolia. 
Lathyrus  macrorrhizus^. 
Crepis  paludosa. 

910  feet. 

Saxifraga  oppositifolia  (lower 
limit). 

Alchemilla  vulgaris. 

Hieracium  vulgatum  (var. 
gothicum?). 

H.  iricum. 

Corylus  avellana. 
Cystopteris  fragilis. 

Fragaria  vesca. 
Carex  pulicaris. 
C.  binervis. 

Triodia  decumbens. 

Lake. 

770  feet. 

Lobelia  dortmanna. 
Cares  stcllulata. 

Isoetes  lacustris. 
Osmunda  rcgalis. 
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Leckavkea  to  Maumwee  Lough,  South-easteeli'. 
1810  feet. 

Dabeocia  polifolia. 

300  feet. 

Carex  fulva. 

100  feet. 

C.  filiformis. 

Down    Nohth wards. 

1600  feet. 

Sagina  subulata.  |  Jiiniperus  nana. 

C  OKCOGEMOKE. 

2000  feet. 

Potentilla  tormentilla. 
Galium  saxatile. 

Saxifraga  nmbrosa. 
Scabiosa  succisa. 

Solidago  virgaurea. 
Campanula  rotundifolia. 
Calluna  vulgaris. 

Erica  cinerea  (upper  limit). 
Yaccinium  myrtillus. 
Empetrum  nigrum. 
Juncus  squarrosus. 
Carex  vulgaris. 

C.  pilulifera. 
Aira  flexuosa. 

Lycopodium  selago. 

Down  Sooth. 

1650  feet. 

Listera  cordata. 

1500  feet. 

Saxifraga  umbrosa  (disappears). 

Down  Noeth-west. 

1900  to  1600  feet. 

Salix  herbacea. 

Summit,  West  of  Coecogemoke. 

1900  feet. 

Carex  glauca. 
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Summit,  West  of  Corcogemobe — continued. 

1800  feet. 

Sedum  rhodiola.  |  Hieracium  anglicum. 

1700  feet. 

Saxifraga  stellaris. 

Ridge  to  Maumeen,  eeom  East. 

2000  to  1950  feet. 

Antennaria  dioica. 

Empetrum  nigrum. 

Salix  herbacea. 

Lycopodium  alpinum. 

Noeth  End  op  Range  ;  Glenceoft  abote  Killaet. 

300  feet. 

Nasturtium  officinale.  I  Carex  paniculata. 

Lyclinis  flos-cuculi.  j  Lastrcea  oreopteris. 

At  the  mouth  of  the  Killary,  opposite  Mweelrea,  and  a  little  south 
of  the  Little  Killary,  there  stands  an  isolated  mass  of  gneissose  moun- 

tains, of  which  Eenchoona,  1975  feet,  is  the  highest  point.  From  it 
to  another  summit,  about  half  a  mile  to  the  north-west,  the  surface  is 
only  slightly  depressed  and  very  rugged.  There  is  a  lake  near  this 
second  summit,  at  about  1800  feet,  in  which  I  gathered  Isoetes  lacus- 
tris,  with  fronds  15  inches  long.  This  detached  clump  of  mountains 
does  not  appear  to  have  been  previously  visited  by  a  botanist.  I  did 
them  on  the  afternoon  of  a  morning  spent  upon  Mweelrea;  taking  a 
boat  across  the  Killary,  and  exploring  across  the  hills  above  Salrock. 
I  was  informed  that  the  maiden-hair  fern  had  been  gathered  in  this 

'  neighbourhood  in  quantity  by  an  Englishman.  I  met  with  it  nowhere  in 
Galway.  A  few  alpine  species  were  noticed:  Thalictrum  alpinum, 
Hieracium  anglicum  (var.  iricum),  Salix  herhacea,  and  Lycopodium  sela- 
ginella ;  Thalictrum  minus  and  Sagina  subuiata  were  also  gathered. 
The  two  Thalictrums  are,  it  will  be  seen,  confined  to  distinct  zones ; 
the  latter  being  chiefly  amongst  loosely-constructed  gneissose  cliffs 
looking  north-east.  This  rock  is  frequently  uncommonly  dangerous 
to  climb.  About  Salrock  I  gathered  Rubia  peregrina,  which  I  also 
found  opposite  on  the  Mweelrea  side.  In  small  lakes  east  of  Lough 
Pee,  Eriocaulon  septangulare  is  abundant,  along  with  the  two  watei- 
liHes,  at  about  200  feet  above  sea  level.  Meocharis  multicaulis  is  now 

a  characteristic  plant,  and  much  more  abundant  than  in  Mayo.  Utri- 
cularia  intermedia  was  gathered  here  also,  and  (Enanthe  crocata,  rare  in 
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the  west,  was  observed  at  Derry-na-Sliggan,  on  tlie  shores  of  Killary 
Fiord,  as  was  also  Carex  jlava  (var.  Upidocarpa).  This  CEnanthe  be- 

comes a  sea-coast  plant  in  the  west  of  Ireland  from  Galway  north- 
wards. 

Benchoona. 

1970  feet. 

Sagina  subulata. 

1900  feet. 

I  Salix  herbacea  (to  1 680  feet). 

1800  feet. 

I  Isoetes  laenstris. 

1600  feet. 

Thalictrum  alpinum  (to  1300  feet). 

1500  feet. 

Lycopodiiim  selaginella. 

900  feet. 

Empetrum  nigrum 

Littorella  laenstris 

Thalictrum   minus    (to  680 
feet). 

Hieracium    anglicum    (var. iricum). 

700  feet. 

Asplcnium  ruta-muraria. 

500  feet. 

Alchemilla  vulgaris. Hymenophyllum  unilaterale. 

Finally,  there  remains  to  be  considered  the  mountainous  district  of 
Bennabeola — the  Twelve  Bens  of  Connemara.  There  are  in  reality 
seventeen  more  or  less  detached  summits,  from  about  1500  to  2400 
feet  in  height.  These  are  huddled  together  in  a  compact  mass,  though 
several  valleys  cut  far  into  them.  They  are  well  known  to  all  lovers 
of  mountain  scenery,  and  their  white  and  fantastic  cluster  of  rugged 
points  and  ridges  is  one  of  the  chief  beauties  and  attractions  in  the 
Connemara  district.  The  formation  is  chiefly  quartzite ;  but,  fortu- 

nately for  botanists,  one  or  two  peaks  are  mainly  composed  of  a  more 
productive  and  tractable  clayey  schist.  The  valleys  penetrating  far- 

thest to  the  heart  of  the  mountains  are.  Glen  Inagh  from  the  east, 
Glencoaghan  from  the  south,  and  Owenglin  from  the  west.  No  road 
leads  up  any  of  these  valleys  for  much  distance,  and  a  guide  would 
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invariably  bring  a  visitor  up  some  peak,  probably  Derryclare  or  Ben- 
lettery,  to  obtain  bis  view  of  the  scenery.  In  order  to  understand  and 
properly  appreciate  these  mountains,  one  should  penetrate  to  the  head 
of  these  glens  and  ascend  them.  Glencoaghan  is,  perhaps,  the  finest 
scenery;  while  Owenglin  will  lead  the  botanist  to  something  worth 
his  trouble. 

Well-known  mountains  like  these,  within  easy  access  of  good  roads 
and  first-rate  hotels,  and  famed  far  and  wide  for  their  scenery,  would 
not  be  expected  to  yield  fresh  matter  of  interest.  I  found,  however, 
a  detached  mountain  peak  here  which  was  quite  a  treat  to  study  bota- 
nically,  so  well  does  it  illustrate  the  peculiar  tastes  of  alpine  plants, 
and  such  an  interesting  assemblage  does  it  contain.  To  botanists  this 
mountain  has  been  terra  incognita,  and  I  appeal  to  them  and  others 
who  may  in  future  visit  this  locality  to  be  chary  of  gathering  speci- 

mens. In  fact,  were  it  not  that  my  labours  are  the  property  of  the 
Academy,  and  knowing  how  plants  suffer,  even  to  extermination,  from 
the  hands  of  predatory  collectors,  I  would  hesitate  ere  I  disclosed  my 
discovery. 

Muckanaght,  2155  feet,  is  about  two  and  a-half  miles  south  of 

Kylemore  :  two  other  Bens,  Benbaunbeg  ̂   and  Benfree,  intervene 
directly  in  this  line,  which  was  the  route  I  took  the  first  time  I 
visited  the  northern  side  of  Bennabeola.  The  upper  half  of  this  coni- 

cal peak  is  disconnected;  below  that  it  is  joined  by  necks  to  Benbaun 
south  on  the  east,  and  BencuUagh  on  the  west.  From  the  summit  it 
looks  into  the  heart  of  Bennabeola  on  the  east,  opening  up  ravine, 
peak,  and  ridge  in  a  most  satisfactory  manner,  and  is  altogether  the 
most  picturesquely  situated  of  the  group,  as  well  as  the  best  for  dis- 

closing the  "lay  of  the  land."  On  the  north  it  is  connected  by  a 
ridge  at  about  1000  feet  with  Benfree;  on  the  south  it  slopes  in  a 
series  of  abrupt  declivities  to  the  low  valley  at  the  head  of  Owenglin. 
The  rock  dips  eastwards,  exposing  similar  ledges  on  the  north  and 
south  faces.  No  mountain  could  be  better  adapted  for  exhibiting  the 
rigorous  laws  which  govern  the  distribution  of  alpine  plants.  On  the 
northern  face  at  least  a  dozen  species  occur,  several  of  these  profusely. 

Half  an  hour's  scramble  will  take  us  round  to  the  south  face,  to  a 
similar  series  of  rocky  declivities,  and  with  the  solitary  exception  of 
Sedum  rhodiola,  every  alpine  plant  has  disappeared,  while  lowland 
species  take  their  place  at  the  same  level,  several  reaching  unusually 
high.  The  change  is  remarkably  well  shown  here,  since  in  common 
with  other  mountains  in  the  west,  the  alpine  flora  of  Muckanaght  is 
best  developed  at  a  zone  of  1300  to  1800  feet,  and  fails  gradually  to 
the  summit,  so  that  keeping  the  same  level  around  the  side  of  the 
mountain,  this  gradual  disappearance  is  very  striking.  Salix  herhacea 
and  Carex  rigida  are  exceptions  to  the  above  general  remark.     These 

1  There  are  two  Benbauns  in  the  Twelve  Bens ;  the  northern  and  smaller  one 
may  be  called  Benbaunbeg. 
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usually — the  former  always — reach  the  summits  of  whatever  moun- 
tains they  occur  upon,  but  they  are  quite  as  rigorously  confined  to 

the  northern  and  north-eastern  faces,  where  all  faces  and  sides  are 
exposed.  Carex  rigida,  less  abundant  than  Salix,  does  not  occur 
upon  Muckanaght.  The  following  alpine  plants  grow  within  a  few 
yards  of  one  another  upon  this  mountain  : — 

ThaHctrum  alpinum. 
Sedum  rhodiola. 
Saxifraga  umbrosa. 
S.  oppositifolia. 
S.  stellaris. 

S.  coespitosa. 
Saussurea  alpina. 

Hieracium  anglicum.    \ 
H.  iricum.  ( 

Oxyria  reniformis. Salix  herbacea. 

Polystichum  lonchitis. 
Asplenium  viiide. 
Lycopodium  selaginella. 

In  company  with  these  are  Meconopsis  camhrica,  Geum  rivale, 
Crepis  paludosa,  and  Cystopteris  fragilis.  Of  these,  three,  Saxifraga 
coespitosa,  Saussurea  alpina,  and  PolysticMmi  loncliitis,  have  not  been 
previously  found  in  the  Mayo  and  Galway  mountains,  and  several  of 
the  others  in  only  one  or  two  localities.  So  great  a  variety  of  Saxi- 

frages does  not  occur  on  any  other  Irish  mountain.  I  have  included 
S.  urnhrosa  doubtfully  with  them  to  show  this  feature,  as  though  a 
mountain  plant,  it  cannot  be  considered  alpine  in  the  same  sense  as 
the  others.  Immediately  below  the  holly  fern  is  a  closely  allied  form 
of  P.  aculeatum.  I  have  noticed  these  in  company  before.  A  similar 
companionship  exists  here  and  elsewhere  in  Ireland  between  Asp>le- 
mum  trichomanes  and  A.  viride,  so  much  so  that  on  meeting  either  of 
the  lowland  forms  below,  the  others  might  almost  be  expected  above 
if  suitable  situations  occur.  One  other  observation  and  I  have  done. 

As  if  to  heighten  and  illustrate  the  different  atmospheric  conditions 
of  the  two  sides,  a  pair  of  ravens  disputed  my  intrusion  on  the  north- 
em  side  in  most  audacious  fashion,  while  a  pair  of  peregrines  have 
selected  the  south  side  for  their  breeding  ground.  The  raven  is  at 
home  amongst  plants  which  are  abundant  in  the  polar  regions,  where 

it  also  abounds :  the  peregrine,  a  more  southern  bii'd,  is  in  keeping 
with  its  surroundings.  It  is  seldom  these  two  species  breed  alongside 
of  one  another,  and  where  they  do  they  are  at  constant  war.  Nature 
has  here  allotted  to  each  its  own  fit  and  suitable  domain. 

There  is  another  station  for  alpine  plants  amongst  the  Twelve 
Bens — Ben  Lettery — which  has  been  examined  by  botanists.  This 
point  lies  about  two  and  a-half  miles  south  of  Muckanaght,  across 
the  wide  valley  at  the  head  of  the  Owenglin  river,  and  is  immedi- 

ately above  Ballynahinch  Lake  and  the  public  road  on  the  south.  Its 
northern  face  thus  looks  out  on  Muckanaght,  and  though  the  southern 

side  and  upper  parts  from  the  summit  to  about  1500  feet  are  ban-en 
and  composed  of  quartzite,  yet  below  that  level  schistose  rocks,  and 
with  them  alpine  plants,  appear.  Lycopodium  alpinum  and  ThaHctrum 
alpinum  have  been  recorded  from  here  by  Wade.     The  latter  species 
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lias  been  verified  by  Isaac  Carroll,  who  has  also  recorded  Saxifraga 
ojypositifolia  and  Asjilenium  viride.  The  rarest  species,  Scmssurea  alpina, 
wbicli  is  plentiful  on  the  same  ground,  lias  not  been  recorded.  I  could 
not,  however,  meet  with  Lycopodium  alinnum  on  Bennabeola  ;  although 
being  a  plant  fond  of  siliceous  soil,  and  occurring  elsewhere  in  the 
neighbourhood,  it  is  likely  enough  to  occur,  and  may  have  been  passed 
over.  On  Ben  Lottery,  the  upper  limit  of  the  alpine  species  is  simply 
determined  by  the  change  of  rock  to  quartzite. 

BeN^COEE  AXD  BekBATJI^,  DOWK  jS^OETH  towards  KlSrOCKPASHEEJIOEE. 

2890  to  2310  feet. 

Potentilla  tormentilla. 
Galium  saxatile. 

Saxifraga  umbrosa. 
Euphrasia  officinalis. 
Calluna  vulgaris. 
Yaccinium  myrtillus. 
Empetrum  nigrum. 
Juncus  squarrosus 

Silene  maritima. 

Solidago  virgaurea. 

Scii'pus  coespitosus. 
Carex  binervis. 

C.  pilulifera. 
Anthoxanthum  odorantum. 
Aira  flexuosa. 

Agrostis  vulgaris. 
Lastroea  dilatata. 

Polypodium  vulgare. 
Lycopodium  selago. 

2250  feet. 

Armeria  maritima. 

Aira  coespitosa. 

1900  feet. 

Dabeocia  polifolia. 

1850  feet. 

Stellaria  uliginosa. 

1800  feet. 

Molinia  cserulea.  |  Erica  cinerea. 

1200  feet. 

Pyrus  aucuparia. 

800  feet. 

Hymenophyllum  unilaterale. 

BeNEATJXBEG,    DOWK   NoETH   to    KtLEjMOEE. 

1570  feet. 

Antennaria  dioica.  I  Salix  herbacea. 
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Bexbaitn^beg,  down  North  to  Ktiemoee — continued. 

820  feet. 

Carex  paHescens. 

750  feet. 

Alchemilla  vulgaris  (var.  subsericea). 

700  feet. 

Quercus  robur.  |  Salix  repens. 

Lastroea  aculeata. 

Be^tbkace:    Stjmmit. 

1900  feet. 

Salix  herbaeea. 

SoriH   Side. 

1020  feet. 

AspleniuQi  tricbomanes. 

Bexgotvee  Dowif  South,  to  G-lencoaghax. 
1200  feet. 

Lastroea  oemula. 

650  feet. 

Mentba  aquatica. 

250  feet. 

Eleocbaris  multicaulis  (most  abundant). 

DeEBYCLARE,    DOWIf    SOITTH. 

2300  feet. 

Pyrus  aucuparia. 

2060  feet. 

Antennaria  dioica. 
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Deeetclaiie,  DOTvif  SoriH — continued. 

2000  feet. 

Scabiosa  succisa.  |  Orchis  maculata. 
Molinia  coerulea. 

1800  feet. 

Arctostapliyllos  uva-ursi  (abundant). 

1600  feet. 

Dabeocia  polifolia. 

950  feet. 

Erica  tetralix. 

Ben  Leiteey,  South  Side. 

1500  feet. 

Saxifraga  umbrosa.  j  Solidago  virgaurea. 
Carex  pilulifera. 

1450  feet. 

Dabeocia  polifolia.  |  Erica  cinerea. 
Lastroea  oemtda. 

1150  feet. 

Junipenis  nana. 

1100  feet. 

Lycopodium  selago. 

950  feet. 

Erica  tetralix  (upper  limit). 

800  feet. 

Scboenus  nigricans. 

650  feet. 

Eleocbaris  multicaulis  (upper  limit). 

420  feet. 

Hypericum  androscemum.        |  Triodia  dccumbens. 
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Beit  Lettert,  Noetheen  Side. 

1520  feet. 

Thalictrum  alpinum.  |  Saxifraga  oppositifolia. 
Asplenium  viride. 

1420  feet. 

Saussurea  alpina.  |  Plantago  lanceolata. 

1320  feet. 

Eubus  saxatilis.  |  Saussurea  alpina. 
Lycopodium  selago. 

1310  feet. 

Saxifraga  oppositifolia  (lower  limit). 

1300  feet. 

Thalictrum  alpinum  (lower  limit). 

800  feet. 

Drosera  rotundifolia. 

Crepis  paludosa. 

Erica  tetralix. 

Pinguicula  lusitanica. 

600  feet. 

Carex  fulva. 

Mtjckanaght,  down  South  Side. 

2150  feet. 

Calluna  vulgaris.  I  Eriophorum'vaginatum. 
Thymus  serpyllum.  |  Luzula  sylvatica. 

And  most  of  the  commoner  summit  species  on  Ben  Coek, 
and  elsewhere. 

2000  feet. 

Blechnum  boreale. 

1400  feet. 

Hieracium  vulgatum  (var. 
gothicum). 

IS'ardus  stxicta. 

Carduus  pratensis. 
Pinguicula  vulgaris. 
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MucKANAGHT,  SoiTTH  SiDE — Continued. 

1350  feet. 

Lathyms  maci'orrh.izus. 
Scabiosa  succisa. 
Antennaria  dioica. 

Lonicera  periclymenum. 
Hedera  helix. 

Prunella  vulgaris. 
Plantago  lanceolata. 
Schoenus  nigricans. 

1250  feet. 

Ilex  aquifolium. 
Hieracium  vula-atum. 

Teucrium  scorodonia. 

1150  feet. 

Lotus  corriculatus. 
Sedum  rhodiola. 

Crepis  paludosa. 
Hieracium  yulgatum. 
Plantago  maritima. 
Triodia  decumbens. 

Lostroea  filix  mas. 
L.  filix  foemina. 

Asplenium  adiantum  nigrum. 
A.  ruta-muraria. 
A.  tricbomanes. 

Polypodium  Tulgare. 

MirCKANAGHT,  DOTVjST  NoETH  SiDE. 

2130  feet. 

Saxifraga  stellaris.  |  Salix  herbacea. 
Cystopteris  fragilis. 

2110  feet. 

Tbalictrum  alpinum. 
Luzula  campestris. 

Carex  panicea. 
Poa  annua. 

Oxyria  renifornis. 

2050  feet. 

Aira  ccespitosa. 

1900  feet. 

I  Oxalis  acetosella. 
Asplenium  viride. 

1850  feet. 

Ranuculus  flammula. 

1700  feet. 

Tlialictrum   alpinum    (lower 
limit). 

Geum  rival  e. 
Sedum  rhodiola. 

It.I.A.  PKOC,  SER.  II.,  VOL.  III. — SCIENCE. 

S.  oppositifolia. 
S.  stellaris. 
Saussurea  alpina. 

Oxyria  uniformis. 

4li 
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MuaKANAeHT,  DO'vra'  J^OETH  SiDE — Continued. 

1700  feet — continued. 

Plantago  maritima.  |  Carex  panicea. 
Asplenium  Tiride. 

1600  feet. 

Cystopteiis  fragilis  (lower  limit). 

1500  feet. 

Meconopsis  cambriea. 
Geum  rivale. 

Saxifraga  ccespitosa. 
Hieracium  anglicum. 

Saussurea  alpina. 

Polystiehum  loncHtis. 
P.  loncMtoides. 

Lycopodium  selaginoides. 

1470  feet. 

lleconopsis  cambriea.  ^ 
Seduni  rhodiola. 

Saxifi'aga  oppositifolia.  [ 
S.  stellaris.  y        Lower  limit. 
S.  ccespitosa.  ] 
Oxyria  rerdformis.  | 
Asplenium  yiride.  J 

1080  feet. 

Asplenium  trieliomanes.  |  Hymenopliylliiiii  unilaterale. 

At  the  lower  levels  in  this  part  of  Galway  the  county  has  been 
thorotighly  well  ransacked.  I  did  not  feel  called  upon  to  make  any 
detailed  search,  therefore.  The  following  are  a  few  notes  taken  at  the 

bases  of  the  mountains  :  — Deriyclare  Lough,  below  Derryclare  Mt., 
Drosera  intermedia  very  abundant  ;  Suiularia  aquatica,  Utricidaria 
intermedia,  Carex  limosa,  and  JEriocaxdon  septangtdare,  all  conunon.  At 
Kylemore  I  saw  Sieraciimi  iriciim,  and  between  that  and  Derry-na- 
Sliggan,  Selosciaclium  nodiflorum,  Veronica  scutellata,  and  Carex  stricta. 
On  the  north  side  of  Eallinahinch  Lake,  in  bogholes  by  the  roadside, 
may  be  seen  Cladiuni  inariscus,  Carex  limosa,  and  C.filiformis. 

I  shall  now  give  a  general  list,  includiiig  all  the  mountain  species 
observed,  starting  at  the  highest  poiat  attained  by  each,  and  append- 

ing their  other  more  important  altitudes  throughout  the  two  counties. 
This  list,  which  is  the  result  of  the  more  local  one,  has  been  a  tedious 

compilation,  but  -appeared  to  me  quite  necessary.  Some  slight  inaccu- 
racies, arising  from  confusion  of  figures,  may  have  crept  in ;  but  I 

have  failed  to  detect  any. 
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GENERAL  LIST  OF  PLANTS 

Observed  on  the  Mato  and  Galwat  Mountains,  arranged  in  descending 
order. 

Summit  op  Mweeleea. 

2680  feet. 

Potentilla  tormentilla  (Nestl.) — Nephin,  2640;  Croaghpatrick,  2510, 
&c.,  and  downwards.     Abundant. 

Saxifraga  umlrosa  (Linn.) — All  summits,  and  downwards  to  sea-level, 
near  the  coast  in  dry,  stony  places.  Occurs  on  all  aspects,  being 
at  home  either  amongst  alpine  plants,  or  where  they  could  not 
exist.  Inland  it  rarely  occurs  as  a  lowland  plant,  ceasing  down- 

wards at  1500  to  1200  feet.     No  choice  of  rock. 

Calluna  vulgaris  (Salisb.) — All  summits  and  downwards.     Abundant. 
Vaccinium  myrtillus  (Linn.) — Ditto. 
Thymus  serpyllum  (Linn.) — Bengorm,  2200;  Croaghpatrick,  1570; 

Twelve  Bens,  2150.  Not  ascending  many  mountains,  though 
frequent  at  considerable  heights  on  the  Mweelrea  group.  Com- 

mon below.     "Will  not  grow  on  the  quartzite. 
Rumex  acetosa  (Linn.) — Summits  of  all  the  Mayo  mountains,  and 

downwards. 

R.  acetosella  (Linn.) — Croaghpatrick  summit.  Not  universally  distri- 
buted at  upper  heights.     Re-appearing  commonly  below. 

Juncus  squarrosus  (Linn.) — Summit  of  Croaghpatrick;  Twelve  Bens, 
2390. 

Liizula  sylvatica  (Bich.) — Summits  of  Mayo  mountains.  Twelve  Bens, 
2150.  Shady  cliffs  or  woods  in  lowland  districts.  Rarely  on 
open  ground  except  at  mountain  summits ;  usually  abundant 
there. 

L.  campestris  (Willd.) — Bengorm,  2200;  Twelve  Bens,  2110.  In- 
creasing quickly  to  open  moors.     Erequent. 

Eriophorum  vaginatum  (Linn.) — Twelve  Bens,  2150.  Continuous  to 
low  levels  on  moors. 

Carex pilulifera  (Linn.) — CorsHeve,  2025  ;  Twelve  Bens,  2390.  Ere- 
quent to  about  1200  feet.     Scarce  at  low  levels. 

C.  hinervis  (Sm.) — Croaghpatrick,  2350;  Twelve  Bens,  2390.  Yery 
glaucous  on  Mweelrea.     On  open  moors. 

Scirpus  ccespitosiis  (Linn.) — Twelve  Bens,  2390. 
Anthoxanthum  odoratum  (Linn.) — Summits  of  Mayo  mountains.  Twelve 

Bens,  2390.     Erequent. 

JSfardus  stricta  (Linn.) — Maamtrasna,  2120.  Soon  abundant  in  dry 
situation,  from  1500  feet  downwards,  and  thrives  on  the 
quartzite. 
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Aira  ccespitosa  (Linn.) — Twelve  Bens,  2250.     Common  in  tlie  Mayo 
mountains  at  high  levels. 

Agrostis  vulgaris  (With.) — Twelve  Bens,  2390. 
Festuca  ovina  (Linn.) — Summits  of  Nephin  and  Croaghpatrick.    Twelve 

Bens,  2150. 

Summit  or  Nephin. 

2640  feet. 

Galium  saxatile  (Linn.) — Summit  of  Croaghpatrick.  Twelve  Bens, 
2390  ;  Leckavrea,  2000.     Abundant. 

Empetrum  nigrum  (Linn.) — Summit  of  Croaghpatrick.  Corslieve, 
2250;  twelve  Bens,  2350.  Common.  Below  300  feet  on 
Achill  and  Birreencorragh.  One  of  the  few  species  that  thrives 
on  quartzite. 

Armeria  maritima  ("Willd.) — Mweelrea,  2640.  Summit  of  Croagh- patrick. Twelve  Bens,  2250.  Ceases  as  a  mountain  plant. 
Croaghpatrick,  1500 ;  Curraun  Achill,  1200.  Ee-appearing 
abundantly  at  sea  level,  and  thriving  on  siliceous  rocks. 

Aira  flexuosa  (Linn.) — Mweelrea,  2600.  Summit  of  Croaghpatrick. 
Twelve  Bens,  2390.     Common  on  moorlands. 

Lastrcca  dilatata  (Presl.) — Mweelrea,  2380  ;  Twelve  Bens,  2390. 
Lycopodium  selago  (Linn.) — Twelve  Bens,  2390.  Sea  level,  or  near  it 

at  Doo  Lough.  Ceases  usually  at  about  1200  to  1000  feet  on  the 
mountains  as  on  Nephin.     Seems  to  prefer  siliceous  rocks. 

MWEELEEA. 

2600  feet. 

Sedum  rhodiola  (D.  C.) — Not  seen  elsewhere  nearly  so  high.  Descends 
occasionally  to  sea  level ;  but  usually  found  in  alpine  situations 
and  with  alpine  plants.  Croaghpatrick,  1740  to  1570;  Corslieve, 
1600;  Achill,  1430  to  sea  level;  Mweelrea,  1430  to  500;  Cor- 
cogemore,  1800 ;  Twelve  Bens,  1700  to  1470,  and  at  1170. 

Bolidago  virgaurea  (Linn.) — Achill,  1730  ;  Twelve  Bens,  2250  ;  Maam- 
trasna,  2120;  Leckavrea,  2000. 

Campanula  rotimdifolia  (Linn.) — Ben  Gorm,  2150;  Croaghpatrick, 
1900;  Corcogemore,  1900;  Maamtrasna,  2000.  Not  unfrequent 
as  a  mountain  plant,  especially  in  rocky  ground  of  a  siliceous 
nature.  Descending  to  550  feet  on  cliffs  above  Doo  Lough ;  but 
flowers  sparingly. 

Ifelampyrum  pratense  (Linn.)  (var.  montanum.) — Nephin,  2300 ;  Cor- 
slieve, 2250;  Croaghpatrick,  1900;  Achill,  1730.  Bather  thinly 

distributed,  and  not  met  with  at  low  levels. 

Plantago  maritima  (Linn.) — Curraun  Achill,  1200;  Achill,  2200; 
Twelve  Bens,  1700.  Barely  occurring  inland  at  low  levels. 
At  the  base  of  Nephin  in  Boughadoon,  by  the  Glenlaur  river. 
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and  by  Fin  Lougli.  A  curiously  stunted  variety,  with  broad 

leaves,  and  stem  an  inch  and  a-half  high,  occiu's  at  2400  to  2300 
on  the  Ascokeerin  ridge,  Mweelrea ;  and  on  the  summit  of  Delphi 
mountain,  2550. 

Salix  herlacea  (Linn.)— I^Tephin,  2450  to  1880  ;  Corslieve  and  ISTephin- 
beg,  2320  to  1700;  Curraun  Achill,  1560;  AchiU,  2100  to  1900; 
Croaghpatrick,  1850  to  1750;  Mweelrea  group,  to  1850;  Maam- 
trasna  range,  1850;  Maamturk  range,  2000  to  1600;  Benchoona, 
1900  to  1680;  Twelve  Bens,  2130  to  1570.  Possibly  occurs 
lower  on  low  summits,  since  it  prefers  the  tops  and  ridges  of 
moimtains  in  perfectly  exposed  situations.  This  is  the  common- 

est alpine'  plant,  and  occurs  on  very  nearly  all  the  mountains  I 
visited.  More  abundant  on  Mweelrea  than  elsewhere ;  on  the 
northern  summit  it  is  the  chief  vegetation  straggling  amongst 
moss. 

Carex  rigida  (Good.) — ISTephin,  2500;  Corslieve  and  JSTephinbeg,  2320 
to  1600,  and  at  860  feet  at  Scardaun  Lake  ;  Achill,  2030  to  1825  ; 
Mweelrea  group,  to  1640.  Next  to  the  last,  this  is  the  com- 

monest truly  alpine  species  in  the  west ;  they  are  frequently  in 
company  on  wet  ledges,  and  both  thrive  on  the  quartzite. 

MWEELEEA. 

2590  feet. 

Ry77ienophyUum  imilalerale  (y(\\ldi.) — Corslieve,  1750;  Achill,  1730; 
Ben  Gorm,  2080.     Prequent  at  low  levels  in  both  counties. 

Delphi  Mt.  (Mweeleea  Geoup). 

2550  feet. 

Achillea  millefolium  (Linn.) — At  2350  above  Lough  Brawn  on  Loughty 
Mt.  Met  with  nowhere  else  on  the  mountains ;  here  it  was 
stunted,  consisting  of  a  few  rigid  radical  leaves  without  stem  or 
flowers.     Frequent  below. 

Plantago  lanceolata  (Linn.) — ^A  very  diminutive  form,  with  slightly 
succulent,  narrow.,  lanceolate  leaves,  about  an  inch  in  length,  and 
a  flowering  stem  not  much  higher.  Eesembles  the  form  of  P. 
maritima,  mentioned  above,  in  general  appearance.  Ordinary  P. 
lanceolata  finds  upper  limits — on  Croaghpatrick,  1630  ;  Mweelrea, 
1520. 

Summit  oe  Ceoaghpateick. 

2510  feet. 

Poa  ani\ua  (Linn.) — Ben  Gorm  and  Glenamorig,  2200  ;  Buckoogh  and 
Mweelrea,  1900.  Accidentally  distributed  amongst  these  heights. 
Probably  the  seeds  are  transported  hither  by  sheep,  as  this  grass 
only  occurred  at  great  heights  in  the  neighbourhood  of  their  runs. 
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MWEELEEA. 

2500  feet. 

Leontodon  autumnalis  (Willd.)  (var.  taraxaci.) — Eidge  above  Lough 
Brawn,  2350;  M-^eelrea,  1500  {L.  autunuialis.)    Thence  common. 

Aira  cosspitosa  (Linn.)  (var.  aljpina.) — To  2100 ;  Ben  Gorm,  2200  ; 
ITaamtrasna,  2120  to  2100.  JS^ot  met  "with  on  the  Twelve  Bens, 
or  other  Galway  mountains,  and  only  occurring  at  great  heights. 
Plentiful  in  some  parts  of  lEweelrea,  and  on  ]\Iaamtrasna  (Foma- 
more)  table-land. 

Lycoijodium  alfinum  (Linn.) — Eidge  above  Lough  Brawn,  2450  ;  Cur- 
.  raun  Achill,  1560;  ̂ yiaamtui'k  range,  2000  to  1950.  This,  with 

Salix  herlacea  and  Carex  rigida,  are  the  only  truly  alpine  species 
which  grow  on  the  quartzite  mountains.  They,  especially  the 
present  species,  appear  to  prefer  a  siliceous  soil.  Plentiful  in 
each  locality  cited. 

K"  E  P  H  I  H". 

2450  feet. 

Saxifraga  stellaris  (Linn.) — To  2400 ;  Xephinbeg  and  Corslieve,  2000 
to  1400;  AchiU,  2080  to  1825;  :\Iweelrea,  2300  to  1650,  and 
1050  in  Glenlaur ;  Twelve  Bens,  2240  to  1650 ;  ILaamturk  range, 
1700.     Rather  sparingly  distributed. 

MWEELEEA. 

2450  feet. 

Cerastium  triviale  {JAnk.) — And  at  2100;  Croaghpatrick,  1370.  Abun- 
dant below.     Scarce  at  high  levels. 

PtIDGE  AEOVE  LoUGH  BeAWIT,  LoTJGHXY  ]\It.  (lIwEELEEA  GrEOCP). 

2400  feet. 

Gewn  rivale  (Linn.) — llaamtrasna,  1750  ;  Twelve  Bens,  1850  to  1500. 
A  local  plant,  and  not  seen  elsewhere.     Not  on  the  quartzite. 

Saxifraga  op2^ositifoUa  (Linn.) — Maamturk  range,  1100  to  910;  Twelve 
Bens;  Ben  Letteiy,  1520  to  1310;  Muckanaght,   1700  to  1470. 
Exceedingly  scarce  in  the  only  Mayo  locality.     More  plentiM.  on 

Muckanaght ;  but  rare  in  Galway  also.    jS"ever  on  quartzite. 
Antennaria  dioica  (Goert.) — To  low  levels  at  Doo  Lough.     Occurs  on 

most  of  the  mountains,  quartzite  or  otherwise,  fi'om  about  2000 
to  1000. 
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Vaccinium  vitis-idosa  (Lian.) — Yery  scarce,  and  unhealthy-looking  here. 
This  plant  has  been  recorded  from  several  of  the  mountains  I 
examined  in  Mayo  and  Gal  way,  but  I  found  it  only  in  the  present 
situation.  It  appeared  to  me  very  rare  indeed,  and  I  was  always 
on  the  look  out  for  it. 

Oxyria  reniformis  (Hook.) — Ben  Gorm,  2080 ;  Mweelrea,  2240  to 
1650;  Croaghpatrick,  1740  to  1570;  Twelve  Bens  (Muckanaght), 
1900  to  1470.  Yery  scarce.  On  Croaghpatrick  it  is  plentiful, 
and  very  large  and  luxuriant.  In  the  present  locality  it  is  very 
rare.     Never  on  quartzite. 

Cystopteris  frayilis  (Bernh.) — Yery  rare  in  this  the  only  Mayo  habitat. 
Maamturk  range  (Maumeen),  1100;  Twelve  Bens  (Muckanaght), 
2130  to  1600.  Yery  rare  in  the  west,  and  quite  alpine  in  its 
mountain  localities ;  does  not  occur  on  the  quartzite. 

MWEELEEA. 

2400  feet. 

Viola  palustris  (Linn.) — Maamtrasna,  1900;  Ben  Gorm,  2030. 
Orchis  maculata  (Linn.) — Maamtrasna,  1900  ;  Mweelrea,  2300  ;  Twelve 

Bens,  2000. 

Carex pcmicea  (Linn.) — Ben  Gorm  (Mweelrea  group),  2050;  Croagh- 
patrick, 1650;  Twelve  Bens  (Muckanaght),  2110  feet.  Eemark- 

ably  luxuriant  and  glaucous,  with  glumes  and  fruit  concolorous, 
sooty  black,  on  drooping  spikelets  in  alpine  situations  on  Mucka- 
naght. 

Twelve   Bens. 

2390  feet. 

Euphrasia  officinalis  (Linn.) — Mweelrea,  2100;   Croaghpatrick,  1740. 
Scarce  at  high  levels. 

Polypodium  mdyare  (Linn.) — Mweelrea,  2380.    Soon  becoming  common. 

Mweeleea. 

2380  feet. 

Lastroea  filix-mas  (Presl.) — Twelve  Bens,  1150;  var.  ahhreviata,  at 
1630  on  Croaghpatrick.     Not  plentiful. 

Above  Lough  Beawn. 

2350  feet. 

Eriophorum  polystachyon  (Linn.) — Buckoogh,  1920;  Ben  Gorm,  2050; 
Maamtrasna,  2130. 
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Tavelte   Beit's. 
2300  feet. 

Pyrus  aucuparia  (Goert.) — Corslieye,  1700;  Mweelxea,  1400.  Seed- 
lings, or  dwarfed  above  1000.  Frequent  below,  and  well  grown 

at  the  base  of  I^ephin. 

IIWEELEE  A  . 

2250  feet. 

Blechnum  loreale  (Sm.) — Croaghpatrick,  1740;  Ben  Gorm,  2150; 
Twelve  Bens,  2000.     Only  locally  plentiful,  and  does  not  thrive 
on  tbe  quartzite. 

Twelve  Bejjs. 

2250  feet. 

Silene  ma/ritima  (Witb.) — jSTepbin,  1870;  Birreencorragb,  2000.  A 
sea-coast  plant  ascending  mountains  in  tbe  maritime  counties,  like 
Armeria  maritima  and  Plantayo  maritima,  and,  like  tbeni,  fond  of 
siliceous  soil,  or  on  the  quartzite. 

ACHLLL. 

2200   feet. 

Oxalis  acetosella  (Linn.) — Corslieve,  2000  ;  Ben  Gorm,  1850  ;  Twelve 
Bens,    1900.       Common  at  lower  levels  from  about   1500  feet 
downwards. 

Jasione  montana  (Linn.) — Ben  Gorm,    2220  ;    Croagbpatrick,   1900  ; 
MweeLrea,  2100.     ISoi  seen  so  high  inGalway;  not  unfrequent 
below  1500  feet,  especially  on  siliceous  soil. 

Best  Goem  (Mweeleea  Gkoup). 

2150  feet. 

Viola  sylvattca  (Fries.) — At  tbis  beigbt  \ea\  Peicheniachimia. — Croagb- 
patrick, 1900.     Prequent  lower ;  apparently  dislikes  quartzite. 

Maa]siteaska  Range. 

2150  feet. 

Hierammi  anyliciim  (Fries.) — Nepbin,  1490  ;  Acbill,  1430  ;  Croagb- 
patrick, 1650;  Mweelrea,  1600  and  1520  to  650  and  350,  about 

Doo  Lougb.     Maamturk  range,   1800   to    1200 ;  Twelve   Bens, 
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1500.  Usually  alpine,  but  occasionally  found  at  low  levels  in 
Mayo ;  it  is  then  sometimes  indistinguishable  from  S.  iricum, 
which,  I  believe,  is  a  luxuriant  lowland  form.  Typical  S.  iricum 
never  occurs  higher  up,  or  in  alpine  situations.  It  may  be  seen 
along  the  roadside  at  Kylemore  and  elsewhere.  The  two  forms 
graduate  into  one  another  about  Doo  Lough  and  Maumeen. 

Twelve  Bens  (MucKAifAGHT). 

2110  feet. 

Thalictrum  alpiyium  (Linn.) — To  1700,  and  on  Ben  Lettery,  1520  to 
1300;  Maamturk  (Maumeen),  1520;  Benchoona,  1600  to  1300; 
Croaghpatrick,  1590  to  1570.  Apparently  on  all  rocks  except 
quartzite.  Like  Lycopoclium  al^inum,  it  seems  especially  fond  of 
granite  or  gneiss. 

MWEELEEA. 

2100  feet. 

Ranunculus  acris  (Linn.) — ITot  noticed  ascending  to  any  considerable 
height  elsewhere.     Frequent  from  about  1200  downwards. 

Cardamine  hirsuta  (Linn.) — Croaghpatrick,  1650.    ISTot  common  at  any 
considerable  height. 

Angelica  syhestris  {IjUim.) — And  at  1900;  Croaghpatrick,  1590.    IS'ot seen  elsewhere  higher  up. 
Chrysosplenitim  oppositifolium  (Linn.) — And   at    1450.     Bare  on  the 

mountains. 

Taraxacum  dens-leonis  (Desf.) — Croaghpatrick,  1590. 
Lycopodiimi   selaginoides   (Linn.) — To  300  ;    3ilaamturk  (ITaumeen), 

1650  ;  Twelve  Bens,   1500  to  1320. 

BeI^  GoEM  (ILWEEIEEA  GeOUp). 

2050  feet. 

Erica  cinerea  (Lion.) — N'ephin,  1750  ;  Birreencorragh,  1500  ;  Xephin- beg,  1425;  Croaghpatrick,  1690;  Mweelrea,  1500  and  1400; 
Maamtrasna,  1750  ;  Maamturk  range,  2000  ;  Twelve  Bens, 
1800  and  1450.  Stunted  and  scattered  above  1600  feet,  and 
hardly  general  anywhere  above  1500. 

Pinguicida  vulgaris  (Linn.) — And  at  1940  ;  Buckoogh,  1920  ;  Achill, 
1480;  Croaghpatrick,  1590;  Maamtrasna,  1900;  Twelve  Bens, 
1450.  The  lower  of  these  upper  limits  arises  from  unsuitability 
of  ground  ;  common  below. 

Narthecium  ossifragum  (Huds.) — Glenamorig,  1750;  Achill,  1480. 
Abundant  below. 

R.  I.  A.  rnoc,  SER.  ir.,  vol.  hi. — science.  4  C 
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M  WEEIEEA. 

2050  feet. 

Pediadaris  syhatica  (Linn.) — And  at  2000.     Sparingly  distributed  at 
high  levels  in  these  mountains. 

BEIf  GOEM  (MWEELEEA  GeOUp). 

2050  feet. 

Carex  flava  (JJnxQ..) — Croaghpatrick,    1850;    Achill,    1730;    Curraun 
Achill,   1560;   Mweebea,   1900;    ILaamtrasna,  1850. 

Delphin"  Mt.  (Mtveeleea  Geoup). 
2000  feet. 

Eqiiisetum  palustre  (Linn.) — Yery  unusually  high  for  this  plant. 

MWE  EL  EE  A. 

2000  feet. 

Hypericum pulchrum  (Linn.) — Prequent  lower. 
Carduns  2J>^(itens{s  (Ruds.) — BiiTeencorragh,  1100;  Mweelrea,  1450; 

Twelve  Bens,  1450.     Earely  extending  above  1000  feet. 

Carex  ̂ ndicaris  (JAtld..) — ]N"ot  fi'eqnent  till  about  1000  feet,  as  above Doo  Lough  and  on  Muckanaght. 

MAAilTUEE;  Ea^'GE. 

2000  feet. 

Scaliosa   sxiccisa   (Linn.) — Euckoogh,    1880;    Croaghpatrick,    1650; 
Twelve  Bens,  2000.      Common  lower. 

Carex  fulyaris  (Fries.) — Buckoogh,   1180;  Mweeh-ea,  1600.     Seldom 
occurring  at  any  considerable  height.     Common  below. 

Twelve  Bens. 

2000  feet. 

Molinia  cosrulea  (Moench.) — Mweeli'ea,  1600.    Soon  becoming  common. 

Bekchoox'a. 
1970  feet. 

Sagina  siihulata  (Wim.) — Maamtui-k  range,  1930  to  1520.  In  crevices 
on  the  barren  exposed  summits  of  gneissose  or  quartzite  moun- 

tains.    Earc,  but  easily  overlooked. 
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MWEELEE  A  . 

1960  feet. 

Valeriana  officinalis  (Linn.) — And  at  1200.      Not  unfrequent  at  the 
base  of  the  mountains. 

B  TJCKO  0  GH. 

1920  feet. 

Junms  effusiis  (Linn.) — Achill,  1480.     Then  common. 

MWE  EL  KE  A  . 

1900  feet. 

Ranunculus  ficaria  (J-imn..) — And  at  1205.     ITaamtrasna,  1750.'") 
Sfellaria  uliffinosa(M.u.vv.) — Croaghpatrick,  1370;  Maamtrasna,  |   a    . 

1850;  Twelve  Bens,  1850.  i    g  | 
Digitalis  purpurea  (Linn.) — Croaghpatrick,  1280  ;  Ben  Gorm,  f  S  'o 
1200.  I  o-^ 

Primula  vulgaris  {^vAs,^ — Croaghpatrick,  1650.  J 

MAAilTEASNA  EaXGE. 

1900  feet. 

Daleocia polifolia  (l)or\..) — Croaghpatrick,  1390;  Loughty  Mt.,  1750; 
Mweelrea,  1500  ;  :!j:aamturk,  1810  ;  Twelve  Bens,  1900.  Though 
much  less  abundant,  this  plant  has  about  the  same  vertical  range 
as  Erica  cinerea.     The  two  frequently  appear  simultaneously. 

Best  Goem. 

1900  feet. 

Lycopodium  clavatum  (Linn.) — Not  met  with  elsewhere. 

MAAHnjEK  Range. 

1900  feet. 

Car  ex  glauea  (Scop.) — Mweelrea,  1050.     Frequent  lower  down. 

Twelve  Bens  (Mtjckanaght). 

1900  feet. 

Asplenium  viride  (Huds.) — Croaghpatrick,    1800  to    1570;    Twelve 
Bens— Ben  Lettery,   1520;    Muckanaght,   1900  to  1470. 
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MWEELEEA  . 

1850  feet. 

Vicia  septum  (Linn.) — Not  seen  elsewhere  on  the  mountains  at  any 
considerable  height. 

Upilohium  palustre  (Linn.) — Maamtrasna,  1750.     Frequent  in  lower 
bogs. 

Lysimachia  nemorum  (Linn.)— Buckoogh,  1180.     A  lowland  species. 

Twelve  Bens. 

1850  feet. 

Ranunculus  flemrmila  (JAxm..) — Croaghpatrick,  1370;  Mweelrea,  1205; 
Twelve  Bens,  1850.     Common  from  1000  feet  downwards. 

Mweelrea. 

1800  feet. 

Thalidrum  minus — 1450,  and  1370  to  350  at  Lough  Doo,  and  lower  in 
Glenlaur ;  Benchoona,  900  to  680.  A  characteristic  plant  of 
Mweelrea ;   common  in  Glencullen. 

Maamteasna  Eange. 

1800  feet. 

Juniperus  nana  (Linn.) — Curraun  Achill,  1200  ;  Achill,  1300;  Croagh- 
patrick, 1740  ;  Mweelrea,  1000  and  1100;  Maamtrasna,  1800  to 

1350  (inland) ;  Maamturk  range,  1600;  Twelve  Bens,  1150,  and 
elsewhere ;  but  not  met  with  at  low  levels. 

Maamttjek  Eange. 

1800  feet. 

Achemilla  vulgaris (Lmn.) — (Y ar. subsericea) to  1100;  Twelve  Bens, 750. 

Benchoona. 

1800  feet. 

Litorella  lacustris  (Linn.) — Buckoogh  (Lake  Mambrackeagh),    1180. 
Common  lower  down. 

Isoetes  lacustris  (Linn.) — Corslieve  (Lake  Drumderg),  1330;  Buckoogh, 
1180;  Nephinbeg  (Scardaun  Lake),  860;  Maamturk,  770. 
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TwELTE  Bens. 

1800  feet. 

Ardosta^hylos  uva-ursi  (Spr.) — Nephin,  1660  to  1240  ;  l^epMnbeg, 
325;  Curraiin  Achill,  1200;  Achill,  1300;  Mweelrea,  700  to 

sea-level ;  Twelve  Bens,  1800.  One  of  the  few  species  that  likes 
qxiartzite.     Abundant  on  the  Twelve  Bens. 

Croaghpatrick. 

1740  feet. 

Redera  helix  (Linn.) — Mweelrea,  1100;  Twelve  Bens,  1250. 

CoKSLIEVE. 

1700  feet. 

Crepis  paludosa  (Moench.) — Croaghpatrick,  1590;  Maamturk  range, 
1100;   Twelve  Bens,  800. 

Twelve  Beks  (Mucxan-aght). 
1700  feet. 

Saussurea  alpina  (D.  C.) — To  1500,  and  Ben  Lettery,  1420  to  1320; 
Croaghpatrick,  1590  to  1570.  More  limited  in  its  vertical  range 
than  most  alpine  species,  but  forming  close  and  considerable 
patches  where  it  occurs. 

Croaghpatrick:  . 

1650  feet. 

Sagina  procumbens  (Lian.) — Frequent  from  1000  feet  down. 
^Ruhus  saxatilis  (Linn.) — Twelve  Bens,  1320  ;  Mweelrea,  380. 

M  w  E  E 1 R  e'a  . 
1650  feet. 

Salix  aurita  (Linn.)  —  Buckoogh,  1180  ;  Delphi  Mt.  (Mweelrea 
group),  1550.      Soon  becomes  abundant. 

Maamttjrk;  Eange  (Corcogemoke). 

1650  feet. 

Listera  cordata  (R.  Br.) — I^ot  seen  elsewhere. 
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Ceoaghpateick. 

1630  feet. 

Senecio  jacoloea  CLmo.)  )  -n      i  ^^      l.^  j.  • 

RMnanthus  crista-galli  (Linn.)    }  ^^""'^^  ascen
ding  the  mountains. 

MWE  ELEEA  . 

1600  feet. 

Asplenium  trichomanes  (Linn.) — AcMll,   1430;  Croaghpatrick.   1590; 
Twelve  Bens,  1150. 

Ceoaghpateice;. 

1590  feet. 

Hanunctdus  repens  (Linn.) — Mweelrea,  1205. 
Poly  gala  vulgaris  (Linn.) — Xot  commonly  occurring  at  this  height,  and 

not  so  frequent  on  the  mountaias  as  P.  depressa. 

Delphi  JMt.  (Mweeleea  Geotjp). 

1550  feet. 

Ptosa  spinosissima  (Linn.) — lEweelrea,  500.     Frequent  lower  down. 
Lonicera  periclymenum  (Linn.) — Mweelrea,  1100.     Abundant  below. 
Juniper  us  communis  (Linn.) — This  form  is  rarely  seen  high  up,  where 

it  usually  becomes  J.  nana. 

M WE  ELEEA  . 

1520  feet. 

Lathyrus  macrorrJiizus  (Winn.) — And  at   1100  ;    Maamturk  range, 
1100;    Twelve  Bens,   1350. 

Maamteasxa. 

1520  feet. 

Sparganiiim  jninimum  (Fries.) — Buckoogh   (Lake   Nambrackheagh), 
1180;  Mweelrea  (L.  Lugaloughaun),   1205. 

Jwicus  uUginosus  (Sm.)  |  Frequent  below 
Carex  ampullacea  (Good.) — !Mweelrea,  980.     )        ̂  
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Maamtukk  Eange. 

1520  feet. 

Hieracium  vulgatum  (Fries.,  Yar.  gothicum) — To  1100  feet;  Twelve 
Bens,  1400.  This  and  JI.  vulgatum  graduate  into  one  another  on 
the  south  side  of  Muckanaght. 

Delphi  Mt.  (Mweelkea  Gnoirp). 

1500  feet. 

BetuU  alba  (Linn.) — Delphi  Mt.,  630  ;  Mweelrea,  750. 

MWEELEE  A. 

1500  feet. 

Epihlium  montanum  (Linn.) — Earely  seen  at  any  considerable  height. 

Twelve  Bens  (Muckanaght). 

1500  feet. 

Meconopsis  camhrica  (Vig.) — To  1470,  This  rare  species  was  in  full 
flower  when  I  discovered  it  here,  and  was  then  remarkably  showy 
and  handsome.     The  flowers  were  fully  two  inches  in  diameter. 

Saxifraga  ccespitosa  (Linn.) — To  1480.     See  introductory  remarks. 
Folystichum  loncMtis  (Roth.)  —  Sparingly  distributed,  and  growing 

immediately  over  the  following  closely  resembling  form. 

P.  aculeatum  (Roth.)  (var.  lonchitidiodes.) — Maamturk  range,  1200. 
I  am  inclined  to  think  the  holly  fern  grows  in  this  latter  locality 
also. 

P.  aculeatum  (Roth.) — ^Maamturk  range,  1200  ;  Twelve  Bens,  700. 

ACHILL. 

1480  feet. 

Poly  gala  depressa  (Wend.) — Soon  common. 

MWEELEEA. 

1480  feet. 

Menyanthes  trifoUata  (Linn.) — Not  seen  again  for  about  1000  feet; 
then  frequent. 

MwEELEEA. 

1450  feet. 

Curdamine  pratenaifi  (Liuu.) — Croaghpatrick,  1 370, 
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ACHILl. 

1430  feet. 

Hymenophyllum  tunlridyense  (Sm.) — JSTephin  range,  400. 

MWEELKEA. 

1430  feet. 

TrifoUum  repens  {JJmn.) — Buckoogh.,  1180;  Croaghpatrick,  1370. 

Ckoaghpateics. 

1370  feet. 

Myosotis  repens  (Don.) — Apparently  scarce. 
Callitriche  staynalis  (Scop.) — Mweelrea,  1020.  Eare  on  the  moun- 

tains. 

MWEELHEA. 

1370  feet. 

Carduus  paliistris  (Linn.) — And  at  1 1 50.  A  characteristic  plant  below, 
and  very  luxuriant  by  the  Glenlaur  river.  Plants  here  had  flowers 
an  inch  and  a-half  across,  and  on  two  or  three  occasions  the  stem 
was  branched,  bearing  three  or  four  large  flowers  together. 

M  WEELEEA. 

1350  feet. 

Salix  caprma  (Linn.) — Not  common  for  a  few  hundred  feet. 

Twelve  Beis^s, 

1350  feet. 

Prunella  mdyaris  (Linn.) — Mweelrea,   1020;    Birreencorragh,    1100. 
Harely  on  the  mountains. 

Schmnus  nigricans  (Linn.) — And  at  850.    Ben  Gorm,  1100  ;  Mweelrea, 
1100.     Plentiful  in  many  places  from  about  these  heights 

M  WEELEEA. 

1330  feet. 

Veronica  chamcedrys  (Linn.) — And  at  850.     Soon  frequent. 
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Nephii^beg. 

1325  feet. 

Holcus  lanatus  (Linn.) — Birreencorragh,  1100.     On  upper  pastures. 

Ceoaghpateick. 

1300  feet. 

Pteris  aquilina  (lAun.) — Eirreencorragh,  600;  Delphi  Mt.,  800;  Ben 
Gorm,  750 ;  Mweebea,  940  and  800 ;  Maamtrasna,  800.  JSTot 
abundant,  and  apparently  averse  to  quartzite.  I  have  given  all 
the  upper  limits  I  observed,  since  this  and  Erica  tetralix  are 

"Watson's  test-plants  for  the  upper  margin  of  his  '*  sub-arctic 
zone." 

IS'ephtn". 

1290  feet. 

Erica  tetralix  (Linn.) — Birreencorragh,  1200;  Croaghpatrick,  1170; 
Loughty  Mt.  (Glenlaur),  770;  Ben  Gorm,  800;  Mweelrea,  1100 

and  "800;  Maamtrasna,  800;  Twelve  Bens,  950  and  800.  See under  Pteris  aquilina.  The  mean  of  these  levels  places  this  plant 
a  hundred  feet  above  Pteris,  which  is  nearer  the  truth  than  their 
relative  position  in  this  summary. 

LoTJGHir  Mt.  (Glenlatte). 

1250  feet. 

Bellis  perennis  (Linn.) — Birreencorragh,  1100;  Maamtrasna,  900. 
Earely  ascending  the  mountains. 

Twelve    Bens. 

1250  feet. 

Ilex  aquifolium  (Linn.) — Delphi  Mt.,  600  ;  Mweelrea,  450.  Frequent 
wherever  any  natural  wood  remains,  and  in  rocky  slopes  lower 
down. 

Teucrium  scorodonia  (Linn.) — Scarce  till  the  valleys  are  reached. 

MwEELEEA  (Lake  Lijgaloughaun). 

1205  feet. 

Sahularia  aquatica  (Linn.) — Abundant  in  Derryclare  and  Ballinahinch 

lakes.  This  lake  is  erroneously  recorded  in  "  Mora  Hibernica  " at  1500  feet  above  the  sea. 

11.   I.  A.  rUOC,  SEE.  11.,  VOL.  III. — SCTENCK.  4  D 
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AlchemiUa  vulgaris  (Linn.) — llaamtnrk  range,  910;  Benchoona,  500. 
Frequent  along  the  bases  of  the  mountains,  especially  in  Con- 
nemara. 

Galium  palustre  (Linn.) — Abundant  at  low  levels. 
Myriophyllum   alternifloram  (D.  C.) — Abundant  in  the   larger  lakes 

below. 

Senecio  aquaticus  (Huds.) — K'ot  seen  elsewhere  high  up,   but  oerurs continuously  along  the  stream  from  this  lake  to  the  base. 
Lolelia  dortmanna  (Linn.) — Buckoogh,    1180;  Nephinbeg  (Scardaun 

Lake),  860. 
Callitriche  hamulata  (Kutz.) — A  common  lake  plant  in  the  west. 
Potamogeton  natajis  (Linn.) — Buckoogh,    1180.     Bare   high  up,   and 

seldom  flowering.     In  turfy  lakes   and  bog-holes  this  plant  is 
most  yariable.     The  leaves  every  shape,  from  linear  to  ovate. 

Eleocharis palustris  (R.  Br.) — Bare  in  elevated  stations. 

CTrREAUN    ACHILL. 

1200  feet. 

Lotus  cornicidatiis  (Linn.) — Twelve  Bens,  1150.    J^ot  common  till  low 
levels  are  reached. 

Maamtuee;  Range. 

1200  feet. 

Aralis  hirsuta  (B.  Br.) — jS'ot  seen  elsewhere. 
Twelve   Bens. 

1200  feet. 

Lastroea  cemula  (Brack.) — Mweelrea,  980,  and  lower;  Croaghpatrick, 
630.     iNot  plentiful  amongst  the  mountains. 

Maamtijee:  Range. 

1200  feet. 

Salix  repens  (Linn.) — Mweelrea,    1000,    1140;    Twelve   Bens,   700. 
Then  abundant  along  the  maritime  mountains. 

Twelve   Bens. 

1150  feet. 

Triodia  decumbens  (Beauv.) — Maamturk  range  (Maumeen),  910.    Soon 
common. 

Zastroea Jilix-fcerjiina  (Presl.) — Abundant  below. 
Asplenium  adiantum-nigrum  (Linn.) — Mweelrea,  670.     Frequent. 
A,  ruta-muraria  (Linn.) — Benchoona,  700.     Rare  on  mountain  cliffs. 
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BrEEEENCOEEAeH. 

1100  feet. 

Linum  catharticum  (Linn.) — Abundant  when  dry  pastures  are  reached. 

Ben   Goem. 

1100  feet. 

Drosera  rotundifoUa  (Linn.) — Twelve  Bens,  800,     Then  common. 

Mweelee  A. 

1100  feet. 

Spircea  ulmaria  (Linn.) — Frequent  lower  down. 
Equimtum  syhaticum  (Linn.) — Corslieve,  600;  Mweelrea,  480.     Not 

unfrequent  lower  down. 

Twelve   Bens. 

1100  feet. 

Hieracium  vulgatum  (Fr.) — On  Muckanaght,  south  side,  where  it  varies 
into  S.  vulgatum,  var.  gothicum. 

Corylus  avellana  (Linn.) — Mweelrea,  250.      Frequent  below.     Yery 
large  hazels  grow  in  Boughadoon  at  the  base  of  Nephin. 

LOTJGHTY   Mt.    (MwEEIEEA    GeOTJP). 

1050  feet. 

Montia  fontana  (Linn.) — Glenlaur. 

MWEELEEA. 

1010  feet. 

Salix pJiylicifoUa  (Linn.) — To  550.     JSTot  seen  elsewhere. 

Delphi  Mt.  (Mweeleea  Group). 

1000  feet. 

Orchis  latifolia  (Linn.) — Seldom  occurs  so  high  up,  or  even  nearly  as 
high. 

Carex  fulva  (Good.)— Mweelrea,   800  and  500 ;    T^velve  Bens,   600. 

jS'ot  unfrequent  on  boggy  slopes  at  the  mountain  bases. 
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MWEELRE  A. 

980  feet. 

Potamogeton  polygonifoUus  (Pourr.) — Abundant  in  the  lower  bogs. 
Carex   stellidata   (Good.) — Maamturk   range,    770.     Probably  occurs 

higher,  but  I  did  not  meet  with  it.      Abundant  lower. 

Maamtitek  Kange. 

910  feet. 

Fragaria  vesca  (Linn.) — Soon  frequent. 

MWEELEEA. 

900  feet. 

Osrmmda  regalis  (Linn.) — Maamturk  range  (Maumeen),  770.  Frequent 
in  glens,  and  by  streams  lower  down. 

Benchoona. 

900  feet. 

Sieracium  anglicum,  var.  iricum  (Pries.) — Mweelrea,  650.  See  under 
M.  anglicum,  at  2150. 

^Nephinbeg  Eange  (Scardatjn  Lake). 

860  feet. 

Iris pseudacorus  (Linn.) — Growing  side  by  side  with  Carex  rigida.  A 
startling  coincidence.  I  know  of  no  instance  either  of  Iris  occur- 

ring nearly  as  high,  or  Carex  rigida  nearly  as  low.  There  would 
usually  be  a  gap  of  at  least  a  thousand  feet  elevation  between 
these  two  plants. 

Nephinbeg  Eange. 

850  feet. 

Eleocharis  muUicaulis  (Sm.) — Mweelrea,  750 ;  Birreencorragh,  600 ; 
Twelve  Bens,  650.  Especially  abundant  in  the  Connemara  dis- 

trict, as  in  Glencoaghan. 

MwEELEEA. 

850  feet. 

Hypericum  androsoemum  (Linn.) — Twelve  Bens,  420.    Not  unfrequent. 
Veronica  officinalis  (Linn.) — Common  lower. 
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Ckoaghpatbick. 

820  feet. 

Anagallis  tenella  (Linn.) — Ben  Gorm,  800.  Characteristic  of  the  lo-\v- 
lying  turf-bogs. 

Twelve   Bens. 

820  feet. 

Carex pallescens  (Lam.) — Delphi  Mt.,  400;  Mweelrea,  380  and  550. 
Yery  rare  in  the  west. 

ACHIIL. 

800   feet. 

Sedum  anglicum  (Linn.) — Common  at  lower  levels. 

Mweeleea. 

800  feet. 

Myrica  gale  {JAmi.) — Delphi  Mt.,  770;  Birreencorragh,  775;  Maam- 
trasna,  750.  Characteristic  of  the  low  txirf-bogs  and  very  rigor- 

ously defined  in  its  ascent. 

BrREEENCOEEAGH. 

775  feet. 

Alcheinilla  arvensis  (Scop.) — Not  seen  elsewhere  on  the  mountains. 

Mweeleea. 

750  feet. 

Drosera  anglica   (Huds.) — Ifephin,  500.     Common  in   all  the  bogs 
below. 

D.  intermedia  (Hayes) — Commoner  than  the  other  Broserm,  especially 
in  the  wetter  bogs  about  the  margin  of  the  big  lakes,  as  at  Derry- 
clare  and  Inagh. 

Rubus  fruticosus  (Linn.) — Never  occurs  high  up.    This  was,  I  believe, 
the  variety  R.  leucostachys  (Smith). 

Quercus  robur  (Linn.) — Twelve  Bens,  700.     Fine  old  native  trees  may 
be  seen  at  the  base  of  Nephin. 
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N  E  P  H  I  N  . 

700  feet. 

Chiefly  usual  lowland  stragglers  from  this  level. 

Lychnis  flos  cuculi  (Linn.) — "WTiite  at  250  feet,  Corslieve.     Frequent. 
Comarum palustre  (Linn.) — ^Frequent. 

TwELYE  Bens. 

650  feet. 

Mentha  aquatica  (Linn.) — Not  common  in  the  mountain,  district. 

MWEELEEA. 

650  feet. 

Pinguicula  hisitanica  (Linn.) — Frequent  to  about  this  height. 
Bunium flexuosum  (With.) — Common. 

Ceoaghpatrick. 

630  feet. 

Cotyledon  umhilicus  (Linn.) — Abundant  below. 
Scilla  nutans  (Sm.) — A  lowland  straggler. 

C  0  ESLIEY E. 

600  feet. 

Epilohium  oisciirum  (Schreb.) — Specimens  gathered  near  Delphi  House 
in  ditches  by  the  road  appeared  to  me  to  belong  to  typical 
P.  tetragonum  (Linn.).  My  plants  were  unfortunately  badly 

preserved. 
N  E  P  H  I  N  . 

500  feet. 

\  Crataegus  oxyacantha  (Linn.) — Perhaps  introduced. 

Delphi    ]Mt. 

500  feet. 

Carex  flava  (Linn.) — Yar.  oederi.     Not  seen  frequently. 
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MWEEXEE  A, 

480  feet. 

Cynosurus  cristatiis  (Linn.) — Common. 
Poafluitans  (Scop.) — Common. 

M WEELEE A . 

450  feet. 

Fraxinus   excelsior  (Linn.) — Handsome    native    trees    occur    in    the 
"forest"    at   the   base   of   ISTephin. 

Anmdo phragmites  (Linn.) — Common. 

BlEEEENCOKKAGH. 

380  feet. 

Cultivation  at  about  400  feet,  the  highest  seen  on  the  Mayo  or 
Galway  Mountains. 

Anthemis  nolilis  (Linn.) — IN'ot  seen  elsewhere;  but  this  plant  properly belongs  to  roadsides. 

Agrostis  vulgaris  (Linn.) — Y ar.  pumila.     Not  seen  elsewhere. 

BlEEEENCOEEAGH. 

350  feet. 

Nynvphoea  alia  (Linn.) — Frequent. 
Hypericum  elodes  (Linn.) — Frequent. 
TJtricularia  intermedia  (Hayne.) — Plentiful  in  many  places,  and  occurs 

throughout  the  districts  visited.  Often,  as  by  Glenlaur  river  and 
near  Delphi  House,  it  is  found  in  the  slimiest  and  filthiest  mud- 
holes,  where  nothing  else  appears  to  thrive.  I  found  it  in- 

variably (June  and  July)  attached  to  its  hybernacula.  Bee 
Introduction. 

Eriocaulon  septangulare  (With.) — Corslicve,  250.     See  Introduction. 
Scirpus  fluitans  (Hook.) — Plentiful  in  many  places,  as  about  Doo 

Lough  and  Derryclare. 

Rhynchospora  alba  (Vahl.) — Corslieve,  250.  Not  common;  but  occurs 
in  the  wettest  bogs  in  several  places. 

Carex  filiformis  (Linn.)  \   The  distribution  of  these  sj)ecies  is  given  in 
C.  limosa  (Linn.)  )         the  Introduction. 

ACHILL. 

350  (?)  feet. 

Adiantum  capillus-vetieriK  (Linn.) — Also,  I  believe,  at  Salrock. 
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Ceoa&hpateick  . 

300  feet. 

CuItivatioiL  at  about  250  feet,  north,  side. 

^Zflex  europmis  (Linn.) — Eare  in  the  mountain  districts,  and  perhaps 
not  natiye. 

[MAlillTJEK  EA^'CfE. 

300  feet. 

Cultivation  at  about  280  feet,  Glencroft. 

Nasturtium   officinale   (E.    Br.) — Confined  to   the   low   valleys   and 
ditches. 

Car  ex  paniculata  (Linn . ) — Frequent. 
Lastrcea  oreopteris  (Presl.) — Also  on  Letterbrickaun,  near  Leenane. 

Occurs  very  sparingly. 

jS"  E  P  H  I  If  . 

250  feet. 

Cultivation  at  about  200  feet,  Boughadoon. 

Sanicula  europcea  (Linn.) — Frequent. 

Delphi  ]!iEt. 

250  feet. 

Cultivation  at  about  230  feet,  Grlenlaur. 

Rom  tomentosa  (Sm.) — Less  common  than  R.  canina. 
Stachys palustris  (Linn.) — Common. 
Salenaria  cMorantha  (Bab.) — Xot  unfrequent.     S.  lifolia  occurs  at 

the  base  of  jS'ephin. 
Ceterach  officinarum  (^illd.) — Frequent. 

lilwEELEEA. 

250  feet. 

Cultivation  at  about  200  feet,  Delphi. 

Hyjjochccris  radicata  (Linn.) — Frequent. 
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C  OESIIEVE  . 

250  feet. 

Cultivation  at  about  200  feet,  Deel  Bridge. 

Utricularia  minor  (Linn.) — About  the  Killary  in  several  places,  but 
sparingly  and  much  scarcer  in  the  districts  visited  than  U.  inter- 
media. 

There  is  little  cultivation  at  the  bases  of  most  of  the  mountains 

dealt  with,  and  amongst  the  different  ranges  there  are  many  extensive 
glens  and  valleys  whose  botanical  conditions  are  not  influenced  by  the 
hand  of  man.  Several  species  are  strictly  confined  to  the  bases  of 
these  valleys,  although  apparently  all  the  conditions  requisite  for 
their  growth  are  fulfilled  higher  up.  Some  are,  perhaps,  denied  the 
power  of  spreading,  while,  no  doubt,  a  slightly  decreasing  mean  tem- 

perature as  we  ascend  drives  many  competitors  from  the  struggle,  and 
affords  space  for  the  hardier  sorts  to  thrive  and  monopolize  the  soil. 
It  is  of  use  to  obtain  a  list  of  these  species,  which  are  thus,  though  ready 
for  the  start,  compelled  to  remain  below.  Plants  of  cultivation,  or 
affecting  roadsides,  broken  soil,  or  habitations,  do  not  enter  this  Hst, 
and  those  belonging  to  the  immediate  margin  of  the  sea  are  also  ex- 

cluded. All  are,  in  fact,  plants  of  a  mountainous  country,  but  con- 
fined to  the  lowest  levels. 

Caltha  palustris,  Linn. 
Nuphar  lutea,  Sm. 
Hypericum  quadrangulum,  Linn. 
Geranium  molle,  Linn. 
G.  rolertianmn,  Linn. 
Sarothamnus  scoparius,  Scop. 
Lotus  major,  Scop. 
Prunus  communis,  Huds. 
Geum  urlanum,  Linn. 
Rosa  canina,   Linn.   (^R.  canina, 

Woods.) 
Lythrum  salicaria,  Linn. 
Peplis  portula,  Linn. 
Circma  lutetiana,  Linn. 
Hydrocotyle  vulgaris,  Linn. 
Helosciadium  nodiflorum,  Koeh, 
(Enanthe  crocata,  Linn. 
Viburnum  opulus,  Linn. 
Tussilago  farfara,  Linn. 
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JBidens  tripartita,  Linn. 
B.  cernua,  Linn. 
Achillea  ptarmica,  Linn. 
Gnaphalium  uliginosum,  Linn. 
Centaur ea  nigra,  Linn. 
Sieracium  pilosella,  Linn. 
Erica  mediterranea,  Linn. 
Scrophularia  nodosa,  Linn. 
8.  aqtiatica,  Linn. 
Pedicularis  palustris,  Linn. 
Veronica  scutellata,  Linn. 

V.  anagallis,  Linn. 
V.  heccahunga,  Linn. 
Rumex  conglomeratus,  Murr 
R.  oMusifolius,  Liim. 
R.  crispus,  Linn. 
Alnus  glutinosa,  Goert. 
Hahenaria  alhida,  E.  Br. 
Allium  ursinum,  Linn. 

4E 
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Juncus  lamprocarpus,  Eholi. 
J.  bufonius,  Linn. 
Sparganiuvi  ramosum,  Huds. 
S.  natans,  Linn. 
Triglochin  palustre,  Linn. 
Cladium  mariscus,  R.  Br. 
Scirpus  savii,  S.  et  M. 
S.  setaceiis,  Linn. 
Carex  remota,  Linn. 

C.  ovcdis,  Good. 
C.  stricta,  Good. 
C.  sylvatica,  Huds. 
C.  prcecox,  Jacq. 
C.  Mrta,  Linn. 
Arrhenatherum  avenaceum,  Beauv. 

Equisetum  arvense,  Linn. 
Scolopendrium  vulgare,  Sm. 
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XCII. — On  the  CEAimjM  of  a  Natiye  of  Lord  Howe'9  Island.  By 
A.  Macalister,  M.  D.,  r.E..S.,  Professor  of  Anatomy,  University 
of  Dublin. 

[Eead,  December  11,  1882.] 

Through  the  kindness  of  Lowry  Armstrong,  Esq.,  of  H.  M.  S.  "  Cor- 
morant," I  have  obtained  the  skull  of  a  native  of  this  very-little- 

known  island.  There  are  three  islands  of  the  south-east  Pacific  often 
confounded  with  each  other,  and  called  by  this  name :  the  first  of 
these,  and  the  one  to  which  I  at  present  refer,  is  one  of  the  Queen 

Charlotte  groups  in  S.  lat.,  11°  10',  East  long.  165°,  and  is  the  next 
land  to  Egmont  Island. 

Another  island  of  the  same  name,  or,  according  to  Captain  Cook, 
a  set  of  islets  united  by  a  marginal  reef,  was  described  and  first  visited 

by  Wallis  in  1767,  in  S.  lat.  36°  50',  and  E.  long.  154°  21',  in  the 
region  known  as  the  Coral  Sea;  and  yet  another  Lord  Howe's  Island 
lies  east  of  New  Ireland,  of  the  Solomon  group,  in  S.  lat.  5°  30',  and 
159°  31'  E.  long. 

Less  seems  to  be  known  of  the  first  than  of  either  of  the  others, 
and  no  other  cranium  has  as  yet  reached  this  country  from  it. 

The  skull  in  question  is  cryptozygous,  and,  to  use  the  term  invented 
for  the  crania  of  the  neighbouring  race  of  ISTew  Caledonians,  hypsi- 
stenocephalic.^  It  was  that  of  a  young  man,  known  during  life  to  some 
of  the  persons  who  had  the  opportunity  of  disinterring  it  some  years 
after  its  burial.  He  was  supposed  to  be  about  twenty-seven,  but,  from 
the  patent  basi-occipito-sphenoidal  suture,  can  scarcely  have  been  so 
old ;  he  is  described  as  having  been  black  and  woolly-haired,  as  are 
the  others  who  inhabit  the  island.  The  bones  are  porous  ;  the  frontal 
suture  is  open  for  about  a  centimetre  over  the  nose,  but  obliterated 
above ;  the  coronal  suture  presents  the  not  uncommon  character  of 
being  nearly  toothless  for  about  5  cm.  on  each  side  of  the  middle 
line,  then  for  about  3  cm.  it  is  richly  toothed,  as  far  as  the  tem- 

poral crest,  while  the  lower  2^  cm.  is  again  smooth.-  The  sagittal 
suture  is  accidentally  slightly  depressed  in  one  place,  and  its  denti- 
culations,  slighter  and  simpler  in  front,  are  rich  and  complex  behind. 
The  lambdoidal,  also  richly  toothed,  has  one  wormian  bone  on  the 
right  side  near  the  top  of  the  suture.  There  is  a  wormian  bone  at  the 
top  of  the  left  alisphenoid,  directly  below  the  line  of  the  coronal,  but 
not  occupying  more  than  one-half  of  the  long  spheno-parietal  suture, 
which  measures  2  cm.  The  muscular  crests  are  feebly  developed;  the 
inion  small  and  rounded,  but  the  impression  for  the  splenius  capitis 
is  unusually  distinct  and  flattened  outwards,  projecting  against  the 
mastoid  process.  The  occipital  condyles  are  unsymmetrical,  the  right 
being  smaller  than  the  left,  and  the  margin  of  the  foramen  magnum  is 

'  Barnard  Davis,  "Natuurk.  Verhand.  v.  d.  HollandscheMaatschappij."  Haar- lem xxiv.  deal. 

-  This  character  I  have  often  seen ;  it  is  well  marked  in  some  Kanaka  and 
Fijian  skulls  in  our  Museum, 



770      '         Proceedings  of  the  Royal  Irish  Academy. 

raised  into  a  knob  beldnd  the  right  condyle.  The  right  jugular  hole 
is  twice  the  size  of  the  left;  the  styloid  process  is  small;  the  mastoid 
large  and  thick,  especially  the  left,  as  the  right  is  a  little  flattened 
behind.  The  glenoid  cavity  is  very  much  flattened,  with  scarcely  any 
transverse  ridge  in  front,  and  a  very  faiut  eminentia  articularis.  The 
foramen  spinosum  on  the  right  is  confluent  with  the  spheno-petrosal 
suture.  The  pterygoid  plate  is  not  toothed,  but  the  outer  wall  of  the 
scaphoid  fossa  rises  into  a  spur,  and  the  external  pterygoid  plate  has 

an  upper  spur  for  the  upper  form  of  the  ligamentum  pteiygo spinosum.^ 
There  is  a  strong  crista  verticalis  on  the  anterior  and  outer  part  of  the 

external  pterygoid  plate,  in  fi'ont  of  the  pterygomaxillary  fossa.  The 
processus  malaris  of  the  maxilla  rises  along  the  fi^ont  of  the  spheno- 

maxillary fissure,  and  almost  excludes  the  malar  from  the  margin. 
The  malar  has  a  well-marked  masseteric  crest,  and  the  maxilla  has  a 
sutura  infraorbitalis  transversa,  while  the  infi'aorbital  hole  is  united  to 
the  brim  of  the  orbit  by  the  continuation  of  the  fissure.  The  pre- 

lachiymal  sutui'e  is  nearly  complete  on  the  left,  cutting  off  an  accessory 
lachrymal,  but  is  not  so  well  marked  on  the  right.  The  lachrymals 
have  exceedingly  sharp  crests  and  deep  grooves,  but  no  hamuli.  The 

nasals  are  narrow,  separate,  unsymmetrical,  with  foramina  of  "Wenzel. The  anterior  nasal  spine  is  sharp,  the  canine  fossa  deep,  and  the 
zygomatic  ridges  well  marked.  The  alveolar  arches  are  very  large, 
the  palate  rather  deep,  the  posterior  nares  narrow,  oblique,  the  whole 
aspect  of  the  pterygoid  region  being  constricted  at  the  basal  attach- 

ment of  the  pterygoid  processes.  There  is  a  supernumerary  single- 
fanged  tooth  between  the  first  and  second  premolar  on  the  right  side 
internally. 

The  measurements  are  as  follows: — Length,  l79mm. ;  greatest 
breadth,  137  ;  fi'ontal  breadth,  104  ;  circumference,  505  ;  intermastoid 
are,  400  ;  fi'onto-occipital  arc,  340  ;  height,  149  ;  orbital  height,  32  ; 
orbital  width,  37 ;  nasal  height,  49 ;  nasal  width,  24 ;  basi-alveolar, 
line,  108;  basi-nasal  line,  103;  palato  alveolar  length,  62;  palato- 
alveolar  width,  at  last  molar  tooth,  66  ;  palatine  width,  38  ;  width  of 
both  posterior  nares,  21 ;  height,  24  ;  width  of  foramen  magnum,  29  ; 
length,  33;  length  of  spheno-parietal  suture,  21.  The  lower  jaw  is 
large,  with  very  little  chin  ;  external  width  at  the  angles  being  105  ; 
at  condyles,  115  ;  at  coronoid  processes,  90.  The  left  condyle  is  21 
long,  the  right  20  ;  the  sigmoid  notch  is  33  wide ;  the  vertical  height 
of  the  coronoid  process  is  64  ;  the  inner  length  of  the  intercondyloid 
intervals  is  76  ;  and  the  height  at  the  chia  is  32  ;  while  the  whole  length 
from  angle  to  angle  round  the  lower  margin  of  the  chin  is  210.  From 
these  it  will  be  seen  that  the  altitudinal  index  is  "SS  :  the  latitudinal, 
much  less,  is  -76  ;  the  orbital,  -86  ;  the  nasal,  -48  ;  the  alveolo-nasal, 
•104;  the  capacity  measured  by  Busk's  choremometer,  1350. 

The  cranium  thus  belongs  to  the  type  of  hypsi-mesaticephalic 
leptorhine,  mesoseme,  prognathous,  microcephalic  skulls,  and  thus 
resembles  in  type  the  other  Melanesians  of  neighbouring  islands. 

2  See  Proceedings,  Eoyal  Irish  Academy,  vol.  ii.  N".  S.,  Science,  p.  202. 
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XCIII. — FmiTHEE  Evidence  as  to  the  Existence  of  Hoened  Men  in 
Afeica.  By  A.  Macalistee,  M.D.,  F.R.  S.,  Professor  of  Anatomy, 
University  of  Dublin.     (Plate  .XX.) 

[Read,  December  11,  1882.] 

Some  years  ago  Dr.  H.  Minchin  lent  me  a  photograph,  brought  home 
from  West  Africa  by  his  son,  the  late  Dr.  R.  Minchin,  in  which  was  pour- 

trayed  the  head  of  a  "West  African,  with  two  remarkable  exostoses  on  the maxilla  below  the  orbit.  Dr.  Minchin,  junior,  had  stated  with  regard 
to  this  man  that  he  had  heard  of  a  tribe  having  this  peculiarity, 
that  they  were  famous  as  executioners  somewhere  on  the  borders  of 
Dahomey. 

The  peculiarity  shown  in  the  photograph  (PI.  XX.)  consists  of  two 
symmetrical,  and  evidently  bony,  outgrowths  of  the  infra-orbital  edge 
of  the  maxilla,  in  a  long-faced  and  somewhat  long-headed  negro,  with 
scanty  moustache  and  beard. 

I  made  many  inquiries  among  those  acquainted  with  the  west 
coast  of  Africa,  and  though  I  found  several  persons  who  had  heard 
something  about  the  existence  of  people  of  the  kind,  yet  I  could  get 
no  satisfactory  account  until  my  friend,  Dr.  Allan,  being  appointed 
Colonial  Surgeon  at  Bathurst,  kindly  undertook  to  make  inquiries  for 
me.  One  previous  informant  told  me  he  had  seen  a  man  with  spur- 

like processes  on  the  malar  bone,  but  could  give  me  no  definite  infor- 
mation of  his  whereabouts. 

Dr.  Allan  communicated  with  me  that  the  man  in  question,  whose 

photograph  I  had  shown  him,  had  come  from  Akim,  in  6"^  North  lati- 
tude and  1°  East  longitude.  Dr.  Allan  obtained  also  from  the  late 

Captain  O'Brien  a  letter,  in  which  that  gentleman  related  that  he  had 
made  an  attempt  to  get  the  man  to  Europe,  but  that  having  brought 
him  to  the  seaport  he  repented,  and  could  not  be  induced  to  go  any 
farther. 

By  the  kindness  of  Professor  O'Reilly  I  obtained  an  extract  fi-om 
a  letter  from  his  brother,  H.  E.  O'Reilly,  Esq.,  of  Cape  Coast  Castle, 
in  which  he  says: — ''I  examined  the  Kebby  man  six  years  ago,  and 
subscribed  £5  towards  sending  him  home  for  examination.  The  his- 

tory of  that  case  is  this.  About  six  years  ago  Captain  Hay  (Houssas) 
was  sent  on  a  mission  for  the  Government  to  a  place  called  Kebby,  I 
think,  in  the  Diabbee  country,  north-east  of  Cape  Coast.  He  there 

came  across  this  man,  and  brought  him  down  with  him.  "We  all  agi'eed to  send  him  home  with  CaptainBaker,  who  was  then  starting  for  England. 
Baker  took  the  fellow  as  far  as  Akim,  where  the  steamer  called ;  here  the 
man  cleared  out,  and  was  back  in  Cape  Coast  at  my  place  in  a  few  days. 
He  told  me  that  he  could  get  no  food  on  board,  and  so  had  run  away. 
There  is  a  bony  exostosis  on  each  malar  bone  over  the  antrum  high- 
morianum.  I  was  anxious  to  make  a  cast  of  the  case  at  the  time, 
but  had  no  materials.  Erom  reasons  of  my  own,  and  inquiries  among 
well-informed  natives,  I  came  to  the  conclusion  that  the  case  was  not 
a  congenital  malformation,  but  artificially  produced,  and  that  is  the 
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reason  I  took  so  little  interest  in  the  matter.  In  fact  I  was  told  by 
some  Fantees  that  it  is  quite  possible  to  produce  this  deformity.  As 
to  there  being  a  tribe  of  these  men,  or  even  a  family  similarly  affected, 
that  I  very  much  doubt,  as  I  think  I  must  have  heard  something  of  it. 
Mr.  Allan  had  seen  this  man  from  Kebby,  and  I  believe  he  is  in  Akim 
country.  I  have  seen  plenty  of  tattooing  here  on  the  black  skin,  and 
as  the  pigment  does  not  shoTV  well,  they  cause  the  granulations  from 
the  cut  surface  to  rise  from  half  an  inch  to  an  inch  above  the  level  of 

the  skin.  There  would  be  no  difficulty  in  causing  a  bony  growth  to 

spring  from  the  anti'um  or  from  the  malar  bone  by  puncturing  and 
applying  the  stimulants  they  use  in  tattooing.  I  am  aware  that  the 
Akim  country  is  thoroughly  well  known  to  a  number  of  colonial 

officials,  and  they  have  not  come  across  the  horned  men." 
In  the  Yerhandlungen  of  the  Berlin  Society  for  Anthropology, 

Ethnology,  and  Primitive  History  for  1877,  an  account  of  this  man  was 

noticed ;  but,  fi'om  the  remarks  made  by  Professor  Yirchow,  the  out- 
growth seems  to  have  been  confounded  with  one  of  the  commoner 

pathological  conditions  of  epidermal  horn. 
In  the  course  of  the  last  week  I  received  from  my  friend,  Dr.  Allan, 

a  second  letter,  dated  from  Gambia,  jS^ovember  17,  1882,  in  which  he 
says: — "I  enclose  you  a  letter  written  to  me  by  P.  Hughes,  Esq., 
Assistant  Colonial  Secretary  at  Sierra  Leone.  You  will  see  from  it 
that  he  confirms  the  certificate  given  to  me  by  the  late  Captain 

O'Brien,  and  read  by  you  to  the  Eoyal  Irish  Academy. 
"  llr.  Hughes  further  informed  me,  that  while  in  Eastern  Akim  he 

saw  two  men  with  the  horns,  and  the  man  described  by  Captain 

O'Brien.  I  think  the  existence  of  this  peculiar  family  cannot  be 
longer  doubted.  The  horn  is,  I  believe,  an  anatomical  one,  and  not 
due  to  disease.  The  task  of  securing  one  of  these  skulls  is,  I  am 

afraid,  a  hopeless  one." 
The  letter  referred  to  by  Dr.  Allan  is  as  follows  : — 

' '  SiEEKA  Leojte, 

''  Novemler  Uth,  1882, 

"Deak  Sir, — In  answer  to  your  letter  upon  the  subject  of  the 
horned  man,  described  by  Captain  O'Brien,  I  beg  to  inform  you  that  I 
have  seen  the  man  in  question,  and  that  Captain  O'Brien's  description 
of  him  is  correct.  This  person  was  seen  by  Captain  Hay  in  Akim  in 
1875  or  1876,  and  that  officer  made  arrangements  for  sending  him  to 
England.  I  believe  that  he  went  on  board  the  mail  steamer,  and  then 
declined  to  proceed,  and  was,  of  course,  allowed  to  return  on  shore. 
He  was  photographed,  and  copies  can  be  obtained  at  Elmina,  Gold 
Coast. 

"  When  visiting  Akim,  in  1877,  I  observed  two  other  men  possess- 
ing, although  in  a  much  less  degree,  the  peculiarities  described  in  the 

certificate  furnished  to  you  by  Captain  O'Brien. 
' '  I  remaia  yours  very  truly, 

"  Peecival  Htjghes, 

^^  Assistant  Colonial  Secretary V 
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The  information  thus  gathered  hy  the  indefatigable  researches  of 
Dr.  Allan  is  of  very  great  interest.  Exostoses,  we  know,  are  not  at  all 
uncommon  in  the  vicinity  of  the  antrum,  and  the  one  figured  hy  Mr. 

Hilton  (6-'«y's  Sosp.  Reports,  vol.  i.)  is  not  unlike  one  of  those  shown 
in  the  photograph.  A  similar  exostosis  is  described  by  Samuel  Cooper 
in  the  London  Medical  Gatette,  vol.  iv.,  p.  369. 

That  outgrowths  here  may  be  really  race  characters  is  not  to  be 
entirely  ridiculed,  for  the  neighbouring  malar  bone,  which  here,  accord- 

ing to  Dr.  0'E,eilly's  description,  participates  in  the  swelling,  certainly 
shows  certaia  race  peculiarities,  such  as  the  bigger  Tuberositas  malaris 
of  the  Mongolians,  and  the  Processus  marginalis,  whose  race  peculiari- 

ties have  been  pointed  out  by  Werfer  [Bas  Wangenhein  des  Menschen, 
Tubingen,  1869);  while  Hilgendorf  describes  a  separation  of  the 
malar  into  two  parts  as  common  among  the  Japanese  {Mittlieilung .  der 
deutscJien  Gesellscliaft filr Natur-und-Voncerhmde,  Ostasiens,  1873,  p.  1). 
The  examination  of  this  region  in  the  fifty  Afi'ican  crania  of  our  Uni- 

versity Museum  shows  that  while  in  one  Congo  negro  there  is  a  little 
fulness  in  this  region,  there  is  no  trace  of  any  enlargement  in  any  of 
the  others. 

The  Akim  negroes  speak  a  negro  dialect  of  the  Egwee  class,  and 
are  of  the  same  race  as  the  Fantees  and  Ashantis,  of  which  race  I  have 
several  crania,  notices  of  which  I  hope  to  be  able  to  lay  before  the 
Academy  on  a  future  occasion. 

The  letter  formerly  received  from  Dr.  Allan  is  as  follows  : — ' '  Madeira, 

''Felrumy  2Qt]i,  1881. 

"Deab,  De.  Macalistee, — I  send  you  a  few  lines  relative  to  our 
conversation  of  16th  inst.  I  have  learned  a  few  authentic  facts  en 

voyage  about  the  '  horned  men '  from  Captain  O'Brien  of  the  Houssa 
Force,  West  Africa.  The  statement  made  here  is  certified  below  by 
him.  A  Captain  Hay  (now  in  Tobago,  W.  I.)  had  stated  that  he  had 
seen  these  men  at  Akim.  We  had  one  of  the  men  en  route  for  Eng- 

land, but  he  refused  to  proceed  eventually.  Captain  O'Brien  saw  this 
man  at  Elmina,  and  describes  him  as  follows  : — '  He  was,  as  regards 
colour,  hair,  &c.,  similar  to  an  ordinary  native.  The  horns  occupied 
the  malar  region,  were  about  two  inches  in  length,  their  direction 

being,  I  believe,  fi'om  his  description,  upwards,  outwards  and  for- 
wards, non-movable,  and  covered  with  skin,'  " 

The  certificate  of  Captain  O'Brien  was  as  follows : — 

' '  I  certify  I  have  seen  a  man  answering  to  the  above  description 
exactly,  and  said  to  be  the  same  person  Captain  L.  Hay  alluded  to. 

''  Paul  D.  O'Beiek." 
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XCIV. — On  the  Ckania  op  [N'atiyes  ot  the  Solomon  Islands.  By 
Alexander  Macalistee,  M.D.,  F.E.S.,  Professor  of  Anatomy, 
TJniversity  of  Dtiblin, 

[Read,  January  22,  1883.] 

The  Solomon  or  Salamon  Islands  form  a  large  Archipelago,  about 
700  miles  long,  made  up  of  two  lines  of  islands,  whereof  seven  are 

of  large  size,  and  about  thirty  are  smaller,  and  they  form  the  eastern- 
most portion  of  the  Papuan  Zoological  Province.  These  islands  are 

chiefly  volcanic,  margined  with  coral,  well  wooded,  with  a  flora  rich 
even  for  a  western  Pacific  land ;  but  they  have  from  early  times 

acquired  for  themselves  an  e"vdl  reputation,  both  in  point  of  un- 
healthiness  and  inhospitality  on  the  part  of  their  inhabitants,  and 
hence  our  knowledge  of  their  ethnology  is  scanty  and  fragmentary. 

They  were  discovered  in  1668  by  Mendana,  and  since  his  time 

have  been  visited  by  Dumont  D'Urville  ( Voyage  pittoresc[ue  autour 
du  Monde,  1835,  vol.  ii.  p.  150) ;  by  Brenchley  {Jottings  during  ths 
Crime  ofS.  M.  S.  Curacoa  in  1865  :  1873,  p.  248) ;  by  Eedlich,  master 

of  the  schooner  "Franz"  {Journal  Geographical  Society,  1874,  p.  30) ; 
byErskine  in  1853;  by  Scherzer  of  the  Austrian  Expedition  {Novara- 
reise,  1861.  ii.  429);  by  Webster  {Last  Cruise  of  the  Wanderer: 
Sydney,  1863).  Inhabitants  of  these  islands  have  been  figured  and 
described  by  Dumortier  {Atlas  Bu  Voyage  au  Pole  Sud.),  and  by 

Yirchow  ( Verhand.  der  Berliner  Gesellsch.  f.  Anthropologie,  Ethno- 
logie,  &c.,  1877,  p.  241).  They  have  been  also  visited  by  my  former 
pupils,  Dr.  Groode  and  Dr.  Forbes,  and  two  years  since  by  H.  M.  S. 

"  Cormorant,"  on  the  occasion  of  which  visit  these  skulls  were  obtained 
by  Lowry  Armstrong,  Esq.,  R.N.,  by  whom  they  were  presented  to 
me. 

There  was  (1873)  but  one  European  resident  in  the  Archipelago, 
Mr.  Perry,  at  Makira,  San  Christoval ;  but  no  mission  station  has 
hitherto  taken  root.  Some  years  ago  a  Roman  Catholic  bishop  and 
fifteen  priests  chartered  a  schooner  and  landed  on  Tsabel,  but  ere  the 
prelate  had  been  a  few  hours  on  shore  he  was  murdered,  and  his  com- 

panions compelled  to  re-embark  (Erskine,  West  Pacific  Islands,-^.  335). 
My  former  pupil,  Dr.  Litton  Porbes,  who  is  well  acquainted  with  the 
inhabitants  of  many  of  the  Western  Pacific  Islands,  thus  characterizes 

the  Solomon  islanders: — "  So  innately  ferocious  and  bloodthirsty  are 
the  natives,  that  any  white  man  that  would  live  among  them  must  go 
armed,  unless,  indeed,  his  object  be  martyrdom;  otherwise,  before  he 
could  possibly  learn  the  languages  and  dialects  of  his  congregation,  he 
would,  in  mere  self-defence,  have  to  send  so  many  souls  to  Hades, 
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that  the  suhsequent  success  of  years  might  not  suffice  to  compensate 

the  loss."  Even  when  brought  as  labourers  to  Fiji,  Dr.  Forbes  describes 
their  condition  as  not  much  improved.  In  the  work  from  which  I 

have  just  quoted  [Tivo  Years  in  Fiji,  p.  64.)  he  says,  "All,  however" 
(of  the  Polynesian  labourers),  "of  whatever  nationality,  seem  to  regard 
the  Solomon  islanders  with  especial  aversion,  and  even  fear."  From 
Dr.  Forbes'  experience  of  this  transport  Polynesian  labour,  he  does 
not  seem  to  regard  it  as  such  a  potent  civilizing  influence  for  the  island 
native  as  the  late  Anthony  TroUope  represents  it  to  be  in  his  work  on 
Australia  and  New  Zealand  {vol.  i.  p.  133).  These  Solomon  islanders, 
however,  in  Fiji,  even  after  a  short  period  of  residence  among  others, 
have  been  known  to  steal,  kill,  cook,  and  eat  any  unfortunate 
people  they  might  find  straying  near  their  huts.  This  cannibalism 

is  habitual.  Captain  Eedlich,  of  the  schooner  "Franz,"  saw  a  num- 
ber of  men  who  had  cooked  a  captive  whole,  and  then  sold  the  body 

in  parts,  and  on  expressing  his  disgust  to  Mr.  Perry,  was  informed  by 
that  gentleman  that  he  had  seen  as  many  as  twenty  bodies  cooked  at 
one  time  for  a  single  feast.  Captain  lledlich,  however,  says  they 
seemed  to  him  inoffensive  when  not  excited.  They  keep  the  skulls  of 
those  whom  they  have  eaten  suspended  in  their  canoe  houses,  along  with 
other  ornaments,  such  as  the  bones  of  fishes  and  curious  wood  carvings. 
Mr.  Brenchley  saw  twenty- five  such  skulls  in  one  place  in  San  Chris- 
toval  (at  Wanga),  all  of  which  showed  the  effects  of  clubs  or  tomahawks. 
They  do  not  seem,  like  the  people  of  New  Ireland,  to  hang  the  heads  in 
their  own  huts.  Mr.  Brown  (Journal  of  the  Royal  Geographical  Society, 
vol.  xlvii.,  1877,  p.  142)  saw  in  one  house  in  the  latter  island  thirty-five 
human  jawbones  hanging  from  the  rafters  blackened  with  smoke:  "  a 
smoke-dried  hand  was  hanging  in  the  same  house,  and  just  outside  I 
counted  seventy-six  notches  in  a  cocoa  tree,  each  notch  of  which  the 
natives  told  us  represented  a  human  body  which  had  been  cooked  and 

eaten  there."  These  heads  hung  up  in  the  canoe  sheds  have  been  for  the 
most  part  robbed  of  their  teeth,  of  which  they  make  necklaces,  such 
as  the  one  I  exhibit.  These  necklaces  are  not  easily  got.  Commodore 
Sir  W.  Wiseman  offered  two  guns  for  one  and  was  refused.  The  late 
lamented  Bishop  Pattison,  however,  brought  home  three ;  and  Dr. 
Goode  obtained  the  specimen  which  is  on  the  table  from  the  island  of 
Ulakua. 

Scherzer  says  of  these  islanders  that  they  were  the  most  intrac- 
table and  savage  of  all  the  tribes  that  he  visited  in  the  entire  Novara 

voyage  ;  and  Brenchley  describes  them  as  being  intensely  excitable — 
stirred  up  to  madness  in  a  minute.  It  was  here  that  Mr.  Boyd,  the 

owner  of  the  "  Wanderer,"  perished  in  1862. 
In  appearance  there  is  a  great  variety  among  the  natives.  Those 

of  the  inland  parts  of  San  Christoval,  who  live  in  the  forest  and  on 
the  slopes  of  the  hills  (which  here  rise  to  a  height  of  4000  feet),  are 
called  by  the  coast-dwelling  natives  Bushmen,  and  with  these  the 
fishermen,  as  they  name  the  littoral  tribes,  are  constantly  at  war. 
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The  heads,  consequently,  wliich.  are  found  in  the  canoe  houses  are 
generally  those  of  the  Bushmen. 

The  people  of  San  Christoval  are  said  by  Brenchley  to  be  wretched, 
poor  emaciated  creatures,  many  of  them  covered  with  scaly  eruptions, 
as  though  their  skin  was  peeling  ofi.  This  pityriasis  is  not  rare  among 
the  Melanesians.  Those  of  the  inland  districts  are  puny,  but  healthier 
looking.  One  native  of  Morrissi,  examined  by  Virchow  {loo.  cit.),  was 
a  healthy,  well-grown  male  of  twenty ;  in  height  5  ft.  2  in.  ;  hypsi- 
brachycephalic,  with  a  flat  nose  ;  strong,  but  not  very  prognathous 
jaws  ;  skin  of  a  dark  blackish-brown  colour  ;  and  beard  black,  thick, 
curly,  short.  Webster  {loc.  cit.)  says  they  are  nearly  black,  with 
woolly  hair,  and  the  countenance  characteristic  of  the  Papuan  Negro. 
The  males  have  the  western  Polynesian  habit  of  stiffening  their  hair 
into  mops,  though  not  as  largely  as  the  Papuans,  with  yellowish  clay 
and  lime,  which  cosmetic  they  call  chinam  (cf.  Strauch,  Zeitsch.  f. 
Mhnologie,  vol.  ix.,  1877,  p.  241). 

The  different  islands  have  for  the  most  part  different  dialects ;  and 
in  San  Christoval  that  of  the  fisher  tribes  (Bauro),  which  contain  many 
Polynesian  words,  differs  from  that  of  the  Bushmen,  which  is  said  to 
be  more  like  the  Ulana  dialect. 

San  Christoval  is  the  fifth  largest  of  these  islands,  and  the  best 
known.  The  inhabitants  are  usually  hung  with  ornaments,  and  wear 
heavy  wooden  and  shell  disks  in  their  ears,  sometimes  lengthening  the 
lobe  considerably.  This  perhaps  is  correlated  with  the  fact  that  in  the 
second  of  our  skulls  the  tympanic  bone  is  much  thickened.  They 
almost  all  have  transversely-placed  rods  or  shells  in  their  noses.  They 
sometimes  adorn  their  heads  with  handsome  shell  combs ;  sometimes 
they  cut  their  hair  in  terraces  from  ear  to  ear.  Mr.  Brenchley  saw 
some  women  who  had  their  hair  partially  shaved  off,  or  cut  close,  so 
as  to  leave  a  roadway  across  their  heads.  Many  men  are  tattooed  in 
patterns,  produced  by  a  series  of  short  incisions,  made  with  obsidian 
knives.  Some  of  them  have  very  flattened  noses,  but  it  does  not 
appear  that  they  increase  this  by  art\  They  chew  betel,  and  are 
greedy  for  tobacco.  They  wear  little  or  no  clothing,  and  are  exceed- 

ingly ingenious  in  their  carvings  and  artistic  work,  illustrations  of 
which  are  given  by  Brenchley.  In  the  neighbouring  island  of  Rubiana, 
near  New  Georgia,  they  prepare  skulls  as  ornaments,  colouring  them 
with  clay,  fastening  in  artificial  teeth  of  shell  and  wood,  and  mother- 
of-pearl  eyes.  Such  crania  are  not,  as  far  as  I  know,  prepared  or 
kept  in  the  other  islands  of  the  group. 

The  crania  available  for  comparison  with  my  two  are — one  in  the 
Hunterian  Collection  from  Ysabel,  and  one  from  an  island  undeter- 

mined, presented  by  Sir  Erasmus  Wilson  ;  as  well  as  two  artifically 

^  The  new-born  children  of  the  island  of  Jap  (Wuap),  near  the  Pelews,  have 
their  noses  squashed  flat  after  birth  by  their  parents.  They  call  the  operation 
"  Andovreck":    see  Miklucho-Maclay,  Zeltf:chrift  fur  Ethnologic,  x.,  p.  10.3. 
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prepared  skulls  from  Eubiana,  presented  ty  Dr.  Bennett ;  three  de- 
scribed in  the  "  Thesaurus  Craniorum  "  from  the  Davis  Collection  from 

Makira,  Christoval,  brought  home  by  Dr.  Mac  Gillivray  of  H.  M.  S. 

"Herald."  One  in  the  same  collection  from  Guadalcanar ;  and  one 
from  Eubiana;  as  well  as  one  in  the  Dublin  College  of  Surgeons' 
Museum  from  Guadalcanar,  for  the  measurements  of  which  I  am  in- 

debted to  Mr.  Abraham.  Of  these  all  but  one  are  males ;  and  the 
measurements  I  have  given  in  the  Table  at  the  end  (p.  780). 

Skull  No.  1  is  that  of  a  fisherman  or  Bauro,  a  phaenozygous, 
hypsidolichocephalic  cranium,  microcephalic,  platyrhine,  micro-seme, 
prognathous,  with  very  large  everted  alveolar  arches ;  pentagonal  in 
norma  occipitalis.  The  sides  of  the  foramen  magnum  have  been 
broken ;  its  hinder  margin  is,  however,  left  at  one  spot ;  but  the 
right  side  is  cleanly  cut  away.  The  squama  occipitis  is  symmetrically 
compressed  immediately  above  and  behind  the  asterion,  and  that  region 
is  tumid,  especially  on  the  left  side.  The  mastoid  process  itself  is 
small,  but  the  whole  mastoid  portion  of  the  temporal  is  dilated,  and  the 
paramastoid  internal  to  the  digastric  groove  is  as  prominent  as  the 
mastoid  itself.  The  tympanic  is  very  thick,  especially  below  and 
behind ;  the  basilar  suture  is  closed ;  the  occipital  condyles  unsymme- 
trical ;  the  inion  weak,  rounded ;  the  spheno-parietal  suture  is  very 
short — 4mm.  on  right,  5mm.  on  left;  it  is  depressed  on  both  sides, 
and  placed  very  obliquely,  rising  forwards :  the  glenoid  cavity  is 
narrow;  the  outside  of  the  external  pterygoid  plate  on  the  left  is  pro- 

longed into  a  small  processus  pterygoideus  tertius,  which  margins  the 
ptery  go -maxillary  fossa.  The  nasal  bones  are  separate,  narrow  above, 
widening  a  little  below,  perforated  by  small  foramina;  the  fronto- 

nasal sutures  is  above  the  fronto  maxillary ;  the  lachrymal  has  no 
hamulus,  and  there  is  a  post-lachrymal  and  pre-ethmoidal  constriction 
of  the  lachrymo-ethmoidal  suture.  There  is  a  sutura  infraorbitalis  verti- 
calis  on  both  sides,  to  which  the  malar  extends  on  the  right  side  ;  and  a 
deep  canine  fossa.  There  is  an  infraorbital  eminence  at  the  end  of  the 
malar  on  the  right  side  ;  and  the  incisive  portion  of  the  alveolar  arch 
is  nearly  horizontal.  The  greatest  breadth  of  the  arch  at  second  molar 
tooth  is  63  mm. ;  the  palatine  length  is  46mm. 

Skull  No.  2  is  that  of  a  Bushman,  and  it  contrasts  in  many 
respects  with  the  former ;  it  is  also  a  male,  but  is  widely  ovate  in 
norma  verticalis;  nearly  quadrilateral  in  norma  occipitalis:  it  has  a 
spear-wound  above  the  lambda,  and  is  very  narrow  in  the  forehead, 
88  mm.;  it  is  mesati-tapeino-cephalic,  meso-cephalic,  and  was  probably 
phaenozygous,  but  has  lost  both  zygomatic  arches  ;  it  is  also  micro- 
seme,  leptorhine,  and  prognathous,  but  without  the  prominent  incisive 
arches  of  the  former.  The  basilar  suture  is  open,  but  the  last  molar 
on  each  side  has  been  cut.  The  whole  skull  is  flat-topped,  with 
prominent  parietal  eminences,  which  are  unsymmetrical,  the  right 
being  very  much  farther  back.  The  occiput  also  is  more  prominent 
backwards  on  the  right  than  on  the  left  side ;  the   spheno-parietal 
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sutures  are  longer,  not  depressed — 10  mm.  on  left,  12  on  right.  The 
tympanic  ring  is  thin:  there  is  a  posterior  condyloid  hole  on  the  left; 
only  a  blind  pit  on  the  right,  and  a  larger  jugular  hole  on  the  right 
than  on  the  left :  the  right  external  pterygoicl  plate  is  prolonged  to 
the  foramen  ovale ;  the  nasal  bones  are  small,  depressed,  not  dilating 
below.  This  skull,  therefore,  belonged  to  a  young  male,  probably 
about  twenty. 

Dr.  Abraham  has  kindly  given  me  the  folloTving  note  concerning 
the  skull  from  Guadalcanar,  in  the  ITuseum  of  the  College  of  Sur- 

geons : — 
"  This  specimen  was  presented  to  the  lEuseum  of  the  Eoyal  Col- 

lege of  Surgeons  in  Ireland  by  Sta^-Surgeon  P.  Keelan,  E.jS".  It  was 
probably  the  cranium  of  a  young  male,  as  evidenced  by  the  compara- 

tive thinness  of  the  bones,  the  slight  development  of  the  muscular 
ridges  and  fossa,  and  the  non-ankylosis  of  the  sutures,  especially  in 
the  case  of  the  spheno- occipital.  The  teeth  which  remain  in  this 
specimen  are,  moreover,  those  of  a  young  subject,  with  perfect 
crowns,  and  with  the  last  molar  on  the  left  side  not  yet  irrupted. 
The  premolars,  the  left  canine,  and  the  incisors  are  wanting;  the  con- 

dition of  the  alveoli  indicates  that  their  extraction  was  post  mortem. 
The  upper  canine  of  the  right  side  presents  a  veiy  remarkable  abnor- 

mality, its  growth  being  vertically  upwards  instead  of  downwards. 
The  crown  of  the  tooth  is  situated  below  the  margin  of  the  orbit, 
reaching  above  the  level  of  the  inferior  orbital  foramen.  By  pressure 
it  has  caused  the  absorption  of  part  of  the  outer  face  of  the  superior 
maxilla,  so  that  in  the  diy  skull  it  has  its  outer  enamel  surface  quite 
exposed.  In  the  alveolar  margin  of  the  jaw  there  is  no  corresponding 
socket ;  and  there  is  no  evidence  of  a  retained  milk  canine.  The  four 
functional  teeth,  which  have  been  left  in  the  upper  jaw,  are  stained 
with  betel  nut.  Xo  lower  jaw  came  with  the  specimen,  having  been, 
no  doubt,  disjointed  and  utilized  as  a  bracelet.  The  basi-  and  ex-occipi- 

tal portions  of  the  base  of  the  cranium  have  been  knocked  out,  probably, 
as  Dr.  Keelan,  in  his  letter  accompanying  the  specimen,  remarks,  to 
get  at  the  brain  for  cannibal  purposes.  From  the  serious  wounds 
which  are  to  be  seen  on  the  vault  of  the  skull,  and  on  the  left  temple, 
it  appears  that  the  individual  must  have  required  a  great  deal  of 

killing.  Dr.  Keelan  thinks  it  'a  case  of  death  in  fight  from  tomahawk 
wounds  .  .  .  the  victim  must  have  been  in  flight,  closely  followed. 
The  sliced  wound  was  probably  first  inflicted;  next,  the  deep  one  near 
the  vertex;  the  remainder — apparently  down-cuts — when  the  victim, 
had  fallen  to  the  earth  on  his  right  side.' 

"  In  general  configuration  this  cranium  does  not  difier  much  from 
the  long,  rather  narrow  and  high  Melanesian  type  ;  but  in  certain 
points  there  seem  to  be  considerable  differences — for  instance,  in  the 
nasal  and  orbital  indices,  as  seen  below. 
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"The  principal  measurements  are  : — 

"Circumference,     .......  500mm. 
Length  (ophryon  to  occipital  point),        .         .         .  178  ,, 

Breadth^  (interparietal),         .         .         .         .         .  134  ,, 

Cephalic  Index  =  753,  and  therefore  ml-dolico-cephalic. 

Nasal  height,        ...... 
Nasal  width,         ...... 

48  mm. 22  .. 

Nasal  Index      =  458,  and  therefore  leptorhime. 

Orbital  width,       .         .         .         .         .         ,         ,     37mm. 

Orbital  height,      .         .         •         .         .         .         .     35  ,, 

Orbital  Index    =  946,  and  therefore  megaseme. 

"In  consequence  of  the  absence  of  the  base  of  the  skull,  neither  the 
Capacity,  the  Alveolar  Index,  nor  the  Height  Index,  could  be  accu- 

rately measured.  An  approximate  estimate,  however,  for  the  Height 
Index  would  give  770  as  the  number.  Although  no  attempt  could  be 
made  to  determine  the  Alveolar  Index,  it  is  very  evident  that  the  face 

was  prognathous." 

-  The  inter-temporal  breadth  is  the  same. 
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XCV. — On  the  Moephologt  of  Joints.  (Part  First.)  By  Alex. 
Macalister,  M.D.,  P.E.S.,  Professor  of  Anatomy,  tfniversity  of 
Dublin. 

[Eead,  February  26,  1883.] 

In  most  of  the  systematic  treatises  on  Human  Anatomy  the  descrip- 
tions of  the  articulations  are  usually  defective  and  unsatisfactory. 

The  importance  of  these  structures  from  a  surgical  point  of  view 
caused  the  anatomists  of  the  end  of  the  last  and  early  years  of  this 
century  to  devote  much  care  to  their  investigation,  and  subsequent 
describers  have  for  the  most  part  been  content  to  follow  the  accounts 
of  Weitbrecht,  Bell,  the  Coopers,  Cloquet,  and  their  contemporaries. 

As  a  consequence  of  this,  the  morphological  relations  of  the  struc- 
tures entering  into  the  joints  have  been  largely  disregarded,  and  their 

anatomy  is  described  from  the  strictly  utilitarian,  and  not  from  the 
scientific,  point  of  vioAV. 

The  method  followed  in  the  dissections  of  the  joints  hinders  our 
recognition  of  the  real  nature  of  these  parts.  In  general  all  the 
collateral  parts  are  cut  away  before  the  ligaments  are  considered,  and 
hence  bands  are  often  described  as  substantive  ligaments  which  are 
really  deeper  attachments  of  superficial  parts. 

In  the  course  of  a  careful  series  of  researches,  carried  on  for  the 
purpose  of  Terifying  in  detail  the  materials  accumulated  by  me  for  a 
systematic  treatise  on  Human  Anatomy,  I  have  been  much  impressed 
by  the  unsatisfactoriness  of  the  state  of  our  knowledge  of  the  mor- 

phological anatomy  of  joints,  and  I  shall,  therefore,  in  this  communi- 
cation, and  in  those  that  follow  it,  endeavour  to  contribute  to  the 

clearing  of  some  of  this  obscurity.  Much  of  what  I  shall  have  to 
describe  is,  I  doubt  not,  very  well  known  to  those  engaged  in  practical 
anatomical  work,  but  has  not  hitherto  been  put  on  record. 

I  have  endeavoured  to  determine  the  history  of  the  individual 
joints  by  the  twofold  method  of  embryology  and  ontology,  and  in  this 
Paper  I  desire  to  summarize  some  of  the  general  results  of  my  studies. 

The  embryological  history  of  the  larger  limb- joints  in  man  may  be 
summed  up  thus  : — At  first,  on  the  appearance  of  the  limb,  the  axis  or 
core  thereof  consists  of  undifferentiated  mesoblastic  cells.  In  this  cen- 

tral mesoblast  a  process  of  chondrification  commences  in  the  areas 
wherein  the  several  bones  are  afterwards  to  be.  In  this  state  are  the 

limbs  of  the  smallest  embryo  examined  by  me,  one  of  21  cm.  long.  This 
transfoimation  begins  in  limited,  nearly  central  spots,  and  spreads  until 
it  results  in  the  formation  of  a  discontinuous  chain  of  cartilages  in  the 
axis  of  the  limb,  each  cartilage  corresponding  in  place  to  the  bone  into 
which  it  is  about  to  develop.  The  end  of  each  of  these  is  attached  to 
the  contiguous  end  of  its  neighbour  by  a  mass  of  embryonic  connective 
tissue  Avhich  fills  up  the  interspace,  and  which  is  similar  in  structure 
to  the  primitive  unchondrified  axis,  and  to  the  investing  layer,  which 
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still  remains  surrounding  the  cartilage.  This  intervening  material 
ties  the  cartilages  together,  constituting  a  series  of  syndesmoses,  or 
more  correctly  (for  the  intervening  substance  is  not  ligament),  of 
joints  of  the  type  which  Professor  Hyrtl  has  called  A  gonarthrosis. 

The  ends  of  the  cartilaginous  rods  swell,  and  assume  somewhat  of 
what  is  to  be  their  permanent  shape,  and  in  doing  so  they  grow 
towards  each  other,  in  which  process  the  disks  of  connective  tissue 
intervening  between  the  contiguous  ends  become  thinned  in  the  middle, 
and  finally  they  disappear  in  the  centre,  and  the  cartilages  come  in 
contact  with  each  other,  the  fissure  between  the  two,  where  the  central 

disk  has  disappeared,  being  the  primary  cavity  of  the  joint.  The  con- 
nective disk  still  remains  peripherally,  but  in  most  joints  gradually 

vanishes  from  the  region  between  the  articular  ends,  remaining  as  a 
continuous  girdle  of  connective  tissue  around  the  joint  in  the  form  of 
a  capsular  ligament.  This  becomes  white  fibrous  tissue,  as  does  the 
most  of  the  layer  on  the  surface  of  the  shaft  of  the  cartilage  with 
which  this  is  continuous,  and  which  is  now  perichondrium. 

The  chronology  of  these  changes  is  not  easily  settled.  In  an 

embryo  of  3' 8  centimeters  long  the  central  cavity  has  begun  to  appear. 
In  one  of  5"6  cm.  the  cavities  are  formed  and  the  ligaments  are 
embryonic  fibrillar  tissue ;  in  a  foetus  of  the  thirteenth  week  many 
of  the  permanent  conditions  are  present. 

In  such  joints  as  are  about  to  develop  inter- articular  cartilages, 
the  intervening  embryonic  connective  disks,  instead  of  disappearing, 
solidify,  and  much  later  chondrify,  and  clefts  form  on  both  surfaces 
between  these  as  substantive  elements  and  the  ends  of  the  bones. 

This,  we  shall  see,  is  the  history  of  the  sterno- clavicular  joint.  In 
joints  which  have  partial  disks  like  the  menisci  of  the  knee,  these  are 
derived  from  the  persistence  of  the  later  stage  of  partial  absorption. 

The  hip-joint  in  man  is  developed  earlier  than  the  knee;  the 
shoulder  and  knee  develop  about  the  same  time ;  the  elbow  and  ankle 
are  usually  in  the  same  condition  in  the  same  embryo. 

In  the  joints  of  adults  we  find  that  the  ligaments  are  naturally 
classifiable,  according  to  their  origin,  into  four  groups : — 

1st.  Those  derived  from  the  primitive  capsule  whose  origin  "we 
have  just  traced,  and  which  are  consequently  continuous  with  the 
periosteum.     These  are  the  true  ligaments  of  all  joints. 

2ndly.  Those  derived  from  the  tendons  of  muscles  which  surround 
joints ;  thus  much  of  the  internal  lateral  ligament  of  the  knee  is 
derived  from  material  continuous  with  the  tendon  of  the  adductor 

magnus,  and  much  of  the  posterior  ligament  from  the  semi-mem- 
branosus. 

3rdly.  Those  derived  from  fasciae.  In  the  primitive  development 
of  the  limb  the  bundles  of  muscle  are  surrounded  by  embryonic  con- 

nective tissue,  which,  as  the  muscles  become  specialized,  forms  a 
fibrous  sheath  around  each  :  these  combined  sheaths  uniting,  and  fas- 

tened together  by  the  circular  fibres  developed  in  the  deep  subcutaneous 

and  sub-adipose  layers,  form  the  system  of  limb-fascise  and  intermus- 
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cular  septa.  Where  these  partitions  dip  in  and  come  in  contact  with 
the  capsules  of  joints  they  adhere  thereto,  and  form,  a  series  of  acces- 

sory Ligaments ;  thus  the  pubo-femoral  accessory  ligament  of  the  hip 
is  formed  by  the  pectineal  portion  of  the  fascia  lata,  and  the  sciatic 
ligaments  are  genetically  connected  with  the  inferior  involution  of  the 
glutaeal  fascia. 

4thly.  Those  derived  from  degenerated  muscles.  Of  these,  in  man 
we  have  representatives  in  the  intercostal  expansion  in  front  of  the 
external  intercostal  muscle,  and  in  the  posterior  sacro-coccygeal  liga- 

ment ;  but  in  lower  animals,  as  in  the  horse's  foot,  we  find  a  striking 
example. 

The  articular  cavities  are  primarily  limited  to  the  spaces  between 
the  ends  of  the  bones ;  but,  secondarily,  from  the  formation  of  bursas, 
and  from  the  communication  of  these  with  the  joints,  the  cavity 
becomes  extended.  The  shoulder  and  the  subscapular  bursa  is  an 
opposite  illustration. 

A  special  case  of  such  enlargement  occurs  in  the  knee-joint,  which 
is  peculiar  in  its  development,  as  I  shall  have  opportunity  of  showing  on 
a  future  occasion  when  describing  my  sections.  The  femoral  condyles 
approach  the  tibia,  each  independently,  and  two  independent  cavities  are 
formed,  between  which  a  ridge  of  the  primitive  embryonic  disk  becomes 
transformed  into  fibrillar  tissue,  forming  the  crucial  ligaments ;  while 
the  margins  of  the  original  inter-articular  discs  persist  as  the  menisci. 
The  capsule  originally  flows  around  the  joint  close  to  these,  and  the 
tendons  all  lie  external  thereto.  In  the  quadriceps  tendon  a  sesamoid 
cartilage  develops  (the  patella),  between  which  and  the  front  of  the 
capsule  there  forms  a  large  bursal  cavity,  under  which  the  front  wall 
of  the  proper  capsule  becomes  deficient,  its  shreds  persisting  as  the 
mucous  ligament,  and  the  alar  ligaments,  and  the  Haversian  pellet  of 
fat.  In  many  animals  the  tendon  of  the  extensor  digitorum  arising 
from  the  femur  passes  down  in  front  of  the  joint  under  the  quadriceps. 
In  the  frog  this  is  in  front  of  the  anterior  wall  of  the  capsule ;  but  in 
lizards  the  wall  is  deficient  behind  it,  and  so  it  passes  free  through 
the  joint,  as  it  does  in  so  many  other  animals. 

In  the  second  part  of  this  Paper  I  purpose  entering  into  detailed 
descriptions  of  the  histories  of  the  individual  articulations. 
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XCYI. — Repoei  on  the  Eis'tomology  of  ceetain  Disieicts  ts  Ulstee. 

By  W.  F.  De  V.  ElAjfE,  M.  A. 

[Read,  February  26,  1883.] 

The  problems  presented  by  the  distribution  of  the  Entomological 
Eauna  of  the  British  Islands  are  not  less  interesting  than  the  similar 

ones  "which  have  engaged  the  attention  of  scientific  botanists  ;  but 
owing  to  the  neglect  of  the  former  study  in  Ireland,  researches  that 

should  have  proceeded  hand  in  hand,  and  thi'own  mutual  light  on  each 
other,  have  been  almost  exclusively  carried  on  by  students  of  the  latter 

branch  of  JS'atui'al  History. It  is  time  that  no  certain  conclusion  can  be  drawn  from  the  occur- 

rence in  this  country  of  such  insects  as  are  capable  of  swift  or  long- 
sustained  flight,  as  necessarily  indicating  a  former  connexion  by  land 
with  Great  Britain  or  France,  such  as  Geological  evidences  point  to.  But 
among  the  order  of  Heterocera  (or  moths)  are  numbers  whose  females 
could  not  have  flown  across  the  Channel,  some  of  them  being  apterous, 

and  others  of  very  feeble  powers  of  flight,  or  with  very  local  or  slug- 
gish habits. 

The  unaccountable  ill  success,  moreover,  which  has  hitherto  attended 
the  efforts  of  many  of  our  best  Entomologists  to  introduce  new  species 
perfectly  suitable,  in  every  respect,  to  new  habitats  where  their  food- 
plant  naturally  abounds,  deepens  the  obscurity  of  the  problem. 

Some  able  Papers  comparing  the  Irish  with  the  Scotch  Entomolo- 
gical fauna  (striking  similarities  between  some  of  which  were  indi- 
cated by  llr.  Birchall)  have  been  written  by  Dr.  Buchanan  White,  of 

Perth ;  but  they  deal  with  Diurnal  Lepidoptera  exclusively,  which, 
although  our  prevailing  strong  winds  are  from  the  S.  W.,  may  many 
of  them  be  credited  with  having  crossed  the  Channel  by  flight. 

Since,  therefore,  careful  and  systematic  investigations  of  our  really 
indigenous  Lepidoptera  may  lead  to  very  interesting  conclusions,  I 
venture  to  suggest  some  directions  in  which  Irish  Entomologists  might 
well  labour,  so  that  reliable  data  may  be  available  for  scientific  in- 

quiry. 
In  the  first  place  it  is,  above  all,  necessary  that  the  Catalogue  of 

Irish  Lepidoptera,  compiled  by  the  Rev.  Joseph  Greene,  and  subse- 
quently largely  added  to  by  llr.  Birchall,  should  be  thoroughly  re- 

vised, so  that  no  name  may  appear  of  any  species,  the  capture  and 
locality  of  which  has  not  been  vouched  for  either  by  one  of  these 
gentlemen,  or  some  other  competent  and  reliable  Entomologist. 

In  the  second  place,  it  would  be  most  advisable  that  fresh  ground 
should  be  worked,  for  hitherto  collectors  have  confined  their  attention 
almost  exclusively  to  Killarney,  the  counties  of  Dublin  and  Wicklow, 
and  parts  of  Wcstmeath,  Galway,  and  Mayo. 
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Thus  the  long  reaches  of  sand-hills  or  rocky  shores  around  our 
coasts,  luxuriant  with  every  sort  of  maritime  plant,  and  exposed  to 
various  aspects  and  climatic  conditions,  have  for  the  most  part  yet  to 
be  explored.  Our  vast  bogs,  and  numerous  lake  and  river  margins, 
though  as  yet  undisturbed  by  the  intrusion,  as  in  the  sister  island,  of 
populous  towns  and  manufacturing  settlements,  have,  strange  to  say, 

contributed  a  more  meagi'e  list  of  marsh  insects  than  any  one  of  the 
English  fen  districts.  And  although  the  woodlands  of  Killarney  and 
Powerscourt  have  yielded  surprising  results  to  Mr.  Birchall  and 
others,  yet  we  may  reasonably  hope  for  numerous  fresh  discoveries  in 
like  districts  elsewhere  in  Ireland.  For  although  we  have  no  such 

treasury  of  Natural  History  as  the  'Bbw  Forest  in  Hampshire,  yet  we should  not  forget  that  this  country  was  far  more  recently  than  Eng- 
land clothed  with  dense  forests  and  wild  scrub-lands,  large  tracts  of 

which  survived  as  late  as  the  year  1700. 

"We  may,  therefore,  reasonably  expect  to  find,  wherever  traces  of 
any  such  forest  lands  still  exist,  the  relics  of  a  formerly  abundant  en- 

tomological fauna. 
The  objection  usually  urged,  that  the  damp  climate  of  this  country 

is  prejudicial  to  the  multiplication  of  Lepidoptera,  J.s  only  valid  as 
regards  the  sun-loving  diurnal  Rhopalocera,  which  swarm  even  in  sub- 

arctic regions,  however  cold  and  long  the  winter,  provided  only  the 
summer  is  brilliant  with  sunshine.  My  report  deals  with  the  Macro- 
Lepidoptera  observed  in  two  districts  where  portions  of  old  forest  still 
survive ;  but  as  these  remnants  are  yearly  disappearing,  or  being  re- 

planted by  more  profitable  species  of  timber,  I  propose,  if  the  subject 
is  thought  worthy  of  the  attention  of  the  Academy,  to  indicate  in  a 
future  Paper  some  localities  of  a  like  nature  which  still  exist  in  each 
province  of  Ireland,  and  which  might,  if  examined,  contribute  new 
botanic  and  entomological  discoveries.  I  shall  now  pass  on  to  give 
an  account  of  the  places  explored,  but  cannot  help  referring  to  the 
loss  I  sustained  in  being  deprived  by  the  hand  of  death  of  the  assist- 

ance of  the  accomplished  young  student  of  JS'atural  History  with  whom I  was  to  have  been  associated  ;  namely,  the  late  E.  W.  Sinclair.  I 
had  but  just  sketched  out  the  plan  of  our  proposed  operations  when  a 
fatal  illness  hurried  him  to  the  grave,  followed  by  the  hearty  regrets 
of  all  his  friends  and  acquaintances.  These  furnished  an  eloquent 
testimony  to  his  worth  and  promise.  He  left  but  scanty  entomolo- 

gical memoranda,  so  that  much  of  his  experience  is  lost. 
It  seems  regrettable  that  no  Society  exists  in  this  University  City, 

as  elsewhere,  which  would  gather  together  lovers  of  J^Tatural  History 
such  as  he,  record  their  researches,  and  through  its  members  diffuse 
throughout  the  country  an  interest  in  these  humanizing  studies. 

The  districts  I  examined  lie  in  Ulster,  which  being  for  the  most 
part  devoid  of  woods,  and  devoted  chiefly  to  tillage,  has  hitherto 
proved  the  most  unfruitful  province  to  the  Entomologist.  Although 
my  labours  were  not  ill  rewarded,  as  the  appended  list  of  225  species 
will  show,  yet  it  was   unfortunate  that  the  past   season  has  been 
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throughout  the  United  Kingdom  the  most  barren  of  entomological  re- 
sults that  has  occurred  for  many  years. 

The  preceding  winter  having  been  exceptionally  mild,  while  the 
summer  of  1880  (which  proved  exceedingly  prolific  of  Lepidoptera) 
succeeded  an  intensely  cold  winter,  furnished  a  problem  for  Naturalists 
which  attracted  considerable  attention.  A  careful  analysis  of  reports 
and  observations  from  various  parts  of  Great  Britain,  coupled  with  my 
own  experience,  has  led  me  to  the  conclusion  that  the  scarcity  has 
been  most  marked  in  such  species  as  have  arborivorous  larvse,  and  (in 
certain  exposed  localities)  among  those  whose  food-plant,  though  low- 
growing,  is  fragile,  and  easily  destroyed  by  wind.  I,  therefore,  con- 

clude that  the  storms  of  the  summer  and  autumn  of  1881  must  have 

shaken  many  tree-feeding  larvae  from  their  food,  and  in  certain  situa- 
tions destroyed  the  foliage  of  many  herbaceous  plants,  especially  on 

the  sea-coast.  The  mild  winter,  no  doubt,  was  a  factor  in  the  problem, 
for  in  such  weather  slugs,  woodlice,  and  beetles,  are  more  active  in 
their  ravages  upon  such  pupse  as  are  not  protected  by  a  stout  cocoon, 
or  deeply  buried  beneath  the  soil ;  while  on  the  other  hand  neither 
ova  nor  pupae  have  their  vitality  at  all  affected  by  intense  frost. 
My  researches  were  commenced  in  March  last  at  Favour  Royal,  the 
seat  of  the  Eev.  J.  J.  Moutray.  This  demesne,  situate  on  the  border 
of  the  county  Tyrone,  was  formerly  part  of  a  thick  covert  of  oak, 
birch,  ash,  alder,  and  elm,  of  some  four  or  five  miles  in  length,  which 
is  marked  as  a  wood  in  some  maps  of  the  17th  century.  Its  original 
extent  can  be  pretty  clearly  traced  in  the  designations  of  the  town- 
lands  about,  some  thirty  of  which  commence  with  the  prefix  of 

"  Derry,"  or  "  Killy."  Of  this  stretch  of  woodland,  to  which,  doubt- 
less, the  old  Irish  air  •' '  The  green  woods  of  Truagh  "  refers,  portions  con- 

sisting of  about  220  acres  are  still  preserved  in  the  demesne  of  Favour 
Eoyal  and  the  contiguous  woods  of  Grallagh,  Creaghan,  and  Lismore ; 
while  the  Deer-park  encloses  about  180  acres  of  wild  land,  sparcely  tim- 

bered with  oak,  birch,  and  alder.  The  oak  and  ash  now  standing  of 
these  woods  are  saplings  sprung  from  stools  of  trees  felled  a  century 
or  more  ago,  while  birch  and  alder  spring  up  thickly  in  every  clear- 

ing ;  and  holly,  hazle,  and  blackthorn  furnish  a  dense  undergrowth 
throughout. 

These  thickets,  invested  with  the  glamour  of  a  hoar  antiquity,  are 

supposed  still  to  be  the  haunt  of  the  "  Loghrie-man  "  or  "Lepre- 
chaun," whose  wizened  face  peering  out  from  a  mossy  stump  is  said 

sometimes  to  startle  the  lonely  scollop-cutter  as  he  bends  to  his  task 
in  the  gloom  of  the  wood  ;  and  also  of  an  unseen  sprite,  whose  atten- 

dant foot-fall,  stirring  the  dead  leaves  in  the  autumn  gloaming,  is  wont 
to  mock  his  homeward  steps.  About  a  mile  and  a-half  away  is  a  wild 
glen  called  Altadiawol,  often  referred  to  by  Carleton  in  his  Traits 
and  Stories  of  the  Irish  Peasantry.  This  glen  runs  up  into  the  spurs 
of  the  Slieve  Beagh  hills,  and  is  clothed  with  thick  scrub,  while  birch, 

oak,  ash,  and  alder,  straggle  up  the  slopes,  and  hang  from  the  precipi- 
tous heights  on  either  hand. 
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To  this,  though,  a  promising  locality,  I  was  unable  to  devote  much 
time ;  for,  owing  to  the  unsettled  state  of  the  country,  I  found  my 
nocturnal  rambles  there  were  generally  superintended  by  two  stalwart 
members  of  the  Royal  Irish  Constabulary. 

Enthusiasm  in  so  peaceful  a  pursuit  as  mine  is  somewhat  chilled 
by  such  ominous  concomitants. 

Thrice  in  the  year  I  spent  a  week  or  a  fortnight  in  that  neighbour- 
hood, proceeding  from  thence  to  Lough  Oughter,  where,  by  the  kind 

permission  of  Lord  Earnham,  I  was  lodged  in  a  "cottage  ornee  "  on 
the  promontory  of  Killykeen  (beautiful  wood),  an  appellation  it  well 
merits.  The  shores  and  islands  of  this  lake  are  still  partly  clothed 
with  remnants  of  the  ancient  woods  which  have  given  them  in  many 
cases  their  names. 

The  same  descriptions  of  timber  are  found  here  as  at  Eavour  Eoyal, 
while  the  underwood  is  a  dense  thicket  of  hazle.  Not  only  were  the 
shores  of  Lough  Oughter  anciently  wooded,  but  the  west  bank  of  the 
river  Erne,  down  to  its  junction  with  the  upper  lake  of  that  name,  is 
marked  in  the  old  maps  as  having  been  a  forest. 

In  this  district  I  was  fortunate  enough  to  secure  a  large  variety  of 
species  in  the  early  season,  some  in  great  numbers,  and  others  of  much 
rarity.  The  later  season  I  devoted  to  the  examination  of  the  neigh- 

bouring demesne  of  Earnham,  which,  from  its  extent  and  the  magni- 
jB.cence  of  its  timber,  promised  remarkable  results. 

But  from  the  reasons  above  alluded  to,  aided  by  inclement  weather, 
I  took  very  few  species  of  any  kind  there,  even  Scopelosomia  satellitia 
being  conspicuous  by  its  absence,  and  only  a  single  specimen  of  Agrio- 
pis  aprilina  occurred,  in  a  demesne  full  of  magnificent  oak  ! 

Erom  both  localities,  however,  I  have  hopes  of  future  additional 
results  from  my  visits,  as  I  have  furnished  apparatus  to  very  intelligent 
persons,  who  are  instructed  in  their  use. 

The  manor  of  "  Earnane,"  as  it  is  designated  in  the  Down  Survey, 
i.e.  "  the  place  of  alders,"  was  acquired  by  an  ancestor  of  the  present 
earl  some  230  years  ago,  when  the  extensive  beech  woods,  now  of 
colossal  size,  were  most  likely  planted,  and  are  said  to  have  been  the 
first  introduced  into  Ireland.  It  is  probable  that  some  of  the  great 
oaks  may  date  beyond  that  period,  and  be  survivals  of  ancient  woods 
which  formerly  clothed  part  of  that  country. 

These  two  localities  are  very  similar  in  their  geological  and  bota- 
nical features,  but  differ  somewhat  in  elevation,  the  Eavour  Royal 

district  averaging  about  300  ft.,  while  L.  Oughter  is  160  ft.  above 
the  sea  level  at  low-water.  The  former  is  situated  at  the  tongue  of 
the  Tyrone  coal  measures,  just  at  the  junction  of  the  Carboniferous 
and  Old  Sandstone  series ;  while  the  latter,  Earnham,  forms  part  of  the 
central  Limestone  plain  of  Ireland.  Though  separated  by  about  twenty- 
five  miles  of  country,  very  bare  of  trees,  the  accordance  of  their  en- 

tomological fauna  is  remarkable,  as  a  glance  at  the  list  will  show,  and 
this  would,  doubtless,  be  more  evidenced  by  further  careful  research, 
and  would  seem  to  indicate  a  formerly  widespread  distribution,  several 
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of  the  species  not  having  been  hitherto  met  \vith  nearer  than  Kil- 
larney  or  Wicklow. 

The  follo-ndng  are  some  of  my  most  interesting  captures,  many 
of  them  having  been  recorded  only  once  before  in  Ireland,  and  the 
first  three  are  quite  new  to  our  list. 

(F.  E.,  Favour  Royal ;  F.,  Farnliam)  : — 

Hypsipetes  ruberata,  F.  E. 
Emmelesia  affinitata,  P.  R.  and  F. 
Acentropus  niveus  (Pyralidse),  P. 
Hypsipetes  impluviata,  F.  E,.  and  F. 
J^umeria  pulveraria,  ,,         ,, 
Lobophora  hexapterata,     ,,         ,, 
Lobophora  viretata,  F. 
Lobophora  lobulata,  F.  E,. 
Ptilodontis  palpina,  F. 
Cymatophora  duplaris,  F.  E.  and  F. 
Cymatophora  or,  F. 
Xylophasia  hepatica,  F. 
Taeniocampa  gracilis,  F.  E. 

Biston  hirtaria,  F.  '        ■ 
Xola  cristulalis,  F.  E. 

INIiana  arcuosa,  F.  E.  and  F.,  and  several  othei's. 

The  specimens  taken  quite  confirm  the  observation  of  ITr.  Birchall, 
that  our  Irish  Heterocera  are  frequently  characterized  by  more  strik- 

ing pencilling  and  brighter  colouring  than  those  of  England.  "WTiether this  proceeds  from  insular  variation,  or  heredity,  is  a  question  which 
the  formation  of  a  good  Irish  collection  might  cast  some  light  upon. 
And  it  appears  to  me  that  a  comparison  of  a  good  series  of  our  insects, 
which  have  apterous  females,  with  those  of  the  Continent  would  afford 
some  approximation  to  a  test  of  variation  ;  seeing  that  their  introduc- 

tion hither  must,  with  little  doubt,  have  taken  place  at  an  enormously 
remote  period. 

Among  the  sun-loving  Ehopalocera,  southern  latitudes  or  warm 
situations  produce  brighter  colouration,  and  as  we  approach  sub-arctic 
regions  or  higher  mountain  altitudes  paler  colours  and  blurred  delinea- 

tion characterize  the  specimens.  With  the  Heterocera,  however,  the 
contrary,  to  a  certain  extent,  seems  to  obtain.  Some  variations  of 

interest  occurred  at  both  localities.  The  variety  "combusta"  of 
Xylophasia  rurea  was  somewhat  abundant ;  and  at  Farnham  I  took 
two  specimens  of  the  ab.  Gallicus  (Lederer)  of  Hepialus  velleda.  The 
type  of  Melanippe  montanata,  taken  in  Shetland  (var.  Hethlandica), 
seems  identical  with  some  taken  at  Farnham. 
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A  LIST  OF  LEPIDOPTEEA, 

Taken  during  the  year  1882,  at  Farnham  and  its  neighbourlxood,  County 

Cavan  ;  and  the  District  about  Favour  Royal,  County  Tyrone. 

Abbeeyiations  t'SED  : — F.,  Farnham  ;  F.  E.,  Favour  Itoyal  (where  no  locality 
is  appended,  the  iosect  has  been  taken  at  both  places)  :  ab.,  abundant ;  v.  ab., 

very  abundant.    

Dixmia. 

Pieris  hrassicce. 

P.  rapce. 
P.  napi. 
Anthocaris  cardamines,  \.  ab. 
Argynnis  paphia,  ab. 
Vanessa  urticcB,  ab. 
V.  atalanta,  F.  E,. 
V.  cardui,  F.  E. 

Satyrus  {Pyrarga)  cegeria,  v.  ab. 
S.  {Pyrarga)  megcera. 
Fpinephile  janira. 
E.  hyperanthus. 
CcRnonympha  pamphilus. 
Lycmna  icarus  {alexis). 
L.  argiolus,  ab.,  F.  R, 

Sphingid^. 

Charocampa  elpenor. 
Macroglossa  stellatarum. 

Maeroglossa  lombyliformis,  F.  E., 
locally  ab. 

NOCTUKNI. 

Hepialus  velleda. 
S.  velleda,  ab.,  gallicus  {Dr.) 
S.  humuli. 

Procris  {Dio)  statices,  F.E.,  locally 
ab. 

Zygmna  Jilipendula. 
Nola  cristulalis,  F.  E. 

Nudaria  mundana,  F. 
Euchelia  Jacob (B,  v.  ab. 
Chelonia  caja,  ab. 
Arctia  lubricipeda, 
A.  menthrasti. 
Bemas  coryli. 

Pc&cilocampa  populi,  F.  E. 

Geometili:. 

Zfrapteryx  sambucata,  F. 
Epione  apiciaria. 
Rumia  cratmgata,  ab. 
Metrocampa  margaritata. 
Selene  illunaria,  v.  ab. 
Odontopera  bidentata,  v.  ab. 
Crocallis  elinguaria,  F.  E. 
Himera  pennaria,  ab. 

Piston  hirtaria,  F. 
Boarmia  repandata. 
Tephrosia  crepuscularia. 
T.  biundularia. 
Pseudoterpna  cytisaria. 
Oeometra  papilionaria. 
lodis  lactearia,  not  scarce. 
Acidalia  scutulata,  ab. 



790 Proceedings  of  the  Royal  Irish  Academy. 

A.  Msetata,  locally  ab. 
Cabera  immria,  v.  ab. 
C.  exanthemaria,  v.  ab. 
Strenia  clatJirata,  P.  E. 
Numeria  pidvelaria. 
Fidonia  carionaria,  F.  E. 
F.  atomaria,  F.  E. 
Ahraxis  grossulariata. 
Lomaspilis  marginata,    F.   ab.   at 

F.  E. 

Syhernia  aurantiaria,  F.  E. 
Anisopteryx  (escidaria,  ab. 
Chimatobia  horecda,  ab. 
Oporahia  dilutata,  ab. 
Larentia  cmsiata,  F.  E. 
Fmmehsia  affinitata. 
Em.  alhidata,  ab. 
Fupithecia  alhreviata,  F.  E. 
F.  satyrata,  F.  E. 

.£'.  suhiotata,  F.  E. 
^.  vidyata. 
F.  tenuiata. 

F.  exiguata,  F.  E. 
Lolophora  liexapterata. 
L.  viretata,  F. 
L.  lobidata. 

Thera  simulata,  F.  E. 

Sypsipetes  ruberata,  F.  E. 
S.  eliitata,  ab. 
IfelantMa  rid)iginata,  ab. 
J/",  sultristata,  ab. 
-2/".  montanata,  v.  ab. 
J/",  galiata. 

M.  fluchiata. 
Antidea  ladiata,  ab. 
^.  derivata,  F.  E. 
Coremia  propugnata,  F.  E. 
C  ferriigata,  ab. 
C  unidentaria. 

Cami)togramma  hilineata,  ab. 
Phibalapteryx  lignata. 
Cidaria  pnttacaia,  not  scarce. 
C.  corylata. 
C.  russata,  ab. 
C  immanata,  v.  ab. 

C.  suffumata. 
C.  silaceata,  F.  E.,  ab.  at  F. 
(7.  testata,  F. 

C.  populata,  F.  E. 
Pelurga  comitata. 
Euholia  mensuraria. 

Anaitis  plagiata. 

Platypteryxlacertulcij'F.'R,  |  Platypteryxfalcida,'F.^. 
PSEUDO  EOMBYCES. 

Dicranura  bifida,  F.  |  Ptilodontis  palpina,  F. 

Is'ociu^. 

Thyatira  derasa. 
T.  batis,  F.  E.,  v.  ab.  at  F. 
Cymatophora  duplaris. 
Gym.  or,  F. 
Acronyctia  psi. 
A.  rumicis. 
Leucania  comma, 

L.  impura,  ab. 
L.  pallens,  ab. 
Nonagria  fulva. 
JSydrcBcia  nictitans,  ab. 
H.  micacea,  ab.  . 

Xfylophana  rurea,  \.  ab. 
Yar.  combusta,  not  rare  at  F. 

X.  lithoxylea. 
X.  siiblustris,  F.  E. 

X.  polyodon,  ab. 
X.  hepatica,  not  rare  at  F. 
Char  mas  graminis,  ab. 
Luperina  testacea,  F. 
Mamestra  brassicce. 

Apamea  basilinea,  r.  ab. 
-4.  gemina,  ab. 
A.  fibrosa,  not  scarce. 
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A.  oculea,  ab. 
Miana  strigilis,  ab. 
M.  fasciuncula,  F.  E. 
M.  arcxiosa,  P, 
Grammesia  trilinea,  ab.  at  F. 
Caradrina  hlajida,  F. 
C.  cubicularis,  y.  ab. 
Agrotis  siiffusa,  F.  E. 
A.  exelamationis,  ab. 
Triphcena  janthina,  F . 
71  orlona. 

T.  promiba,  ab. 
Noctua  augur,  F.  E. 

iV^.  plecta,  ab. 
JV^.  c-nigrum,  F.  E. 
iV.  triangulum,  F. 
iV.  hrunnea,  F. 
iY.  /es^iv«(,  F.  E. 
i\r  rf«A?eV,  F.  E. 

iV".  rwSe,  ab. 
N.  haja,  F. 
iV.  xanthographa. 
Toeniocampci  gothica,  v.  ab. 
T.  ruhricosa,  F. 

:Z'.  instahilis,  ab. 
:Z'.  stahilis,  ab. 
T.  gracilis,  F.  E. 

J",  niunda,  F.  E. 
Orthosia  lota,  ab. 
0.  macilenta,  v.  ab. 

Rivula  sericealis,  F. 

Aglossa  pinguinalis. 
Pyrausta  purpuralis. 
P.  ostrinalis,  F.  E. 
JECerhula  cespitalis. 
Cataclysta  lemnalis,  F. 
Paraponyx  stratiotalis,  F. 
Hydrocampa  nijmphealis,  F. 
Ace7itropus  niveus,  F. 

Or  ambus  pratelkis,  F.  E. 
C  dumetellus,  F.  E. 

Anchocelis  lunosa,  ab. 
Cerastis  vaecinii. 

C.  spadicea. 
Scopelosoma  satellitia. 
Xanthia  silayo,  F.  E. 
X.  ferruginea,  ab. 
Dianthcecia  cuciibali,  F.  ab. 

Miselia  oxyacantlim,  ab. 

Agriopis  aprilina,  F. 
Phlogophora  meticuhsa,  ab. 
Eiiplexia  lucipara. 
Aplecta  lierlida,  not  scarce. ^.  nelulosa,  ,, 
Sadena  adiista. 
S.  dentina. 
S.  oleracea,  ab. 

^.  thalassina,  ab. 

Xylocampa  lithori%a,  F.  E. 
Calocampa  vetusta,  F.  E. 
X.ylina  rhi%olitha  F. 
X  petrificata,  F.  E. 
Ahrostola  tripla&ia  F. 
Plusia  cJirysitis. 
P.  gamma,  ab. 
Gonoptera  lihatrix,  v.  ab. 
AmpMpyra  tragopogonis,  F.  E. 
JEvididia  mi,  F.  E. 

Deltoids. 

I  Serminia  cribralis. 

PXEALIDES. 

Botys  fusealis. 
JB.  terrealis,  F.  E. 
Pionea  forficalis,  F. 
P.  stramentalis,  F. 
Scopxda  olivalis,  F. 
/S'.  primalis,  F. 
Scoparia  amligualis. 

Cbambites. 

Cramhm  tristellus,  F, 
C  Jwrttiellm,  F.  E. 
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TORTBICES. 

Tortrix  ministrana,  F.  E. 
Teras  caudana,  F.  E. 
Argyrotoxa  conwayana,  F,  E. 
Sericoris  urticana. 

Orthotania  anfiquana,  'F. 
Cnephasta  politana,  \  -p  -p 

,,         lepidana,  ) 
C.  musculana,  F.  E. 

Ephippiphora,  himamlana,  F.  E. 
E.  trigeminana,  F.  E. 
Semasia  rujillana.  F.  E. 
Catoptria  uUcetana,  F  .E. 
Xanthosetia  %oegana,  F.E. 
Argyrolepia  haumanniana,  F.  E. 
Conohylis  alternana,  F. 

Pterophorus  ochrodactylus,  F. 
P^.  plagiodactylus,  F. 

Pteeophoei. 

Pterophorus  monodactylus,  F. 
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XCVII.   SUSGESTIONS    OK    THE    DEVELOPMENT    OF    THE   CyCIIC    LaAV    OF 

THE  Chemicai  Elements.     By  Thomas  Batlet,  Assoc.  K.C.Sc.I. 
(Plate  XXI.) 

[Eead,  February  26,  1883.] 

In  a  paper  published  in  the  Philosophical  Magazine,  Jan.,  1882,  in 
discussing  the  law,  originated  by  JSCewlands,  and  called  by  him  the  law 
of  octaves,  and  subsequently  developed  by  Mendelejeff  and  L.  Meyer 

under  the  name  of  the  periodic  law,  the  author  pointed  out  that  ''  the 
increments  of  atomic  weight  which,  starting  from  hydrogen,  succes- 

sively give  the  points  where  the  atomic  volume  is  a  minimum  are 
members  of  the  geometric  series  (see  note,  p.  795) : 

a,    a  y.  h,    a  x  h^,    a  x  h^  .  .  .  a  x  h^, 

where  a  =  10,  and  i  ~  — ." 6 

In  the  same  Paper  it  was  shown  that  the  colour  properties  of  the 
elements  when  associated  as  bases  with  colourless  acids  are  periodic,  the 
metals  in  the  first  and  second  cycles  forming  no  coloured  solutions,  and 
in  succeeding  cycles  those  metals  only  forming  coloured  solutions  which 
occupy  the  region  of  low  atomic  volume.  In  accordance  with  this  fact, 
it  was  argued  that  uranium,  which  is  a  metal  having  strongly  coloured 
solutions,  a  high  melting  point,  and  great  density,  must  occupy  the 
mediate  position  in  a  cycle,  and  the  atomic  weight,  180,  was  suggested 
as  probable  because  agreeing  with  these  conditions.  Since  the  Paper 
was  written,  however,  investigation  of  the  density  of  uranium  tetra- 

chloride and  tetrabromide  by  Zimmennann  has  shown  that  the  atomic 
weight  of  uranium  cannot  be  less  than  240,  and  other  researches — that 
of  Setterberg  on  caesium  and  that  of  I^ilson  on  thorinum  in  particular 

— have  afforded  material  for  the  further  development  of  the  cyclic  law. 
The  successive  terms  of  the  geometric  series 

«,    a  X  h,    ax  h^,    a  x  h^  .  .  .  a  x  5,„ 

where  «5  =  10  and  i  =  -r-,  are 6 

10,  16-6,    27-5,    45-7,    75-9,     126-0, 

and  the  atomic  weights  are 

11,  27-6,    55-1,     100-8,     176-7,    302-7. 

It  is  therefore  probable  that  the  sixth  cycle  attains  to  its  minimum 
of  atomic  volume  in  the  neighbourhood  of  the  atomic  weight  300.  The 
progression  of  atomic  weight  in  the  first  two  cycles  is  1 G,  and  in  the 

second  and  third  approximately  Ihi-ee  times  sixteen,  or  46-4  and  47-5 
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respectively.  Assuming  that  a  similar  simple  ratio  holds  good  in  the 
progressions  of  atomic  weight  that  constitute  the  cycles  higher  than 
the  fourth,  the  progression  from  caesium  to  the  element  at  the  head  of 
the  sixth  cycle  is  probably  six  times  sixteen,  or  about  96,  which  makes 
the  atomic  weight  of  this  element  about  226.  We  may,  therefore, 
anticipate  the  future  discovery  of  an  alkali  metal  having  approximately 

this  atomic  weight.  Such  an  element  would  have  a  density  of  2"5  or 
thereabouts,  and  a  corresponding  atomic  volume  of  about  90.  Its 
melting  point  would  be  low,  and  its  chemical  affinities  intense,  and, 
as  is  the  case  with  caesium,  the  metal  probably  would  not  be  reduced 
by  ignition  of  the  carbonate  to  whiteness  with  charcoal.  Grranting  the 
existence  of  this  element  and  of  a  halogen  analogous  to  iodine,  the  fifth 
cycle  is  terminated,  and  thorinum  and  uranium  form  part  of  the  sixth. 
This  implies  the  existence  of  an  alkaline  earth  metal  with  atomic 
weight  about  230,  and  of  an  earth  metal  analogous  to  Sc  and  Tt  to 
precede  thorinum.     Thus : 

Eb, 
Cs, 

Alkali  metal. 

Sr, Ba, 

Alkaline  earth  metal. 

Tt, 

— Earth  metal. 

Zr, 

— Th. 

Thorinum  and  uranium  thus  come  within  the  earth  region  of  the  sixth 
cycle,  and  the  coloured  solutions  of  uranium  are  normal  phenomena 
falling  under  the  law  of  atomic  volume. 

The  platinoid  metals  of  the  sixth  cycle  probably  closely  resemble 
their  atom  analogues  of  the  fifth,  and  also  have  close  lateral  affinities 
with  each  other.  Judging  by  analogy,  we  may  expect  to  find  these 
higher  platinoid  metals  associated  in  small  quantities  with  their  lower 
atom  analogues,  and  to  experience  considerable  difficulty  in  separating 
them  from  the  latter.  Their  unsuspected  presence  in  iridium  and 
osmium  may  possibly  account  for  the  upward  displacement  of  these 
metals  in  the  fifth  cycle.  In  the  same  way  the  presence  of  a  higher 
atom  analogue  of  tellurium  (atomic  weight  about  214)  may  account  for 
the  distortion  of  the  fourth  cycle  by  this  element. 

Brauner  has  recently  examined  the  oxides  of  the  metals  lanthanum, 
cerium,  and  didymium,  and  has  assigned  to  these  elements  the  positions 
in  the  fifth  cycle  respectively  analogous  to  the  elements  yttrium,  zir- 
conum,  and  niobium  in  the  fourth.  That  this  is  the  true  sequence  and 
atom  analogy  of  the  cerite  metals  now  admits  of  little  doubt,  but,  at 
the  same  time,  the  progression  from  yttrium  to  niobium  constitutes  a 
far  larger  portion  of  the  fourth  cycle  than  the  progression  from  cerium 
to  didymium  does  of  the  fifth.  The  cerite  metals  all  occupy  the  earth 
position  in  the  fiith  cycle,  and  in  their  general  properties  are  elements 
of  the  pure  earth  type,  and,  as  such,  strictly  analogous  to  aluminum ; 

and  facts  thus  justify  L.  Meyer's  conception  that  all  three  are  ana- 
logues of  the  earth  elements.  They  may  be  said  to  be  cycle  analogues 

of  aluminium ;  and  the  series  analogues  of  yttrium,  zirconium,  and 
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niobium  respectively,  as  shown  by  Brauner,  by  tbe  study  of  their  oxides 
and  other  compounds  and  the  sequence  of  their  atomic  weights. 

The  space  between  didymium  and  the  platinum  group,  occupied 
with  certainty  according  to  our  present  knowledge  only  by  tantalum 
and  tungsten,  is  still  a  terra  incognita  requiring  exploration.  Erbium 
may  be  a  member  of  a  second  series  in  the  cycle,  and  tantalum  and 
tungsten  higher  members  of  the  same  period.  The  determination  of 
the  specific  heat  of  erbium  and  its  associates,  or,  failing  this,  of  the 
densities  of  some  of  their  most  volatile  compounds,  would  be,  at  the 
present  time,  an  important  increment  of  chemical  knowledge,  as  throw- 

ing light  upon  the  constitution  of  the  fifth  and,  by  analogy,  the  sixth 
cycles. 

If  this  second  period  exists,  and  fills  up  the  gap  between  the  cerite 
and  platinum  groups,  the  fifth  and  sixth  cycles  probably  contain  three 
primary  septenary  series,  and  the  comparison  of  dimensions  between 
the  various  successive  cycles  is  as  follows  : — 

Terms  of  the  geometric  series  a,  a  x  h,  a  xlP'  .  .  .  ay.  h^ — 
1  A       10  0      i  0.^  O.       10  0  0  0       10  0  0  0  0 
^^1         6J         36;         216>         1296- 

The  progression  between  successive  alkali  metals — 

16,  16,  3  X  16,  3  X  16,  6  x  16,  (6  x  16). 

The  number  of  primary  septenary  series  in  the  cycle — 

1,  1,  2,  2,  (3),  (3). 

The  diagram  on  Plate  XXI.  shows  the  dimensions  of  the  fifth  and 
sixth  cycles  in  accordance  with  the  suggestions  made  in  this  Paper. 
The  curves  of  the  lower  series  are  the  curves  of  atomic  volume,  and 
the  curves  of  the  upper  series  show  the  melting  points  of  the  elements. 

Note  added  in  Press. — This  rule  is  only  an  approximation.  Strictly  speak- 
ing, the  increments  of  atomic  weight  which  give  the  positions  of  lowest  atomic 

volume  are  alternately  equal  to  the  lateral  dimensions  of  a  pair  of  equal  cycles 
and  to  the  mean  lateral  dimensions  of  a  pair  of  adjacent  unequal  cycles. 
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PLATE  1. 

Illitstuative  .op  a  Papee  by  Mr.  John  Blackwall  and  Rev.  0.  P, 

Cambetdge  "On  a  List  op  Spiders  Captitred  in  the  Seychelles 

Islands  by  Professor  E.  Perceval  Weight." 

Fide  Proceedings  R.  I.  Acad.,  Vol.  3,  Ser.  2,  p.  1. 

Fig.   1.  Salticm    Wrightii.    EL,   ?.      \a,    profile,    without  legs;    \b, 

genital  aperture. 

2.  ,,        acutus.  Bl.,  $.    la,  profile,  without  legs  ;  2b,  genital 

aperture  of  ?  ;  2c,  palpus  of  $ . 

3.  ,,        activus.  BL,  <? .    Sa,  profile,  without  legs;  3b,  palpus. 

4.  ,,        comtrictus.  BL,  ?  .     Aa,  profile,  without  legs. 

5.  Lyssomanes  pallens.    BL,  ¥ .     5a,  profile,    without  legs  ;   5b, 

upper  side  of  forepart  of  cephalo-thorax,  showing 
the  relative  size  and  position  of  the  eyes. 

6.  Thomisus  insularis.  BL,  ?.     &a,    profile,    without  legs;    &b, 

upper  side  of  forepart  of  cephalo-thorax,  showing 
the  relative  size  and  position  of  the  eyes. 

7.  Olios  validus.  BL,  (?.    la,  forepart  of  upper  side  of  cephalo- 
thorax,  showing  the  relative  size  and  position  of 

the  eyes  ;  lb,  palpus  of  $  ;  Ic,  profile  of  $ , 

without  legs  ;  Id,  genital  aperture  of  ?  . 



PLATE  2. 

Illusteatlve  of  a  Papeu  By  Mr.  John  Blackwaxl  ajjd  Hev.  0.  P. 

Cambkidge  "  Ox  A  List  of  Spidees  Capttjeed  in  tk^  Seychelles 

Islands  by  Peofessoe  E.  Peeceval  "Weight." 

Vide  Proceedings  R.  I.  Acad.,  Yol.  3,  Ser.  2,  p.  1. 

Fig.  8.^'  Sparassus  guttatus.  BL,  ?  .  8a,  profile,  witliout  legs  ;  %h, 
forepart  of  ceplialo-tliorax,  showing  the  relative  size  and 
position  of  the  eyes  ;  8c,  maxillae  and  labium. 

9.   Cluliona  nigromaculosa.  Bl. ,   ?  .     9^,  profile,  without  legs. 

10.  Thcridion  flacens.  BL,  $.     lOf?,  palpus;  105,  profile,  with- 
out legs. 

11.  Argyrodes  rostrata.  BL,  <?.     11a,  profile,  without  legs  ;  115, 

palpus. 
12.  Epeira  cognata.  BL,  $.    12ff,  profile,  without  legs ;  125,  pal- 

pus; 12c,  genital  aperture  of  ?  ;  12^,  ditto,  from  below. 

13.  Nephila plumipes.  C.  Koch.,  $ .     13a,  palpus. 

14.  Tetragnafha   minax.  BL,   $.     14a,    one  of  the   falces  ;    145, 

forepart  of  cephalo-thorax,  showing  the  relative  size  and 
position  of  the  eyes  ;  14^,  palpus. 

15.  TetragnatJia  Thorellii.  BL,  ?.     15a,    profile,    without   legs; 

155,  genital  aperture. 

*  This  figure  is  referred  to  by  mistake,  in  the  description  of  the  Spider,  as  in  PL  1. 



LIST 
OF  THE 

COUNCIL   AND    OFFICEES 

AND 

MEMBEES 

OF  THE 

ROYAL    IRISH    ACADEMY 

DUBLIN, 

25th  of  April,   1882. 

DUBLIN: 

ACADEMY   HOUSE,    19,    DAWSON  STREET. 

188  2 



THE    ROYAL    IRISH    ACADEMY, 

A.D.     1882. 

patron  : HER   MAJESTY  THE   QUEEN. 

I^isiior : 
HIS   EXCELLENCY   THE   LORD   LIEUTENANT  OF   IKELAND. 



EOYAL    lEISH    ACADEMY. 

(First  elected,  16th  of  March,  18S2.) 

SIR  SAMUEL  FERGUSON,  q.c,  ll.d. 

^liit  €onntxl: 

(Elected  16th  of  March,  1882.) 

The  Council  consists  of  the  Committees  of  Science  and  of  Polite  Literature  and 
Antiqvxities. 

€>amraittu  of  ̂ mnte  (Eleven  Members): 
Elected. 

(1)  Mar.,  1876    ROBERT  S.  BALL,  ll.d.,  p.e.s. 

(2)  „  1877  REV.  SAMUEL  HAUGHTON,  m.d.,  f.r.s.,  s.f.t.c.d. 
(3)  „  1878  EDMUND  W.  DAVY,  m.a.,  m.d. 

(4)  „  1879  JOSEPH  P.  O'REILLY,  c.E. 
(5)  „  1879  GEORGE  F.  FITZGERALD,  m.a.,  f.t.c.d. 

(6)  Nov.,  1879     ALEXANDER  MACALISTER,  m.d.,  f.e.s.  {Sec.  of  Comm.) 
(7)  Mar.,  1880    JOHN  CASEY,  ll.d.,  f.e.s. 

(8)  „       1881     FRANCIS  A.  TARLETON,  ll.d.,  f.t.c.d. 
(9)  „       1881     GEORGE  SIGERSON,  m.d. 

(10)  Nov.,   1881     CHARLES  R.  C.  TICHBORNE,  Ph.d. 
(11)  Mar.,  1882     SIR  ROBERT  KANE,  ll.d.,  f.e.s. 

€ommxikt  of  polite  ̂ xUxnhm  nxtli  ̂ iitfitquities  (Ten  Members) 

(12)  Mar.,   1869  ALEXANDER  GEORGE  RICHEY,  ll.d.,  q.c. 
(13)  ,,       1869  VERY  REV.  WILLIAM  REEVES,  d.d. 

(14)  „       1870  ROBERT  ATKINSON,  ll.d.  (^-ec.  0/ Comm.) 
(15)  „       1878  JOHN  T.  GILBERT,  f.s.a. 
(16)  Nov.,  1878  REV.  MAXWELL  H.  CLOSE,  m.a. 

(17)  Mar.,  1879  .JOHN  R.  GARSTIN,  m.a.,  f.s.a. 
(18)  „      1880  JOHN  KELLS  INGRAM,  ll.d.,  f.t.c.d. 

(19)  „       1881  WILLIAM  FRAZER,  f.e.c.s.i. 
(20)  „       1882  DAVID  R.  PIGOT,  m.a. 

(21)  Ap  il,  1882  THOMAS  N.  DEANE,  e.h.a,  , 



Wxa-'^xmxtimis : 
(As  nominated  by  the  President,  16th  of  March,  1882  :  with  the  dates  from  ivhich 

they  have  continuously  been  re-appointed.) 

(1)  JOHN  KELLS  INGRAM,  ll.d.,  f.t.c.d.,  (1879). 
(2)  EEV.  SAMUEL  HAUGHTON,  m.d.,  f.r.s.,  f.t.c.d.,  (1878). 
(3)  JOHN  CASEY,  ll.d.,  f.k.s.,  (1880). 
(4)  VERY  REV.  WILLIAM  REEVES,  d.d.,  ll.d.  (1882). 

§Btm : 
{Elected  annually  hy  the  Academy  :  imth  date  of  first  election.) 

„,  (  REV.  MAXWELL  H.  CLOSE,  m.a. 
Treasurer,   <     (1878) 

^  ( ALEXANDER        MACALISTER, 
bECRETART,   J        M.D.,  (1880). 

Secretary  OF  THE  Council,  .    .     .     .     .  |  ROBERT  ATKINSON,  ll.d.,  (1878). 

Secretary  of  Foreign  Correspondence,  \  JOSEPH  P.  O'REILLY,  c.e.,  (1880). 

Librarian,   \  JOHN  T.  GILBERT,  f.s.a.,  (1878). 

Clerh  of  the  Academy  {elected  annually  hy  the^  ̂ ^^^^^  Macalister,  ll.b.  (1882). Academy)   j 

Curator,  Museum-Clerh,  and  Housekeqjer,  .     Major  Eobt.  MacEnirt,  (1872). 
Assistant  Accountant,          Mr.  Robert  G.  Robson,  (1880). 
Library  Clerh,           Mr.  J.J.  MacSweeney,  (1869). 

Serjeant-at-Mace,   Mr.  J.  J.  MacSweeney,  (1877). 

These  Committees  are  composed  of  the  Members  of  Council,  to  tvhose  names  the  subjoined 
numhers  are  prefixed  in  the  foregoing  list  : 

Mxiseum,         .     .  Committee  of  Polite  Literature  and  Antiquities.     Sec.  No.  15, 
Publication,         .  2,  3,  5,  6  {Bee),  14,  15,  16,  20. 

Lih-ary,         .     .  3,  4,  10,  14,  15  {Sec),  16,  18,  19. 
Irish  Manuscripts,  6,  7,  9,  12,  13,  14  {Sec),  15,  16,  18. 

Economy  &  House  4,  6,  8,  9,  15,  16  {Sec),  17,  19. 



MEMBERS  OF  TEE  ROYAL  IRISH  ACADEMY. 

Ordinary  Members. 

The  sign  *  is  prefixed  to  the  names  of  Life  Members. 
The  sign  t  indicates  the  Members  who  have  not  yet  been  formally  admitted. 

The  sign  §  indicates  the  Members  who  have  contributed  papers  to  the  Transac- 
tions of  the  Academy. 

N.B. — The  names  of  Members  whose  addresses  are  not  hiown  to  the  Secretary  of 

the  Academy,  are  pi-inted  in  italics.  He  requests  that  they  may  be  communicated to  him. 

Date  of  Election. 

1866. 

1843. 

Jan.     8 

April  10 

1871.  June  12 

1873. Jan.  13 

1839. Jan.  14 

1880. June  28 

1828. April  28 

1870. 
1870. 

Jan.  10 

April  11 

1875.  Jan.  11 

1872.  April  8 

1872.  June  24 

1840.  April  13 

Adams,  Eev.  Benjamin  William,  D.D.  The  Rectory, 
Santry,  Go.  Dublin. 

*§Allman,  George  James,  M.D.  (Dub.  and  Oxon.), 
LL.D.,  r.L.S.,  F.E.C.S.I.,  F.E.SS.,  Lond.  & 
Edin.,  Eoyal  Medalist  E.S.,  1873.  Ardmore, 
ParTcstone,  Dorsetshire;  Athenceum  Club,  London. 

*tAmlierst,  William  Amhurst  Tyssen-,  D.L.,  M.P., 
F.S.A.,  M.E.S.L.  Didlington  Hall,  Brandon, 
Morfolk. 

Andrews,  Arthur,  Esq.  Newtoimi  House,  BlackrocJc, 
Go.  Dublin. 

^§Andre\vs,    Thomas,   M.D.,   LL.D.  (Edin.),  F.E.S., 
Hon.    F.R.S.K,   F.C.S.,   Eoyal   Medalist,    E.S., 
1844.     Fort  William  Park,  Belfast. 

fAnglin,  Arthur  H.,  M.A.  Collegiate  House,  Broom- 
field-parh,  Sheffield. 

*§Apjohn,  James,  M.D.,   F.E.S.,  F.    and    Hon.   F., 
K.Q.C.P.L,F.C.S.      South  Hill,  BlackrocJc,  Co. 
Dublin. 

*  Archer,  William,  F.E.S.    57,  Pemhrohe-road,  Dublin. 
fArdilaun,  Eight  Hon,  Arthur,  Baron,  M.A.,  D.L. 

Ashford,  Gong,  Co.  Galway ;  St.  Anne's,  Clontarf, Co.  Dublin. 
Atkinson,    Eobert,    LL.D.,  Professor    of    Sanskrit 

and  Comparative  Philology,  Univ.  Dub.,  Secretary 
of  Council  of  the   Academy.     Clareville,    Upper 
Rathmines,  Go.  Dublin. 

Baily,  William  Hellier,  F.L.S.,  F.G.S.,  Geological 
Survey  of  Ireland,  Demonstrator  in  Palaeontology, 
E.C.Sc.I.  33,  Moyne-road,  Rathmines,  Co. 
Diiblin. 

Baldwin,  Thomas,  Esq.  67,  Pembroke-road,  Dublin. 
*Ball,  John,  M.A.,  F.E.S.,  F.L.S.  10,  Southwell 

Gardens,  South  Kensington.  London,  S.  W. 



Royal  Irish  Academy. 

Date  of  Election. 

1870.  Jau.  10  §BaU,  Eobert  Stawell,  LL.D.,  F.R.S.,  F.RA.S.. 
Andrews  Professor  of  Astronomy  in  the  Univer- 

sity of  Dublin,  and  Eoyal  Astronomer  of  Ireland. 
The  Observatory,  Dunsinh,  Co.  Dublin. 

1842.  Jan.    10     -Banks,  John  T.,  M.D.,  F.K.Q.C.P.I.      ̂ 6,  Merrion- 
square,  East,  Dublin. 

1868.  Jan.   13     ̂ ^Barker,  AY.  OUver,M.D.,  M.Pt.C.S.E.    6,  Gardiner  s- 
row,  Dublin. 

1874.  May  11       Barrett,  William  P.,  P.E.S.E.,  Professor  of  Physics, 
Ptoyal  College  of  Science.    18,  Belgrave-square,  N., 
MonJcstoivn,  Co.  Dublin. 

1866.  May  14       Barrington,   Sir  John,  D.L.     Langhton,  Kingstoivn, 
Co.  Dublin. 

1880.  Peb.     9  '^fBarry,  Michael,  M.D.    56,  Ventnor- villas,  Brighton. 
1880.  Feb.     9     fBarter,  Eev.  John  B.      Rose  Hill,  Rostellan,  Midle- 

ton.  Go.  Carle. 

1879.   Feb.  10     *Beaney,  James  G.,  M.D.     Melbourne,  Australia. 
1878.  June  24     fBeattie,  Joseph-  A.,  L.E. C.S.I.     Mount  Blacquiere, 

Royal  Canal,  Dublin. 

1865.  Jan.     9     *Beauchamp,   Eobert  Henry,  Esq.     25,  Fitzwilliam- 
square.  South,  Dublin. 

1863.  April  27     ̂ Belmore,   Eight  Hon.    Somerset  Eichard,   Earl  of, 
M.A.,  D.L.,  K.C.M.G.     Castle  Coole,  Enniskillen. 

1866.  June  11       Bennett,  Edward  HaUaran,M.D.,M.Ch.,F.E.C.S.I., 

F.E.G.S.I.,  Professor  of  Surgery  in  the  Univer- 
sity of  Dublin.  26,  Lovjer  Fitzwilliam-stred, Dublin. 

1851.  June  9  fBeresford,  Eight  Hon.  and  Most  Eev.  Marcus  G., 
D.D.,  D.C.L.,  Lord  Archbishop  of  Armagh, 
Primate  of  all  Ireland.     TJie  Palace,  Armagh. 

1876.   Jan.  10     -Blake,  John  A.,  M.P.     2,  Saville-roic,  London,  W. 
1879.  Jan.  13       Blake,   George  Dennis,  Esq.     St.  Colurnba,  Bally- 

1         brach,  Co.  DuMin. 
1871.  Jan.     9  ,     Bourke,  Very  Eev.   (Canon)  Ulick  J.     Kilcolman, 

Clarernorris. 

1873.  April  14  j  fBoyd,   Michael  A.,  F.E.C.S.I.,  L.K.Q.C.P.I.     90, 
Upper  Georges-street,  Kingstown,  Go.  Dublin. 

1854.  April  10     ''Brady,  Chsyne,  Esq.      {Abroad.) 
1849.  AprU   9  I  *Brady,  Daniel Fredk.,  F.R.C.S.I.,  M.E.C.S.E.,  J.P. 

I         La  Choza,  Rathgar-road,  Co.  Dublin. 
1858.  April  12     fBrooke,  Thomas,  D.L.     Tlie  Castle,  Lough  Eske,  Co. 

Donegal. 

1878.  May  13     tBrowne,  John,  Esq.     Drajyersjield,  Cookstown,  Co. 

Tyrone. 

1851.  Jan.   13  j  ̂Browne,    Eobert    Clayton,    M.A.,    D.L.     Browne's Hill,  Carloiv, 



List  of  Merahers. 

Date  of  Election. 

1874.  Feb.  9 

1854.  April  10 

1855.  Jan.  8 

1866.  April  9 

1876.  May  8 

1862.  April  14 

1873.  May  12 

1838.  Feb.  12 

1876.  Jan.  10 

1866.  May  14 

1873.  Jan.  13 

1878.  May  13 

1842.  June  13 

1864.  Jan.  11 

'1876.  April  10 

1841.  Jan.  11 

1867.  May  13 

1835.  Nov.  30 
1882.  Feb.  13 

1882.  Feb.  13 

fBurden,  Henry,  M.A.,  M.D.,  M.E.C.S.E.    8,  Alfred- 
street,  Belfast. 

Burke,    Sir    Jobn   Bernard  (Ulster),  LL.D.,.C.B. 

Tullamaine  Villa,  TJi:)]')er  Leeson- street,  Dublin. 
-^Butcher,  Eichard  G.,  M.D.,  F.E.C.S.I.,  M.E.C.S.E. 

1*^,  Loiver  Fitzivilliam-street,  Dublin. 
Byrne,  Jolm  A.,  B.A.,  M.B.  (Dub.)     21,  Merrion- 

square,  North,  Dublin. 

Byrne,  William  H.,  C.E.,  Sunhury  Gardens,  Palmers- 
ton-parTc,  Rathmines,  Co.  Dublin. 

Campbell,    Jobn,    M.D.,    Professor   of    Cbemistry 
C.U.L     161,  Rathgar-road,  Co.  Dublin. 

fCarlingford,  Eigbt  Hon.Cbicbester,Baron,K.P.,  Lord 
Lieutenant   of  Essex.      Red  House,    Ardee ;   7, 
Carlton  Gardens,  London,  S.  W. 

*Carson,  Eev.  Joseph,  D.D.,  S.F.T.C.D.,  F.E.G.SJ. 
18,  Fitzivilliam-place,  Dublin. 

fCarton,    Eicbard   Paul,  Q.C.     35,  Rutland-square, 
West,  Dublin. 

§Casey,  Jobn,  LL.D.,  F.E.S.,  Professor    of   Higher 
Mathematics  and  Mathematical  Physics,  C.XJ.L, 
a  Vice-President  of  the  Academy.       86,   SoiUh 
Circidar-road,  Dublin. 

i"  Castletown  of   Upper   Ossory,    Eigbt   Hon.   Jobn 
Wilson,  Baron,  Lieutenant  of  the  Queen's  County. 
Lisduff,  Errill,  Templemore. 

*Cathcart,  George  L.,  M.A.,  F.T.C.D.     106,  Loiver 
Baggot-street,  Dublin. 

'•'Chapman,    Sir'  Benjamin   J.,   Bart.,  D.L.     Killua 
Castle,  Clonmellon. 

Cbarlemont,  Eight  Hon.  .James  Molyneux,  Earl  of, 
K.P.,   Lieutenant  of  the  County  Tyrone.     Rox- 
borouqli  Castle,  Moy,  Co.  Armaqli. 

■^Clarke,  Eev.  Francis  E.,M. A.,  M.D.,  L.K.Q.C.P.L, 
M.E.C.S.E.      KillirMgh  Rectory,   BlacTclion,  Co. 
Cavan. 

•'[Clermont,  Eight  Hon.  Thomas,  Baron,  D.L.  Ravens- 
dale  Parle,  Neiory. 

*Close,  Eev.  Maxwell  H.,  M.A.,  F.E.G.S.I.,  F.G.S., 
Treasurer   of  the  Academy.     40,   Lower  Baggot- 
street,  Dublin. 

*Cole,  Owen  Blayney,  D.L. 
tCollins,  Charles  MacCarthy,  Esq.     Union  Bank  of 

Australia,  Melbourne. 
fComerford,  Eev.  Michael,  P.P.     Monasterevan,  Co. 

Kildare. 
2 



Royal  Iriali  Academy. 

Date  of  Election. 

1866. 
April  9 

1856. 
Aprill4 

1878. June  24 
1880. Dec.  13 

1864. May  9 

1876. 
Apr.  10 

1882. Feb.  13 

1857. Aug.  24 

1866. June  1 1 

1870. 
Apr.  11 

1876. 

1853. 

1855. 

Kov.  13 

Aprilll 

May  14 

1846.  AprillS 

1876. 
1876. 

Jan.  10 
Jan.  10 

1846.  Jan.    12 

1860. Jan. 9 

1876. Feb. 14 

1876. Jan. 
10 

1851. Jan. 13 

1879. June 9 

tCooper,  Lieut.  Col.  Edward  H.,  Lieutenant  of  Co. 
Sligo.     Marlcree  Castle,  Collooney. 

Copland,  Charles, Esq.  Royal  Bank, Fo&ter-place,  Dub- 
lin ;  7,  Longford-terrace,  Monkstoivn,  Co.  Dublin. 

Corbet,  Williani  J.,  M.P.  Springfavm,  Delgany. 
fCorry,  Tbomas   Hughes,    M.A.     Benvue,    Windsor 

Farli,  Belfast. 
tCotton,    Charles    Pliilip,  B.A.,  C.E.,    F.E.G.S.L, 

Ryecroft,  Bray. 

Cox,  MichaelFraucis,M.A.,L.E.C.S.L  %1 ,  Stephen' s- 
green,  South,  Dublin. 

^fCox,    WiUiam,    Sidney,    C.E.        66,     George-street, LimericTi. 

^§Crofton,   Denis,    B.A.,   8,   Mountjoy-sqiiare,  NoHh, Dublin. 

Cruise,  Francis  E.,  M.D.,  F.K.Q.CP.L,  M.R.C.S.E. 
93,  Mernon-square,  West,  Dublin. 

Cruise,  Eichard  Joseph,  F.E.G.S.L,  Geological  Sur- 
vey of  Ireland.     Castleisland,    Go.    Kerry;    14, 

Htime-street,  Dublin. 

*tDalway,  Marriott  E.,  D.L.     Bella  Hill,    Carricl- 

fergus. •'Davies,  Francis  Eobert,  IL  J.J.  Haivthorn,  Carysfort- 
avenue,  Blachroclc,  Co.  Dublin. 

^§Davy,  Edmund  W.,   M.A.,  M.D.,  Prof,  of  Med. 
Jurisprudence,    E. C.S.I.     1,  Fortfield   Terrace, 
Templeogue,  Co.  Dublin. 

^D'Arcy,  Matthew  P.,  M.A.,  D.L.  40,  Merrion- square. 
East.,  Dublin. 

Day,  Eobert,  Jun.,  F.S.A.  Sidney-place,  Corh. 
Deane,    Thomas    Newenham,    E.H.A.,    F.E.I.A  I. 

3,  Upper  Merrion-street,  Dublin. 
■''Deasy,  Eight  Hon.  Eickard,  LL.D.,  Lord  Justice  of 

Appeal  in  Ireland.      Carysfort  House,  Blachroclc, 
Co.  Duhlin. 

'"Dickson,  Eev.  Benjamin,  D.D.,  F.T.C.D.  3,  Kildare- 
place,  Dublin. 

Dillon,    William,  Esq.        2,  North  Great  George' s- 
street,  Duhlin. 

*§Doberck,    WiUiam,   Ph.D.      Observatory,    Marl-ree, Collooney. 

*Dobbm,  Eev.  Orlando  T.,  B.D.,  LL.D.    St.  George's- 
terrace,  Gravesend,  London. 

"^Doherty,  William  J.,  C.E.     Clontnrh  Ho^ise,  Drum- 
condra,  Co.  Dublin. 



List  of  Members. 

Date  of  Election. 

1876.  June  26 

1843.  Jan. 
1861.  Feb. 

9 
11 

1867.  Feb.  11 

1841.  Aprill2 

1846.  Jan.  12 

1867. 

1834. 

1842. 

1878. 

1857. 

1870. 

1841. 

1875. 

1881. 

1860. 
1874. 

April   8 

Mar.  15 

Jan.   10 

Feb.  11 

Aug.  24 

May  23 

April  12 

Jan.  11 

Jan.   10 

Jan.     9 
Feb.     9 

1876.  Feb.  14 

1838. 
1866. 

Nov.  12 

May  14 

§Draper,    Harry  I:^.,   F.C.S.     Ester  el,    Temple-road, 
Upper  Rathmines,  Co.  Dublin. 

*Drury,  William  Vallaucey,  M.D.  Bournemouth. 
Duncan, James Foulis,M.D.,F.K.Q. C.P.I.  8,  Upper 

Merrion-street,  Dublin. 

Ellis,  George,  M.B.,  F.R. C.S.I.     91,  Loiver  Leeson- 
street,  Dublin. 

'"Emly,  Eigiit  Hon.  "William,  Baron,  Lieutenant  of  the County  Limerick.     Tervoe,  Limerick;  Athenceum 
Club,  London,  S.W. 

■•'Ennisknien,  Eigbt.  Hon.  WiUiam  Willougbby,  Earl 
of,  LL.D.,   D.C.L.,   D.L.,  F.E.S.,   F.E.G.S.L, 
one  of  the  Trustees  of  the  Hunterian  Museum, 
E.C.S.,  London.    Florence  Court,  Co.  Fermanagh; 

65,  Eaton-place,  London,  S.  W. 

=^Farrell,  ThomasA.,  M.A.    Care  of  Messrs.  Kelly  and 
Co.,  Lower  Gardiner-street,  Dublin. 

■^§Ferguson,  Sir  Samuel,  LL.D.,  Q.C.,  President  of  the 
Academy.     20,  North  Great  Georges-street,  Dublin. 

■^Ferrier,    Alexander,     Esq.       Knochmaroon    Lodge, 
Chapelizod,  Co.  Dublin. 

Fitzgerald,  George  F.,  M.A.,  F.T.CD.     40,  Tri^iity 
College,  Dublin. 

Fitzgerald,  Eight  Eev.  William,  D.D.,  Lord  Bishop 
of  Killaloe,  &c.     Clarisford  House,  Killaloe. 

fFitzGibbon,  Abraham,  M.l'.C.E.  Lond.   The  Roolery, Great  Stanmore,  Middlesex. 

^Fitzgibbon,  Gerald,  M.A.,  late  Master  in  Chancery. 
10,  Mer non-square.  North,  Dublin. 

Fitzpatrick,  William  John,  LL.D.,  J.P.     49,  Fitz- 
luilliam-square,  West,  Dublin. 

Fletcher,    Joseph,    F.C.SS.,   London    and   Berlin. 
Gilford  House,  Sandymount,  Co.  Dublin. 

Foley,  William,  M.D.,  M.E.C.S.E.     Kilrush. 
fFoster,   Eev.   Nicholas.     Ballymacelligott  Rectory, 

Tralee. 

Fottrell,    George,    Esq.      8,  North  Great  Georges- 
street,  Dublin. 

*Frazer,  George  A.,  Captain  E.N. 
Frazer,  WilHam,  F.E.C.S.I.,  F.E.G.S.L     20,  Har- 

court -street,  Dublin. 



10 

Date  of  Election. 

1865.  April  10 
1881.  June  13 

1847.  May  10 

1873.  April  14 
1875.  June  14 

1859.  Jan.  10 

1845.  April  4 

1878.  May  13 
1880.  June  28 
1864.  Jan.  11 
1863.  Feb.  9 

1855.  April  9 

1876.  May  8 

1875.  April  12 

1836.  May  25 

1848.  June  12 

1848.  April  10 
1876.  April  10 

1863.  April  13 

1837.  April  24 

1874.  Feb.     9 

1867.  April   8 

1872.  April  8 

1857.  June    8 

Royal  Irish  Academy. 

fFreeland,  John,  M.D.     Antigua,  West  Indies. 
fFreeman,  D. J.,  M.E.I. A.I.   34, 1)awson-street,Diiblin. 

''^Freke,   Henry,    M.D.    (Dub.),    F.K.Q.C.P.I.      68, 
Lower  Mount-street,  Dublin. 

*tFrost,  James,  J.  P.     Ballymorris,  Cratloe,  Co.  Clare. 
Furlong,  Nicholas,  M.D.      Symington,  Enniscorthy. 

Gages,   Alphonse,  Chev.  L.H.,  F.E  G.S.I.      Royal 

College  of  Science,  51,  Stephen^  n -green.  East,  Dublin. 
'^Galbraith,  Eev.   Joseph   Allen,  M.A.,  S.F.T.C.D., 

F.E.G.S,I.   8j  Trinity  College;  46,  Lansdowne-road, 
Dublin. 

Galloway,  Eobert,  F.C.S.     47,  Leeson-park,  Dublin. 
Gannon,  John  Patrick,  Esq.     Laragh,  Maynooth. 
Garnett,  George  Charles  Lionel,  M.A. 

*Garstin,  John  Eibton,  M.A.,  LL.B.,  F.S.A.,  F.E. 
Hist.   Soc,  Hon.  F.E.I.  A.I.,  J. P.     Braganstown, 

Castlebellingham,  Co.  Louth;  Green-hill,  Killiney, 
Co.  Dicblin. 

-''Gilbert,  John  Thomas,  F.S.A. ,  E.H.A.,  Librarian 
of  the  Academy.       Villa   Nova,    BlacTcrock,    Co. 
Dublin. 

Gillespie,  William,  Esq.   Racefield  House,  Kingstovm. 
Co.  Dublin. 

'^Gore,  J.  K,  C.E.,  A.LC.E.,  F.E.A.S.,  F.E.G.S.L 
Beltra,  Ballisodare,  Co.  Sligo. 

''^Gough,  Eight   Hon.    George   S.,  Viscount,    M.A., 
D.L.,  F.L.S.,  F.G.S.  St.  Helen's,  Booterstown,  Co. 
Dublin. 

''^Graham,  Andrew,  Esq.     Observatory,  Cambridge. 
*  Graham,  Rev.  William,  D.D.     Bonn. 
fGrainger,  Eev.  John  (Canon),  D.D.     Broughshane, 

Co.  Antrim. 
fGranard,  Eight  Hon.  George  Arthur  Hastings,  Earl 

of,  K.P.     Castle  Forbes,  Co.  Longford. 

*§Graves,    Eight  Eev.   Charles,   D.D.,   F.E.S.,  Lord 
Bishop  of  Limerick,  &c.     The  Palace,  Henry-street, 
Limerick. 

Gray,  William,  Esq.     6,  Mount- Charles,  Belfast. 
Green,    James  S.,    Q.C.      83,   Lower  Leeson-street, 

fGreene,  John  Ball,  C.B.,  C.E.,   F.E.G.S.I.,  Com- 
missioner of  Valuation.     6,  Ely-place,  Dublin. 

••'Griott,  Daniel  G.,  M.A.    9,  Henrietta-street,  Dublin. 



Lid  of  Members. 11 

Date  of  Election.    1 

1873
" 
Dec.    8 

1875. Jan.  11 

1879. Dec.    8 
1847. Jan.   11 

1837. Feb.  13 

1861. May  13 

1845. Feb.  24 

1852. Ai)rill2 

1870. Aprilll 

1840, June    8 

1851.  Jan.  13 

1865.  Feb.  13 

1873.  Jan.  13 

1867.  Feb.  11 

1875.  Jan.  11 

1881.  May  9 

1824.  Feb.  28 

1875.  June  14 

*Gumness,  Edward  Cecil,  M.A.,  D.L.     80,  Stephen's- 
green,  SoiUh,  Dublm. 

Hamilton,  Edward,  M. D.,  F.E.  C.  S.I.   120,  Stephen's- 
green,  West,  Dublin. 

Hamilton,  Edwin,  M.A,     40,  York-street,  Duhlin. 
Hancock,  William  Neilson,  Q.C,  LL.D.   64b,  Upper 

Gardiner-street,  Dublin. 

'■'§Hart,  Andrew  Searle,  LL.D.,  Vice-Provost  of  T.C.D. 
\i,LotoerPembroJie-street;  Trinity  College,  Dublin. 

Hatcbell,  John,  M. A.,  J.P.    Forfield  House,  Terenure, 
County  Duhlin. 

'■=§Haugbton,  Eev.  Samuel,  M.A.,  M.D.,  D.C.L.  (Oxon.), 
LL.D.    (Cantab.),    F.E.S.,    F.G.S.,    F.E.G.S.I., 
F.K.Q.C.P.L,    Hon.  F.E.C.S.L,    S.F.T.C.D.,    a 

Vice-President  of  the  Academy,  31,  Upper  Baggot- 
street,  Dublin. 

■^Head,  Henry  H.,  M.D.,  F.K.Q.C.P.L,  F.E.C.S.L, 
F.E. G.S.I.      7,  Fitzioilliam-sqtia7r,  East,  Dublin. 

tHeily,  John  Vickers,  M.D.  Lisaduran  Cottage, 
Rushvjorih,  Melbourne,  Victoria. 

-Hemans,  George  Willoughby,  C.E.,F.G.S.  1,  West- 
minster Chambers,  Victoria-street,  London^  S.  W. 

'^§Hennessy,  Henry,  F.E.S.,  Professor  of  Applied 
Mathematics  and  Mechanics  in  the  Eoyal  College 

of  Science  for  Ireland,  Stephen' s-green,  Dublin. 
Broohvale  House,  DonnybrooTc,  Go.  Dublin. 

*Hennessy,  William  Maunsell,  Esq.     71,  Fembrohe- 
road,  Dublin. 

Hickie,    James   Francis,  Lieut. -Col.  (retired),  J.P. 
Slevoir,  Roscrea,  Co.  Tipperary. 

fHill,  John,  C.E.,  F.R.G.S.I.  Coimty  Surveyor's 
Ofice,  Funis. 

*Hili,  Arthur,  B.E.,  A.E.I.B.A.  22,  Georges-street, 
Cork. 

tHilhs,  John  David,  M.D.,  F.E.C.S.L  Demerara, 
West  Indies. 

-^Hudson,  Henry,  M.D.,  F.K.Q.C.P.L  Glenville, Fermoy. 

fHumeEev.  Abraham,  (Canon),  D.  C.  L. ,  LL.D.  (Hon.); 
F.S.A. ;  F.E. S.N. A.  (Copenhagen) ;  Corr.  F.S.A. 
Scot.;  Hon.  F.S.A.  Newcastle;  Member  of  the 

Philological  and  Eng.  Dialect  Societies  ;  Ex -Pre- 
sident Historic  Soc.  of  Lane,  and  Cheshire.  All 

Souls'  Vicarage,  Liverpool. 



12 Royal  Iriah  Academy. 

Date  of  Election, 

iseeriune  11 

1847.  Jan.   11 

1879.  AprilU 

1841.  April  12 

1842.  June  13 

1867.  April  8 
1881.  May  9 

1863.  Jan.  12 

1870.  Dec.  12 

1878.  May  13 

1831.  ]N'ov.30 

1873.  Dec.  8 

1865.  April  10 

1870.  June  13 

1867.  Feb.  11 
1864.  l^ov.  14 

1876.  May  8 

1870.  May  23 

1846.  April  13 
1874.  May  11 
1876.  Feb.  14 

Hutton,  Thomas  Maxwell,  J.  P. 
Dublin. 

118,  Sunimerhill, 

^Ingram,  John  Kells,  LL.D.,  F.T.C.D.,  Librarian 
of  Trinity  College,  Dublin,  a  Vice-President  of 
the  Academy.     2,  Wellington-road,  DiMin. 

flugram,  Thomas  Dunbar,  LL.D.  13,  Wellington- 
road,  Dublin. 

*§Jellett,     Eev.    John    Hewitt,    D.D.,     F.E.G.S.I. 
Provost  of  Trinity  College,  Dublin,  Eoyal  Medalist 
R.S.,   1881.       Provosfs  House,   Trmity   College, 
Dublin. 

•^Jennings,  Francis  M.,  F.G.S.,  F.E.G.S.I.     Brown- 
street,  Cork, 

Jephson,EobertH., Esq.  'dO,Lansdoivne-road, Dublin. 
Jeremy,  Eev.  Daniel  Davis,  M.  A.     4,  Ajjpian  Way, 

Dublin. 

Joyce,   Patrick  Weston,   LL.D.     Lyre  na  Grena, 
Leinster-road,  Rathmines,  Co.  Dublin. 

■''t  Joyce,  EobertD.,  M.  D.    21,  Bowdoin-street,  Boston, 
Mass.,  U.S.,  America. 

*Kane,  John  F.,  Esq.     Leeson-park  House,  Dublin. 
-^§Kane,    Sir   Eobert,  M.D.,    LL.D.,  F.K.Q.C.P.L, 

F.E.S.,  F.E.G.S.L,  F.C.S.,  Eoyal  Medalist  E.S., 
1841.     Fortlands,  KilUney,  Co.  Dublin. 

■*Kane,  Eobert  Eomney,  M.A.     Dungiven,  Ailesbury- 
road,  Dublin. 

Kane,    William   Francis   De  Vismes,    M.A.,   J.  P. 
Sloperton  Lodge,  Kingstown ;  Drtimreaske  House, 
Monaghan. 

*Keane,    John   P.,    C.E.,   Engineer,  Public  Works 
Department,  Bengal.      Calcutta. 

Keane,  Marcus,  J.  P.     Beech  Park,  Ennis. 

'''Keenan,  Sir  Patrick  J.,  C.B.,  K.C.M.G.,  Resident 
Commissioner,    Board    of    National    Education, 
Ireland.     Delville,  Glasnevin,  Co.  Dublin. 

Kelly,  James  Edward,  M.D.     13,  Rutland-square, 
East,  Dublin. 

'•'Kelly,    John,    L.M.    (Dub.).       University   College 
Hospital,  Calcutta. 

''Kennedy,  James  Birch,  J. P.     Cara,by  Killarney. 
fKidd,  Abraham,  M.D.     Ballymena. 

'^'fKildare,  Most  Hon.  Gerald,  Marquess  of.     Carton, 
Maynooth. 



List  of  Members. 13 

Date  of  Election. 

1875.  June  14 

1866.  April  9 

1868.  Jan.  13 

1863.  Aprilia 

"i845.  June  8 

1837.  Feb.   13  '^ 

fKilgarriff,   Malachy  J.,  F. E.G. S.I.     30,  Harcourt- 
street,  Dublin. 

^Kinahan,  Edward  Hudson,  J. P.    11,  Merr ion- square, 
North,  Dublin. 

Kinahan,    George    Henry,    F.E. G.S.I. ,    Geological 
Survey  of  Ireland,   Ovoca,  Co.  WicMow ;  14,  Hume- 
street,  Dublin. 

Kinahan,   Thomas  W.,    M.A.      24,    Waterloo-road, 

*King,  Charles  Croker,  M.D.,  F.R.C.S.I,  Medical 
Commissioner,  Local  Government  Board.  34, 

Up2:)er  FitztuiUiam-street,  Dublin. 
§Knox,    George    J.,   Esq. 

1864.  Aprilll 

1875. 
1864. 

1836. 

1857. 

1857. 

1845. 

1846. 
1844. 

1869. 
1853. 

May  10 
Jan.   1 1 

Jan.   25 

May  11 

April  13 

Feb.  10 

May  11 
April   8 

April  12 
April  1 1 

1870.  June  13 

1868. 

1876. 

1846. 
1875. 

April  27 

Jan.  10 

Jan.  12 

April  12 

'^Lalor,   John  J.,   F.E.G.S.I.     City  Hall,  Cork- hill, 
Dublin. 

fLane,  Alexander,  M.D.     Ballymoney. 
LaTouche,  J.  J.  Digges,  M.A.  1 ,  Ely-place,  Upper, 

Dublin. 

-■'LaTouche,  William  Digges,  M.  A.,  D.L.  34,  Stephen' s- 
green,  North,  Dublin. 

■^Lawson,  Eight  Hon.  James  A.,  LL.D.,  Justice  of  the 
Court  of  Common  Pleas.     27,  Upper  Fitzivilliam- 
street,  Dublin. 

*Leach,  Lieut. -Colonel  George  A.,  R.E.  3,  aS'^.  James  s- 
square,  London,  S.W. 

'^LeFanu,  William  E.,  C.E.     Summerhill,  Enniskerry, Co.  WicMoio. 

'^Lefroy,  George,  Esq.    (Abroad.) 
"'fLeinster,    His    Grace   Charles  William,    Duke    of, 

President  of  the  Eoyal  Dublin  Society.     Carton, 

Maynooih. 
■''Lenihan,  Maurice,  J. P.    Limerick. 
Lentaigne,  Sir  John,  C.B..  M.B.,  J.P.,  F.E.G.S.L 

1,  Gi'eat  Denmark-street,  Dublin. 
Leonard,    Hiigh,    F.G.S.,    F.E.G.S.L,    Geological 

Survey  of  Ireland.     St.  David's,  Malahide-road, Diiblin. 

*Little,    James,    M.D.,   L.E.C.S.L,    F.K.Q.C.P.L 
14,  Stephen' s~green.  North,  Dublin. 

Lloyd,  Joseph  Henry,  M.  A.,LL.D.,Ph.  D.,  F.E.S.L., 
F.S.A.,  M.  Phil.  Soc.     7,  Loiver  Gardiner-street, 
Dublin. 

''Lloyd,  WilHam  T.,  M.D. 
Lombard,  James  F.,  J.P.     South-hill,  Rathmines,  Co. 

Dublin. 



u 
Date  of  Election. 

1838. Feb.  12 

1878. Feb.  11 

1868. Jan.   13 

1851. May  12 

1873. 
April  14 

1871.  Feb.  13 

1875.  Jan.  11 
1881.  June  27 

1874.  Feb.  9 

1873.  Jan.  13 

1864.  Aprilll 

1845.  Feb.  24 
1827.  Mar.  16 

1857.  Feb.  9 

1865.  AprillO 

1882.  Feb.  13 

1856.  June  9 

1876.  AprillO 

1881.  Feb.  14 

1871.  AprillO 

Royal  Irish  Academy. 

'^Lougfield,  Eight  Hon,  Mountifort,  LL.D.  (late  Judge 
in  the  Landed  Estates'  Court).    47,  Fiizwilliam- 
square,  West,  Dublin. 

*tLowry,  Eobert  William,  B.A.  (Oxon.)  D.L.,  J.  P. 
Pomeroy  House,  Dungannon,  Co.  Tyrone.  I 

Lyne,   Eobert  Edwin,  Esq.     2,    Har grave-terrace,  I 
Terenure-road,  Bathr/ar,  Co.  Dublin. 

*Lyons,    Eobert    D.,    M.B.,    F.K.Q.C.P.I.,    M.P., 
Prof,  of  Medicine,  C.TJ.I.      88,  Merrion- square^ 
West^  Dublin. 

§Macalister,  Alexander,  MD.,  F.E.S.,  L.E.C.S.I, 
L.K.Q.C.P.I.,  F.E.G.S.I.,  Professor  of  Anatomy 
and  Comparative  Anatomy  in  tlie  University  of 

Dublin,  Secretary  of  the  Academy.  11,  £/ppe?' 
FitzwiUiam- street,  Dtiblin. 

^Macartney,  J.  W.  Ellison,  M.P.,  J.  P.  The  Palace, 
Clogher. 

fMacCarthy,  John G., Esq.  RlverView, MontenottejOork. 
fMcClintock,  Eev.  Francis  Le  Poer,  M.A.  (Cantab.), 

S2)encer  Hill,  Castlebellingham,  Co.  Louth. 
McClure,  Eev.  Edmund,  M.A.      Society  for  Pro- 

moting   Christian   Knowledge,    Nortlmmherland- 
aveime,  Charing  Cross,  London,  S.  W. 

'•'McCready,  Eev.  Christopher,  M.A.  56,  Pligh-street, Dublin. 

■-McDonnell,  Alexander,  M.  A. ,  C.  E. ,  F.E.G.  S.I.  aS'^. 
John's,  Island-bridge,  Co.  Dublin. 

*Macdonnell,  James  S.,  C.E. 
*MacDonnell,  John,  M.D.,  F.E.C.S.I.,  F.E.G.S.I. 

32,  Uj^i^er  Fitzivilliam- street,  Dubli^i. 
*§ McDonnell,  Eobert,  M.D.,  F.E.C.S.I.,  F.E.S.     89, 

Merrion-square,  West,  Dublin. 
tMac  Donnell,   Lieut. -Col.   William   Edward  Arm- 

strong, Vice-Lieutenant  of  the  County  Clare.    New 
Hall,  near  Ennis. 

McHenry,   Alexander,  Esq.,   Geological  Survey  of 

Ireland.    6,  Ashford-terrace,  Ball's  Bridge,  Dublin. 
*tMac  Ivor,  Eev.  James,  D.D.,  F.E.G.S.I.     Moyle, 

JVewtotmstetvart. 

Macllwaine,  Eev.  William  (Canon),  D.D.  Ulster vllle, 
Belfast. 

§  Mackintosh,  Henry  William,  M.A.,  Professor  of 
Zoology  in  the  University  of  Dublin.  Trinity 
College,  Dublin. 

Macnaghten,  Colonel  Sir  Francis  Edmund,  Bart. 
(Late  8th  Hussars),  Vice-Lieutenant  of  the  Co. 
Antrim.      Dundarave,  Bushmills,  Co.  Antrim. 
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Date  ot  Election.     ' 

1874.  AprillS 

1846.  Feb.  23 

1864.  June  13 

1882.  April  10 

1880.  May  10 

1874.  Feb.    9 

1860.  April  10 

1859,  Jan.   10 

1871.  Jan.     9 

1879.  Feb.  10 

1861.  Jan.   14 

1858.  Jan.   11 
1860.  Jan.     9 

1861.  Jan.  14 

1869.  Feb.  8 

1866.  April   9 

1874.  Feb.    9 

1876.  April  10 

1840  Feb.  10 

1844.  June    8 

MacSwiney,  Stephen  Myles,  M.D.     38,  York-street, Dublin. 

-Madden,   Richard  E.,    F.E.C.S.   Eng.     1,    Vernon- 
terrace,  Boater stown-avenue,  Booterstoivn,  Co.  Dublin. 

Madden,     Thomas     More,    M.D.,     L.K.Q.C.P.I., 
M.E.CS.E.     55,  Merrion-square,  South,  Dublin. 

fMahony,  Richard  John,  B.A.  (Oxon.)  D.L.   Dromore 
Castle,  Kenmare,  Co.  Kerry. 

fMahony,  William  Aloysius,  L.K.Q.C.P.I.,  L.E.C.S. 
Edin.     Mitchelstoivn,  Go.  Cork. 

§Malet,  John  Christian,  M.A.,  Professor  of  Mathe- 
matics.     Queen's  College,  CorTc. 

-''Malone,   Rev.  Silvester,  P.P.,  F.R.H.A.A.I.     Slx- 
milebridge,  Co,  Clare. 

^fManchester,  His  Grace  William  Drogo,  Duke  of. 
1,  Great  Stanhope-street,  London;  Kimholton  Castle, 
St.  Neofs,  Hunts ;  The  Castle,  Tanderagee. 

Maunsell,  George  Woods,  M.A.,D.L.,  Vice-President, 
Royal  Dublin  Society.     78,  Merrion-square,  South, Dublin. 

Meldon,  Austin,  M.D.     15,  Merrion-square,  North, 
Dublin. 

fMonck,    Eight    Hon.     Charles   Stanley,    Viscount, 
G.C.M.G.,  Lieutenant  of  Dublin  City  and  County. 
Charleville,  Bray,  Co.  WicMoiv. 

'■'''Montgomery,  Howard  B.,  M.D. 
Moore,  Alexander  G.  Montgomery,  Colonel,  Assis- 

tant Adjutant- General.       Royal  Hospital,   Kil- 
mainham. 

Moore,   James,    M.D.,    M.E.CS.E.     7,   Chichester- 
street,  Belfast. 

■■'Moran,  Most  Eev.  Patrick  F.,  D.D.,  Bishop  of  Ossory. 
aS'^.  Kyran's  College,  Kilkenny. 

More,  Alexander  Goodman,  F.L. S.,  Soc.   Zoo.  Bot. 
Vindob.  Socius,  Director  of;  the  ISTatural  History 
Museum,  Science  and  Art  Department,  Leinster 
House.     92,  Leinster-road,  Mathmines,  Co.  Dublin. 

§Moss,  Eichard  J.,  F.C.S.,  Keeper  of  the  Minerals, 
Museum  of  Science   and  Art.     66,    Kenihvorth- 
sqiiare,  Rathgar. 

t  Myers,  Walter,  Esq.      2,  Richard-street,  Sfencer- 
street,  Birrningham. 

*Napier,    Eight   Hon.    Sir   Joseph,    Bart.,   D.C.L., 
LL.D.,  University  Club,  Dublin. 

■''Neville,     John,     C.E.,    F.E.  G.S.I.       Roden-place, Dundalk. 
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1854.  May     8 
1873.  Jan.   13 

1846.  Jan.  12 

1869.  June  14 

1875.  Jan.  11 

1867.  June  10 

1867.  Jan.   14 

1865.  Apr.  10 

1869.  Apr.  12 

1882.  Apr.  10 

1866.  Jan.    8 

1867.  May  13 

1866.  June  25 

1857.  June  8 

1869.  Apr.  12 

1878.  Feb.  11 

1866.  Jan.     8 

1869.  Apr.  12 
1876.  Feb.  14 

1871.  Apr.  10 

1861.  June  10 

NeviUe,  Parke,  C.E.     58,  Pemhrolce-road,  Dublin. 
Nolan,   Joseph,    F.E.G.S.I.,  Geological   Survey  of 

Ireland.     47,    Cheat  James' s-street,   Derry ;    14, 
Hume-street,  Dttblin. 

^f  jS'ugent,  Arthur  E.,  Esq.     (Portaferry,  Co.  Doivn.) 

'•'O'Brien,  James  H.,  Esq.     aS^.  Lorcaiibs,  Howth,  Co. 
Dublin. 

O'Callaghan,  J.  J.,  F.E.I.A.I.  31,  Harcourt-street, Dublin. 

O'Conor  Don,  The,  D.L.  Clonalis,  Castkrea,  Co. 
Roscommon. 

O'Donel,  Charles  J.,  J. P.  47,  Lower  Leeson-sireet, Dublin. 

O'Donnavan,  William  J.,  LL.D.      University  Club, 
17,  Stephen! s-green,  North,  Dublin;  79,  Kenilivorth- 
square,  Rathgar,  Co.  Dublin. 

fO'Ferrall,    Ambrose    More,    J. P.      Balyna   House, 
Enfield,  Co.  Kildare. 

tO'Farrell,  Francis  J.,    F.C.S.     The   Manor  House, 
Dundrum. 

-O'Grady,  Edward  S.,  B.A.,  M.B.,  M.Ch.,F.E.C.S.I. 
105,  Stephens-green,  South,  Dublin. 

to' Grady,  StandishH.,  Esq.    Erinagh  House,  Castle- 
connell;  2,  Southampton-st.,  Strand,  London,  W.C. 

O'Hagan,  Hon.  Jolm,  M.A.,  Judge  of  the  Supreme 
Court  of  Judicature  in  Ireland,  and  Judicial  Com- 

missioner Irish  Land  Commission.  22,  Upper 
Fitzivilliam-  street,  Dublin. 

O'Hagan,  Eight  Hon.  Thomas,  Baron,  K.P.  Wood- 
lands, Clonsilla,  Co.  Dublin. 

O'Hanlon,  Very  Eev.  John,  P.P.  Sandymoant,  Co. 
Dicbliji. 

O'Hanlon,  Michael,  L.K.Q.  C.P.I.  Castlecomer, 
Co.  Kilkenny. 

O'Kelly,  Joseph,  M.  A.,  F.E.G.S. I., Geological  Survey 
of  Ireland.  72,  Eccles-street,  Dublin;  14,  Hume- 
street,  Didjlin. 

O'Laverty,  Eev.  James,  P.P.  Holyivood,  near  Belfast. 
Olden,  Eev.  Thomas,  B.A.  Ballyclough,  Mallow, 

Co.  Corh 

O'Looney,  Brian,  F.E.H.S.,  Professor  of  Irish  Lan- 
guage, Literature,  and  Archeology  to  the  Catholic 

University  of  Ireland,  Grove-villa  House,  Crumlin, 
Co.  Dublin. 

■^O'Mahony,  Eev.  Thaddeus,  D.D.  Trinity  College^ Dublin. 
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1870.  Jan.  10  §0'Eeilly,  Joseph  P.,  C.E.,  Prof,  of  Mining  and 
Mineralogy,  Eoyal  College  of  Science,  Dublin, 
Secretary  of  Foreign  Correspondence  of  the  Aca- 

demy.   58,  Park-avenue,  Sandymoiint,  Co.  Dublin. 

1878.  May  13       O'Eeilly,   Eev.  John,   C.C.      13,  North  Richmond- street,  Dublin. 

1879.  May  12     fO'Rorke,  Very  Rev.  Terence,  D.D.,  P.P.     CoUoone;/, Sligo. 

1866.  June  11       O'Rourke,  Very  Eev.  (Canon)  John,  P.P.  St. Mary's, 
Maynooth. 

1838.  Dec.  10  1  '''Orpen,  John  Herbert,  LL.D.     58,  Stephen' s-green. 
East,  Dublin. 

1870.  Feb.  14      O'Shaughnessy,  Mark  S.,  LL.D.,  F.E.S.L.,  Eegius 
Prof,  of  English   Law,   Queen's   College,   Cork. 
27,  St.  Patrick' s-hill,  Cork. 

1866.  Jan.     8  i     0' Sullivan,    Daniel,    Ph.   D.      Rosemount,    North 
Circular-road,  Dublin. 

1839.  June  10     ̂ Parker,  Alexander,    J.  P.      46,    Upper  Rathmines, 
Co.  Dublin. 

1873.  Feb.  10.       Patterson,  William  Hugh,  Esq.,  Garranard,  Strand' 
toivn,  Belfast. 

1847.  Feb.     8  --fPereira  [elected  as  Tibbs],  Eev.  Henry  Wall,  M.A., F.S.A.  Scot.,&c.    Sutton  Wick,  Abingdo7i. 

1872.  Apr.    8'     Phayre,  Major-General  Sir  Arthur  Purves,  K.C. S.I. , 
G.C.M.G.,  C.B.     Bray,  Co.  Wicklow. 

1863.  Apr.  13  \     Pigot,  David E.,  M.A.,  Master,  Court  of  Exchequer. 
12,  Leeson-park,  Dublin. 

1870.  Apr.  11  '     Pigot,    Thomas    F.,    C.E.,    Prof,    of    Descriptive 
Geometry,  etc.,  Eoyal  College  of  Science,  Dublin. 

4,  Wellington-7-oad,  Dublin. 
1838.  Feb.  12  |  '^Pim,  George,  J.  P.     Brennanstoivn,   Cabinteely,   Co. Dublin. 

1849.  Jan.     8,  *Pim,Jonathan,Esq.  6Veew&aw^,J/ow^si02Wi,  Co.  DuWm. 
1880.  Feb.    9       Plunkett,  Thomas,  F.E.G.S.L     Bnniskillen. 

1864.  Jan.   11  ̂ fPoore,  Major  Robert,  (Late  8th  Hussars).    (Abroad.) 
1862.  Apr.  14  ,  *Porte,  George,  Esq.     43,  Great  Brunswick-st.,  Dublin. 
1873.  Jan.  13  j  *Porter,  Alexander,  M.D.,  F.E.C.S.,  Assist. -Surgeon, 

;         Indian  Army.     Madras. 
1875.  Jan.  11  fPorter,  George  Hornidge,  M.D.,  Surgeon  in  Ordi- 

nary to  the  Queen  in  Ireland,  M.  Ch.  3,  Merrion- 
square,  North,  Dublin, 

1852.  Apr.  12     -'Porter,  Henry  J.  Ker,  Esq. 
1873.  Jan.  13  Powell,  George  Denniston,  M.D.,  L.E.C.S.I.  76, 

Upper  Leeson-street,  Dublin. 
1864.  June  13  fPower,  Sir  Alfred,  K.C.B.,  M.A.  35,  Raglan-road, 

Dublin. 
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1875.  Aprill2  *t Powerscourt,     EigM     Hon.     Mervyn     Wingfield, 
Viscount.     Potverscourt,  Emiiskerry,  Bray. 

1854.  Jan.     9       Pratt,  James  Butler,  C.E.  Drumsna,  Co.  Leitrira. 

1874.  Dec.  14  ̂ fP^^rcell,  Mathew  John,  Esq.  Burton  Park,  Church- 
town,  Co.  Cork;  Stephen^ s-green  Gluh,  Dublin. 

1858.  Jan.  11  Purser,  John,  M.A.,  D.Sc,  Professor  of  Mathe- 
matics.    Queens  College,  Belfast. 

1881.  Apr.  11  -''Quinlan,  Francis  John  Boxwell,  B.A.,  M.D. 
F.K.Q. C.P.I.    29,  Lower Fitsivilliam-sireet.  Dublin. 

1867.  Jan.  14  '■'fRead,  John  M.,  General,  U.S.;  Consul-General  of 
the  U.S.A.  for  France  and  Algeria,  Member  of 
American  Philos.  Soc,  Fellow  of  the  Royal  Soc. 
of  Northern  Antic^uaries,  &c.     Athens. 

1846.  Dec.  14  i-§Reeves,  Very  Rev.  William,  D.D.,  M.B.,  LL.D., 
!  Dean  of  Armagh,  a  Vice-President  of  Academy. 

The  Public  Library,  Armagh;  Rectory,  Tynan. 
1843.  Feb.  13  ̂ Renny,  Henry  L.,  F.R.G.S.I.,  Lieut.  R.E.,  (Retired 

List).    [Quebec  ̂  

1878.  Jirne  24     *Reynell,  Rev.  William  A.,  B  D.    8,  Henrietta- street, 
Dublin. 

1875.  Jan.   11       Reynolds,    James   Emerson,    M.D.,    F.R.S.,    Pro- 
fessor of  Chemistry  in  the  University  of  Dublin. 

62,  Morehamj)ton-roacl,  Donnybrook,  Co.  Dublin. 

1867.  Apr.     8  j     Richey,  Alexander  George,  LL.D.,  Q.C.     27,  U-pper 
Pembroke-street,  Dublin. 

1875.  June  14  |     Robertson,    John   C,    L.K.Q.G.P.I.,    M.R.C.S.L., 
I         F.R.A.S.     The  Asylum,  Monaghan. 

1881.  Jan.  10       Robinson,  John  L.,  C.E.,M.R.LAJ.    i^,Clarinda- 
parh.  East,  Kingstoiun,  Co.  Dublin. 

1844.  June  10     ■■'Roe,  Henry,  M.  A.     (Isle  of  Man.) 
1876.  Jan.  10  '''fRoss,  Rev.  William.     Chapel  Hill  House,  Rothesay. 
1870.  Is^ov.  30       Rosse,  Rt.   Hon.  Lawrence,  Earl  of,  D.C.L.,  D.L., 

F.R.S.,  F.E.  A. S.     Birr  Castle,  Parsonstoivn. 

1872.  Apr.    8      Rowley,  Standish  G.,  LL.D.,  J.P.,  M.R.S.L.  Sylvan- 
parJc,  Kells,  Co.  Meath. 

1843.  Jan.  9  *§Salmon,  Rev.  George,  D.D.,  D.C.L.  (Oxon.),  LL.D. 
(Cantab.),  F.R.S.,  and  Royal  Medalist,  1868, 
Regius  Professor  of  Divinity  in  the  University  of 
Dublin.      81,    Wellington-road,  Dublin. 

1853.  Jan.  10  *Sanders,  Gilbert,  Esq.  Albany  Grove,  Ifonkstown, 
County  Dublin. 

1851.  May  12     *Sayers, Rev. JohnstonBridges, LL.D.    Velore, Madras. 
1846.  Feb.  9  '■'tSherrard,  James  Corry,  Esq.  7,  Oxford-square, 

LI y de-park,  London. 



List  of  Memhers. 
19 

Date  of  Election. 

1873.  Jan.  13 

1869.  Apr.  12 

1835.  Feb.  23 

1877.  Dec.  10 
1868.  Jan.  13 

1833.  Apr.  22 
1876.  Jnne26 

1873.  Jan.  13 

1867.  Jan.  14 

1873.  April  14 

1874.  Dec.  14 

1871.  June  12 

1874.  June  22 

1857.  June  8 

1856.  Apr.  14 

1857.  Aug.  24 

1874  Apr.  13 

1845.  Feb.  24 

1871.  Jan.  9 

1845  June  23 

1877.  April  9 

1869.  Apr.  12 

"tShirley,  Evelyn  PhiUp,  M. A.,  D.L.,  F.S.A.     Lough 
Feci,    Carrichnacross ;  Ettington  Parh,  Stratford- 
on-Avon. 

Sigerson,  George,  M.D.,   M.Ch.,  F.L.S.,  Prof,    of 
Botany,  C.U.I.     3,  Clare-street,  Duhlin. 

*§Smith,  AquiUa,  M.D.,  F.K.Q.C.P.I.     121,  Loiver 
Baggot-street,  Dublin. 

'■'t  Smith,  Charles,  Esq.     Bm^roiv-in-Furness. 
fSmith,  John  Chaloner,  C.E.  Engineer's  Office,  Duhlin, 

Wicklow  and  Wexford  Raihvay,  Bray. 

*Smith,  Joseph  Huhand,  M.A. 
Smith,  Eev.  Eichard  Travers,  (Canon)  B.D.      The 

Vicarage,  Clyde-road,  DulAin. 
Smyth,   Patrick.  James,   M.P.,   Chev.  L.   H.     15, 

Belgrave-square,  East,  Rathmines,  Co.  Did)lin. 
Smythe,  William  Barlow,   M.A.,  D.L.     Barhavilla 

House,  Collinstoivn,  Killucan. 

''Smythe,  William  James,  Lieutenant-General,  E.A., 
F.E.S.     Coole  Glehe,  Carnmoney,  Belfast. 

Stewart,  James,  ]\I.A.  (Cantab.),  Professor  of  Greek 

and  Latin,  C.U.I.     21,  Gardiner' s- place,  Duhlin. 
§Stokes,  Hon.   Whitley,   LL.D.,  C.S.I.,  Member  of 

the  Supreme  Council  of  India.   Legislative  Council 
House,  Calcutta. 

Stokes,  William,  INI.D.,  M.  Ch.     5,  Merrion-square, 
North,  Dublin. 

-*§Stoney,  Bindon  B.,  M.A.,  C.E.,  F.E.S.,  F.E.G.S.I. 
14,  Elgin-road,  Duhlin. 

§Stoney,    George  Johnstone,   M.A.,   D.Sc,  F.E.S., 
3,  Palmerston-jKirlc,  Upper  Rathmines. 

'•'Sullivan,  William  Kirby,  Ph.D.,  President  of  Queen's 
CoUege,  Cork.     Qneen^s  College,  Cork. 

fSweetman,  H.    S.,  Esq.     38,    Alexandra-road,   St. 
John's  Wood,  London,  N.  W. 

'•'Sweetman,  Walter,  J.P.     ̂ ,Mountjoy -square,  North, Duhlin. 

tSymons,  John,  Esq.     72,  Queen-street,  Hull. 

'•'Talbot  de  Malahide,  Eight  Hon.  James,  Baron, 
D.C.L.,D.L.,  F.E.S.,F.3.A.,  F.G.S.,  F.E.G.S.I, 
F.E.  Hist.  Soc,  Pres.  Archsol.  Inst.  The  Castle, 
Malahide,  Co.  Dublin. 

§Tarleton,  Francis  Alexander,  LL.D.,  F.T.C.D.  24, 
Vjjper  Leeson-str.eet,  Dublin. 

§Tichborne,  Charles  Eoger  C,  Ph.D.,  F.C.S.  15, 

Nortii  Great  George's- street,  D^dMn;  Apothecaries 
Hall,  40,  Mary-street,  Duhlin. 
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1864.  Mar.  16 

1879.  June  9 

1846.  Feb.  9 

1871.  June  12 

1876.  April  10 

1870.  Nov.  30 

1880.  Feb.  9 

1881.  Feb.  14 

1864.  Feb.  8 

1881.  Jan.  10 

1866.  Apr.  9 

1876.  Nov.  13 

1880.  Feb.  9 
1857.  June  8 

1851.  Jan.  13 

1874.  June  8 

1873.  April  14 
1839.  Jan.  14 

1837.  Jan.     9 

1877.  April  9 

1857.  Aug.  24 

Trench,    Eight  Hon.  and  Most  Eev.  Eichard  Chene- 
vix,  D.D.,  Lord  Archbishop  of  Dublin,  Primate 
of  Ireland.      The  Palace,   Stephen  s-green.  North, 
Dublin. 

'^fTucker,  Stephen  Isaacson,  Esq.,  Somerset  Herald, 
Herald^  College,  London,  E.G. 

*Tu£fnell,   Thomas    Joliffe,   F  E.C.S.I.,   M.E.C.S.E. 
58,  Lower  Mount-street,  Dublin. 

jTyrrell,  Colonel  Frederick,  J.  P.  Gold  Coast  Colony, 

Acera,  care  of  Forbes  d-  Co.,  25,  Cockspur-street, 
London,  S.W. 

*t Tyrrell,  George  Gerald,  Esq.,  Clerk  of  the  Crown, 
Co.  Armagh.  30,  Upper  Pembroke-street,  Dublin; 
Banbridge,  Co.  Down. 

fVentry,  Eight  Hon.  Dayrolles  Blakeney,  Baron, 
D.L.     Burnham- house,  Dingle,  Co.  Kerry. 

fVesey,  Agmondisham  B.,  L.K.Q.C.P.I.  Bellevue, 
Magherafelt. 

*Ward,  Francis  Davis,  J. P.,   Clonaver,  Strandtoivn, 
Belfast. 

"*f Warren,  James  W.,  M.A.    39,  Hutland-square,  West, Dublin. 

*tWatts,Eobert  George,  M.D.,  F.E.S.L.,  5,  Bulstrode- 
street,  Cavendish-square,  London,  W. 

Westropp,W.  H.  Stacpoole,L.E.C.S.I.,  F.E.G.S  I., 
&c.     Lisdoonvarna,  Co.  Clare. 

[White,  Eev.  Hill  Wilson,  LL.D.,  Wilson's  Rospiial, 
Midtifarnham,  Co.  Westmeath. 

*t  White,  John  Newsom,  Esq.     EocHands,  Waierford. 

^'^tWhitehead,  James,  M.D.,  F.E.C.S.E.,  M.E.C.  Phys., 
Lon.     87,  Mosley-street,  Manchester. 

=^tWhittle,  Evviug,  M.D.,  M.E.C.S.E.  1,  Parliament- 
terrace,  Liverpool. 

Wigham,  John  E.,  Esq.     35,  Capel-street,  Dublin. 
Wilkinson,  Thomas,  Esq.  Enniscorthy,  Co.  Wexford. 

--Williams,  Eichard  Palmer,  F.E.G.S.I.     38,  Dame- 
street.,  Dublin. 

^Williams,  Thomas,  Esq.     38,  Dame-street,  Dublin. 
Williamson,    Benjamin,    M.A,,    F.E.S.,    F.T.C.D. 

1b,  Dartmouth-road,  Dublin. 
*§Wright,    Edward    Perceval,   M.A.,   M.D.,  F.L.S., 

F.E.C.S.I.,  J. P.,  Professor  of  Botany  and  Keeper 
of  the  Herbarium,  Dublin  University.    5,  Trinity 

College,  Dublin. 
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Date  of  Election. 

1863.  June  22 

HONOEARY    MEMBERS. 

His  Royal  Highness  Albert  Edward,  Prince  op 
Wales. 

"  The  President  of  the  Eotal  Society,  and  Ex-Pbesidents  of  the  same, 
are  ahvays  considered  Honorary  Members  of  the  Academy." — By-Laws,  ii.,  14. 

1869.  Mar.  16 
(Elected  Hon.  Mem. 

in  Sec.  of  Science 
originally.) 

1863.  Mar.  16 

1832.  Nov.  30 
f Elected  Hon.  Mem. 

in  Pec.  of  Science 
originally-) 

1880.  Mar.  16 

Hooker,  Sir  Joseph  Dalton,  M.D.,  K.C.B.,  F.R.S., 
D.C.L.,  LL.D.,  V-P.L.S.,  F.G.S.,  Director  of  the 
Eoyal  Gardens,  Kew,  Ex-President  of  the  Royal 
Society.    Ketv,  London,  W. 

Sabine,  General  Sir  Edward,  R.A.,  K.C.B.,  D.C.L., 
LL.D.,  V.P.  and  Ex-President  of  the  Royal 
Society,  Hon.  F.R.S.,  Edin.,  E.R.A.S.,  F.L.S., 
&c.     13,  Ashley-place,  Westminster,  London,  S.W. 

Airy,  Sir  George  Biddell,  K.C  B.,  D.C.L.,  LL.D., 
Ex-President  of  the  Royal  Society  (1871), 
V-P.  R.A.S.,  &c.      Play  ford,  near  Ipsivich. 

Spottiswoode,  William,  M.A.,  D.C.L.,  LL.D.,  Presi- 
dent OF  the  Royal  Society.  41,  Grosvenor-place, 

London,  S.W. 

SECTION  OF  SCIENCE. 

[Limited  to  30  Members,  of  whom  one-half  at  least  must  be  foreigners.] 
1873.  Mar. 15 

1874.  Mar.  16 

1875.  Mar, 
1869.  Mar. 

1869.  Mar. 

1869.  Mar. 

1873.  Mar. 

Adams,  John  Couch,  LL.D.  (Dub.),  F.R.S.  and  Cop- 
ley Medalist,  V-P.R.A.S.,  F.C.P.S.,  etc.,  Direc- 

tor of  the  Observatory  and  Lowndesean  Professor 
of  Astronomy  and  Geometry  in  the  University  of 
Cambridge.  Ohservatory,  Cambridge. 

Berthelot,  Professor  Marcelin  Pierre  Eugene,     Bo^tle- 
vard  Saint-Michel,  57,  Paris. 

Bertrand,  Professor  Joseph  Louis  Fraiifois.     Paris. 
Brown- S^quard,   Charles  Edouard,  M.D.,  F.R.C.P., 

F.R.S.       College   de   France,    Paie    Gay   Lussac, 
Paris. 

Bunsen,  Professor  Robert  Wilhelm  Eberard.    Heidel- berg. 

Carus,  J.  Victor,  Professor  of  Comparative  Anatomy. 
Leipzig. 

Cayley,  Arthur,  LL.D.  (Dub.),  F.R.S.,  V-P.  R.A.S., 
&c.,   Sadlerian  Professor  of  Mathematics  in   the 
University  of  Cambridge.      Co.mhridge. 
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HO^'OEAEY  ^lEMBEES— Co?if^"?mef/. 

SECTION  OF  SCIENCE— Continued. 
Date  of  Election. 

1866. 
1873. 

Mar. 
Mar. 

1869.  Mar.  16 

1876. 
1841. 

Mar. 
:Nrar. 

1875.  Mar.  16 

1876. 
1880. 
1864. 

1873. 

1879. 

1874. 

1864. 
1880. 
1880. 
1882. 

1878. 
1882. 

Mar. 
Mar. 
Mar. 

Mar. 

Mar. 

:\rar. 

^lar. 
jMar. 
Mar. 
^lar. 

^lar. 
Mar. 

1873.   Mar.  1-5 

1878.  AFar.  16 

1882. 
1867. 

Mar. 
.Alar. 

Clausius,  Prof.  Eudolf  Julius  Emmanuel.     Zurich. 
Dana,    James    DwigEt,    LL.D.,    &c.,   Professor    of 

Geology  and  IMiiieralogy.    Yale  College,  Neio  Haven, 
Conn.,  U.  S.  America. 

Daubree,  Prof.   Gabriel  Auguste.     Ecole  des  Mines, 
Paris. 

DecandoUe,  Alpbonse,  Professor  of  Botany,     Geneva. 
Dumas,  Professor  Jean  Baptiste,  G.C.L.H.     Rue  St. 

Dominique,  69,  Paris. 
Gray,  Asa,  Professor  of  Botany,  Harvard  Uniyersity. 

Co/nibridge,  Massachusetts,  U.  S.  America.. 
Haeckel,  Ernst,  Professor  of  Zoology.     Jena. 
Heer,  Oswald,  Prof,  of  Botany  in  IJniv.     Ziirieh. 
Helmholtz,  Professor   Hermann  Ludwig  Ferdinand. 

Berlin. 

Hofmann,    August   "Willielm,    E.E.S.,   Professor    of CheniiBtrv  in  the  University.     Berlin. 
Huggins,  William,  D.C.L.,    LL.D.,   E.E.S.     Upper 

Tidse-hill,  London,  S.W. 
?Huxley,   Professor  Thomas   Hemy,   LL.D.,    F.E.S. 

London. 

Hyrtl,  Professor  Karl  Joseph.      Vienna. 
Loomis,  Professor  Ehas.     Tcde  College,  U.S.  America. 
Marsh,  Prof  0.  C.    YcdeCollege,  Conn.,  U.S.  America. 

Xewcomb,  Simon.      United  States  Navcd  Ohservato-nj, 
Washington. 

Pasteur,  Louis.     Paris. 

Smith,  Henry  John  Stephen,  F.E.S. ,  Savihan  Pro- 
fessor of  Geometry,  Oxford.      Oxford. 

Stokes,  George  Gabriel,  D.C.L.,  LL.D.  (Dub.),  Fel- 
low and  Secretary  of  the  Eoyal  Society,  F.C.P.S., 

F.E.S.  Ed.,  &c.,  Lucasian  Professor  of  Mathematics 
in  the  University  of  Cambridge.    Lensjield  Cottage, 
Cambridge. 

Thomson,    Professor   Sir   William,    LL.D.,    D.C.L., 
F.E.S.     Glasgow. 

Yirchow,  Eudolph.     Berlin. 
Wurtz,  Professor  Adolf  Karl.     Rue  St.    Guilhume 

27,  Paris. 

{One  vacancy.) 
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SECTION  OF  POLITE  LITERATURE  &  ANTIQUITIES. 

[Limited  to  30  Members,  of  whom  one-haKat  least  must  be  foreigners.] 

Elected  in  the  Department  of  Polite  Literature. 

Gayangos  y  Arce,  Don  Pascual  de.     London. 
Lassen,  Professor  Christian.     Bonn. 
Lepsius,  Professor  Karl  Eichard.     Berlin. 
Mommsen,  Professor  Theodor.     Berlin. 
Mliller,  Professor  Max.     Oxford. 

Uatec 

1869.'
 

)t  ElectK 

Mar. 

)n. 

16 
1869. Mar. 16 
1849. Nov. 30 
1869. Mar. 16 
1863. Mar. 16 

Elected  in  the  Department  of  Antiquities. 

1869. 
1848. 
1867. 
1841. 

1854. 
1866. 
1867. 
1867. 

Mar.  16 
IsTov.  30 
Mar.  16 
Mar.  16 

Mar.  16 
Mar.  It) 
Mar.  16 
Mar.  16 

Benavides,  Don  Antonio.     Madrid. 
Botta,  Paul  Emile.     Paris. 
De  Eossi,  Commendatore  Giovanni  Battista.     Rome. 
HalliweU-Phillipps,  James  Orchard,  F.E.  S.,  F.SS.  A. 

Lond.   and  Scotland.,    &c.      Hollinghury    Copse, 
Brighton. 

Maury,  Professor  Louis  Ferdinand  Alfred.     Paris. 
Nilsson,  Professor  Sven.     Lund. 
Visconti,  Barone  Commendatore  P.  E.     Rome. 
Worsaae,  Prof.  Hans  Jakob  Asmussen.  Copenhagen. 

Elected  since  the  union  of  the  two  classes  of  Honorary  Memhers 
in  this  Section. 

1882.  Mar.  16 
1878.  Mar.  16 

1882.  Mar.  16 

1882.  Mar.  16 
1878.  Mar.  16 
1875.  Mar.  16 

1880.  Mar.  16 
1878.  Mar.  16 
1882.  Mar.  16 

1878.  Mar.  16 

1873.  Mar.  15 

1876.  Mar.  16 

Ascoli,  Professor  G.  I.     Milan. 
Bradshaw,    Henry,    M.A.,    University    Librarian, 

Carabridge. 
Bond,  Edward  Augustus,  LL.D.,  Principal  Librarian 

of  the  British  Museum.     London. 

Brugsch-Pascha,  Heinrich.     Berlin. 
Curtius,  Professor  Georg.     Leipzig. 
Franks,  Augustus  Wollaston,  M.A.,  F.E.S.,  F.S.A. 

103,  Victoria-street,  London,  S.  W. 
Fick,  Professor  F.  C.  August.     GiJttingen. 
Kern,  Professor  H.     Leyden. 
Maine,  Sir  Henry  James  Sumner,  LL.D.,  K.C.S.I., 

Master  of  Trinity  Hall,  Cambridge.      Cambridge. 
Newton,    Charles,   C.B.,  D.C.L.,  F.S.A.      British 

Museum,  London. 
Nigra,  His  Excellency  Cavaliere  Constantino,  Italian 

Minister  to  Eussia.     St.  Petersburg. 

Stokes,  Margaret.    Carrig-Brtuc,  Hoivlh,  Co.  Dublin. 
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Date  of  Election. 

1876.  Mar.  16  j  Stubbs,  Eev.  William,  D.D.,  Canon  of  St.  Paul's, :  London,  Professor  of  Modern  History,  Oxford. 
j         Oxford. 

1873.  Mar.  15  Westwood,  John  Obadiab,  Esq.,  P.S.A.,  Hope 
Professor  of  Zoology,  Oxford.     Oxford. 

1875.  Mar.  16      Whitney,    Prof.   William    D wight.     Yale    College, 
Connecticut,  U.S.,  America. 

1876.  Mar.  16      Windisch,  Professor  Ernst.     Leipzig. 

{One  vacancy.] 



SUMMARY 

life  Members 
Annual  Members 

152 
178 

Honorary  Members  (58  +  5)  ••• 

330 
63 

Total, 
393 
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Should   any   errors   or   omissions   be  found  in  thii?    List,  which  is   revised   to  i  ̂ 

1st  April,  1882,  it  is   requested  that   notice  thereof  may   be  given  to  the! 

Secretary  of  the  Academy.     He  should  also  be  informed  of  the  death  of  an 
Member. 

As  this  list  will  be  kept  standing  in  type,  it  can  be  readily  corrected  from  timei|l 
to  time. 

R.  D.  Webb  and  Son,  Printers,  74  Abbey-street,  Dublin, 
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MoifDAT  Eyek-ing,  JS'oyembee  13,   1876. 

Yeet  Eev.  "Wm.  Eeeves,  D.  J).,  Dean    of  Armagh,  Yice-President, in  the  Chair. 

Eev.  Canon  Smith,  B.D.,  and  M.  F.  Cox,  Esq.,  signed  the  Eoll, 
and  were  admitted  Members. 

The  Earl  of  Leitrim,  Marriott  E.  Dal  way,  Esq.,  M.  P.,  and  Eev. 

Hill  "Wilson  White,  were  elected  Members  of  the  Academy. 
The  Secretary  read  a  Paper,  by  Eev.  D.  H.  Haigh,  "  On  Early 

British  and  Irish  Inscriptions,"  Part  1. 

The  Secretary  read  a  Paper,  by  Dr.  Doberck,  "  On  ̂   Coronse, 
y.  Ophiuchi,  y  Coronse,  ̂   Bootis,  A  Ophiuchi,  ̂   Librse,  2  3121  and 

oih'ei"  Binary  Stars." 
[This  Paper  wiU  be  pubHshed  as  Part  15  of  Vol.  XXVI.  of  the 

"  Transactions."]'. 

Eobert  S.  Ball,  LL.D.,  read  a  Paper  "  On  the  Precession  and  Xu- 

tation  of  the  Earth  and  Planets." 
[This  Paper  will  be  published  as  Part  13  of  Vol.  XXVI.  of  the 

"Transactions."] 
The  Secretary  read  a  Paper,  by  J.  Blackwall,  F.  L.  S.,  and  the 

Eev.  0.  P.  Cambridge,  M.  A.,  "On  a  Collection  of  the  Arachnida  of 

the  Seychelles,  made  by  Dr.  E.  Perceval  Wright." 

[This  Paper  ̂ ill  appear  in  the  "Proceedings,"  Second  Series, 
Vol.  III.,  Science,  Part  1.] 

The  Secretary  read  the  following  letter  : 

"  20,  XoKTH  Great  G-eoege's-street, 
"DuBLEs-,  lOthJime,  1876. 

"  My  dear  Dr.  Weight, 

"Seeing  in  'Xature'  of  the  1st  inst.  a  woodcut  of  a  'Blown- 

sand  Eock,'  observed  in  the  expedition  of  the  'Challenger,'  which 
exhibits  stratifications  and  jointings  quite  similar  to  those  of  rock  in 

the  ordinary  quarry,  I  wish  to  put  on  record  what  I  have  myself  done 

towards  the  examination  of  like  formations  in  blown-sand  duDcs, 
transported  clay,  and  other  adventitious  masses. 

E.  I.  academy  minutes,  session  1876—7.  « 
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"The  accompanying  book,  from  pages  1  to  9  inclusive,  consists  of 

sketclies  of  rock-structure  more  or  less  developed,  in  the  sand-hills  of 
Doolin  and  Liscanor  Bays,  in  the  County  Clare.  These  sketches  were 

made  in  1868,  but  I  had  several  years  pre^-iously  noticed  the  same 
appearances  at  Ballybunion,  in  Limerick,  and  I  had  observed  a 

general  agreement  between  these  crude  formations  and  the  rock- 
structure  of  the  adjoining  districts. 

"  No.  10  is  the  only  sketch  I  have  preserved  of  like  appearances 
in  transported  clay.  It  is  a  highly  laminated  mass,  taken  from  an 

artificial  embankment  near  Ragatz.  But  all  the  adjoining  alluvium  is 

of  similar  structure,  due  to  its  deposit  by  the  Ehine,  and  this  lump 

may  have  been  taken  from  a  mass  thrown  up  from  the  flat,  which 
would  neutralize  its  evidence.  Its  structure  is  horizontal.  I  regret 

that  I  have  lost  my  drawing  of  a  vertically  divided  face  of  clay 

exposed  in  the  mound  of  an  ancient  earthen  fort  at  Bull  Head,  Dingle. 

I  made  many  other  observations  of  like  structural  tendencies  in 

hand-transported  masses  of  mud,  clay,  and  quarry  dehris  at  Yichy, 

Gasteia,  and  at  Buxton ;  but  I  lost  my  notes  of  these  at  Truro,  two 

years  ago.  One  of  the  most  striking  examples  I  had  noted  was  a 

mass  of  road-stuff  on  the  highway,  south  of  "Werfan,  on  the  way  to 
Gastein,  which  appeared  to  me  to  show  a  remarkable  likeness  in 

structure  to  the  highly  laminated  gneiss  rock  of  the  district. 

"It  is  with  gxeat  diffidence  I  say  anything  of  glaciers;  but 

noticing  no  agency  of  pressure  to  account  for  the  blown  sand  or 

adventitious  clay  cleavages,  I  was  early  led  to  question  the  theory 

which  assigns  to  pressure  the  rock-like  structure  noticeable  in  some 

ice  formations.  The  sketches  from  IN'os.  11  to  21  inclusive  were  made 
with  the  analogies  which  those  cleavages  suggest  before  my  mind, 

and  they  may  have  unconsciously  influenced  my  pencil.  But  I  fancy 

Professor  Forbes,  in  his  '  Alps  of  Savoy,'  had  not  these  considerations  to 
mislead  him,  when  he  made  his  drawings  of  the  very  distinct  rock 

structure  displayed  in  the  glaciers  of  the  Brenva  (p.  203)  and  Macug- 

naga  (p.  347). 
"  If  my  impressions  of  the  existence  of  a  real  analogy  between  the 

effective  causes  of  those  appearances  be,  to  any  extent,  probable,  it  may 

appear  desirable  to  the  Academy  to  possess  the  original  sketches  made 

with  a  view  to  investigations  which  the  publication  in  'I^ature'  will  soon 
cause  to  be  taken  up  by  more  competent  inquirers.  I  would,  therefore, 
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ask,  through  you,  to  solicit  the  permission  of  the  President  for  you  to 

read  this  letter,  and  present  the  drawings  which  accompany  it  to  the 

Eoyal  Irish  Academy,  at  its  next  meeting. 
"  I  remain, 

''Dear  Dr.  Wright, 

' '  Very  faithfully  yours, 

"  Samuel  PEEGUsoiir. 

^'Ed.  Peeceval  Weight,  M.D., 

"Secretary,  Royal  Irish  Academy P 

A  special  vote  of  thanks  was  given  to  Dr.  Perguson  for  his  presen- 
tation. 

The  Secretary  laid  on  the  table  Part  6  of  Vol.  XXVI.  of  the 

"  Transactions,"  being  a  Eeport  on  the  Allotropism  of  Selenium,  and 
on  the  Influence  of  Light  on  the  Electrical  Conductivity  of  this  Ele- 

ment, by  Harry  N.  Draper,  and  Eichard  J.  Moss. 

Donations  to  the  Library  were  announced,  and  thanks  voted  to  the 
Donors. 

^HTJESDAT  Evening,  I^ovembee  30,  1876. 

(St.  Andrew's  Day. — Stated  Meeting.) 

Veet  Eev.  "Wm.  Eeeves,  D.D.,  Dean  of  Armagh,  Vice-President, 
in  the  Chair. 

The  Eev.  Canon  Burke  signed  the  Eoll,  and  was  admitted  a 
Member. 

The  Eight  Hon.  Lord  Talbot  de  Malahide,  E.E.  S.,  was  elected  a 

Member  of  Council  in  the  Department  of  Polite  Literature  and  Anti- 

quities, to  supply  the  place  of  the  Eev.  M.  H.  Close,  M.A.,  resigned. 

A  Paper,  by  the  Eev.  D.  H.  Haigh,  "  On  Early  British  and  Irish 

Inscriptions,"  Part  2,  was  read. 
By  permission  of  the  Academy,  Mr.  P.  Ogilby  Eoss  read  a  Paper, 

"  On  the  Myology  of  the  Cheetah  {Felu  juhata).''^ 
[This  Paper  will  appear  in  the  ''Proceedings,"  Second  Series, 

Vol.  in.,  Science,  Part  1.] 

u2 
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MoxDAT  Etexixg,  December  11,   1876. 

Sajiuel  FEEGrsox,  LL.D.,  Yice-President,  iu  the  Chair. 

The  Secretary  of  Council  read  a  description,  by  Miss  M.  Stokes, 

Honorary  Member  of  the  Academy,  of  a  Series  of  Photographs  of 

Early  Irish  Architecture. 

It  "vras  resolved — "  That  the  thanks  of  the  Academy  be  given  to 
Miss  Stokes  for  the  opportunity  she  has  afforded  it  of  examining  the 

splendid  series  of  Photographs  of  Early  Irish  Architecture  now  exhi- 
bited ;  and  for  her  kindness  in  accompanying  this  exhibition  with  so 

valuable  a  description." 
Donations  to  the  Library  and  Museum  were  announced,  and  thanks- 

voted  to  the  Donors. 

MoxDAY  EvExixG,  Jaxitaey  22,   1877. 

Yeey  Rev.  Wii.  Eeeves,  D.D.,  Dean  of  Armagh,  Yiee-President,, 
in  the  Chair. 

It  was  resolved — ''That a  congratulatory  address  be  presented  to 
his  Grace  the  Duke  of  Marlborough,  Lord  Lieutenant  of  Ireland,  and 

that  the  Officers  of  the  Academy  be  and  are  requested  to  prepare  the 

same." 
The  Officers,  having  retired,  returned  with  the  following  draft  of 

an  address,  which  was  adopted  : —  .        ̂  

"  Mat  it  please  yotje  Geace — 

"We,  the  President  and  Members  of  the  Eoyal  Irish  Academy, 

beg  leave  to  approach  your  Grace  with  our  respectful  congratulations- 

on  your  arrival  amongst  us  as  the  Eepresentative  of  our  Most 

Gracious  Sovereign. 

"  The  learned  body  to  which  wo  have  the  honour  to  belong  was 
constituted  by  Charter  in  the  year  1785,  for  the  purpose  of  promoting 

the  study  of  Science,  Polite  Literature,  and  Antiquities.  Since  that 

time  it  has  laboured,  not  without  success,  in  this  high  vocation,  and 

has  won  an  honourable  place  amongst  kindred  Societies  at  home  and 

abroad. 
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"It  lias  proTided  a  field  and  supplied  a  stimuhis  for  tlie  develop- 
ment and  exercise  of  Irish,  genius.  It  has  made  important  contribu- 
tions to  knowledge  in  yarious  branches  of  scientific  inquiry ;  it  has 

"brought  together  in  its  lEuseum  and  Manuscript  Collection  abundant 
and  trustworthy  materials  for  the  illustration  of  our  jSTational  Antiqui- 

ties, and  of  the  language,  literature,  and  social  life  of  the  Hiberno- 
Celtic  race. 

"Your  Grrace  is,  by  virtue  of  your  exalted  office,  Yisitor  of  the 
Academy.  We  trust  you  will  find  reason  to  look  on  its  labours  with 

the  same  favour  with  which  they  were  regarded  by  your  distinguished 

predecessors  in  the  government  of  Ireland  ;  and  we  are  sure  we  may 

rely  on  your  Grace's  countenance  and  support  in  our  endeavours  to 
guard  its  interests,  maintain  its  character,  and  extend  its  useful- 

ness." 

It  was  Eesolved — "That  the  Officers  of  the  Academy  take  the 

j)roper  steps  to  have  the  same  presented  to  his  Grace." 

Samuel  Ferguson,  LL. D.,  Y. P.,  read  a  Paper  "On  some  Sculp- 
tures on  the  Great  Cross  at  Clonmacnoise." 

By  permission  of  the  Academy,  Chichester  Bell,  II.  D.,  read  a 

Paper  "  On  a  Series  of  Bases  derived  from  Pyrrol,  and  some  Com- 

pounds allied  to  them  and  to  !Mussic  Acid." 

[This  Paper  will  appear  in  the  "Proceedings,"  Second  Series, 
Yol.  III.,  Part  1.] 

By  permission  of  the  Academy,  Dr.  E.  L.  Moss,  E.]^.,  read  a  Paper 

"  On  the  Glaciation  by  Sea  Ice." 

[This  Paper  will  appear  in  the  "Proceedings,"  Second  Series, 
Yol.  III.,  Science,  Part  1.] 

Professor  J.  E.  Pteynolds  read  the  second  of  a  scries  of  Eeports 

from  the  Chemical  Laboratory  of  Trinity  College,  Dublin.  'So.  2. 
"  On  Mr.  Early's  Method  of  Analysing  Eerroso-ferric  Silicate." 

[This  Eeport  will  appear  in  the  "Proceedings,"  Second  Series, 
Yol.  III.,  Science,  Part  1.  Eor  j^o.  1,  vide  "  Proceedings,"  Second 
Series,  YoL  II.,  p.  731.] 
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The  Secretary  laid  on  the  table  the  "  Proceedings"  of  the  Academy, 
Second  Series,  Yol.  II.,  Science,  Part  7,  January,  1877.  This  number 
concludes  Volume  II. 

Donations  to  the  Museum  and  Library  were  announced,  and  thanks, 
voted  to  the  Donors, 

MoxDAT  EvEN-iNG,  Febktjaky  12,  1877. 

Samuel  Peegtjsox,  LL.D.,  Vice-President,  in  the  Chair. 

The  Secretary  reported  that  His  Excellency  the  Lord  Lieutenant 

had  received  the  President  and  Members  of  the  Academy  at  the  Castle, 

on  the  22nd  of  January,  and  that  his  Grace  had  been  pleased  to  return 

the  following  Answer  to  the  Address  of  the  Academy,  which  had  been 

duly  presented  to  him  : — 

"Mk.  President  akd  Membees  of  the  Eoyal  Ieish  Academy — 

* '  I  thank  you  for  the  Address  you  have  read  to  me.  Your  con- 
gratulations on  the  high  appointment  which  the  Queen  has  conferred 

on  me  I  greatly  value. 

' '  It  is  most  gratifying  to  me,  on  my  arrival  in  Ireland,  to  be  wel- 
comed by  a  body  so  important  and  cultivated  as  the  Eoyal  Irish  Aca- 

demy ;  one  which,  incorporated  by  Eoyal  Charter  nearly  a  hundred 

years  ago,  for  the  purpose  of  stimulating  the  study  of  liternture  and 

the  pursuit  of  scientific  research,  still  continues  in  its  enlightened 

course,  and  carries  out  in  such  an  admirable  and  successful  manner  the 

original  intentions  of  its  founders.  The  Museum,  with  its  ancient 

manuscripts,  will  be  a  matter  of  special  interest  to  me,  and  it  will 

afford  me  much  pleasure  to  be  able  on  some  future  occasion  to  inspect 
the  valuable  collection  which  it  contains. 

"To  be  the  Visitor  of  such  an  Institution  as  yours,  gentlemen, 
ranking  high  as  it  does  among  all  kindred  Societies,  is  to  me  a  source 

of  pride,  and  I  shall  consider  it  the  privilege  of  my  position  to  assist 

you  as  far  as  possible  in  extending  its  usefulness,  in  guarding  its  inte- 

rests, and  in  maintaining  the  great  celebrity  which  it  has  obtained." 
It  was  resolved  that  the  Answer  of  His  Excellency  to  the  Address 

presented  by  the  Academy  should  be  entered  on  the  Minutes. 
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The  Secretary  read  a  Paper,  by  C.  E.  Burton,  B.  A.,  entitled, 

"Notes  on  some  Drawings  of  the  Planet  Mars." 
[These  will  be  published  as  Part  12  of  Vol.  XXVI.  of  the 

"  Transactions."] 

Henry  Hennessy,  P.B. S.,  read  a  Eeport  (Part  1),  "On  Experi- 
ments to  determine  the  Influence  of  the  Molecular  Condition  of  Fluids 

on  their  motion  when  in  Eotation,  and  in  contact  with  Solids." 

[This  Paper  will  appear  in  the  "  Proceedings,"  Second  Series,  Vol. 
III.,  Science,  Part  1.] 

The  Secretary,  Dr.  E.  P.  Wright,  read  a  Paper  "On  a  Parasitic 

Green  Alga,  forming  a  new  species  of  Cohn's  genus  Clilorochytrium ;" 

also  a  Paper  "  On  Chytridia  Parasitic  on  Ectocarpi." 
[These  Papers  will  be  published  as  Parts  9  and  10  of  Vol.  XXVI. 

of  the  "  Transactions."] 
Donations  to  the  Library  were  announced,  and  thanks  voted  to  the 

Donors. 

Monday  Evening,  Febeuaet  26,  1877. 

Samuel  Eekgtjson,  LL.D.,  Vice-President,  in  the  Chair. 

The  Secretary  read  a  Paper,  by  Angus  Smith,  M.  D.,  "On  the 

Revival  of  Manuscripts  on  Parchment." 

[This  Paper  will  appear  in  the  "Proceedings,"  Second  Series, 
Vol.  III.,  Science,  Part  1.] 

The  Secretary  read  a  Paper,  by  Robert  S.  Ball,  LL.D.,  "  On  a 

Method  of  Regulating  a  Clock  intended  to  show  Mean  Time." 

[This  Paper  will  appear  in  the  "  Proceedings,"  Second  Series,  Vol. 
III.,  Science,  Part  1.] 

The  Secretary  read  a  Paper,  by  J.  E.  L.  Dreyer,  M.  A.,  as  "  A 

Supplement  to  Sir  John  Herschel's  Greneral  Catalogue  of  Nebuloe  and 
Clusters  of  Stars." 

[This  Paper  will  be  published  as  Part  11  of  Vol.  XXVI.  of  the 

"  Transactions."] 
Donations  to  the  Library  and  Museum  were  announced,  and  thanks 

voted  to  the  Donors. 

The  Academy  was  then,  by  special  resolution,  adjourned  to  Mon- 
day next,  March  5th,  1877. 
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Monday  Eyeiv-ixg,  Maech  5,  1877. 

(Special  Meeting.) 

SAiTtTEL  Feiigijso:!^,  LL.D.,  Yice-President,  in  the  Chair. 

The  Secretary  of  Council  announced  that  the  President  of  the 

Academy  had  intimated  that  he  would  not  present  himself  for  re- 
election at  the  approaching  Stated  Meeting. 

The  Secretary  of  Council  read  the  following  Eeport  of  the  Council, 
as  to  negotiations  with  the  Government,  and  the  letters  from  the 

Government  communicating  the  conditions  proposed  as  to  the  transfer 

of  the  Museum  of  the  Academy  to  the  new  "  Science  and  Art  Mu- 

seum," and  as  regards  the  re-transfer  of  the  Vote  for  the  Academy  to 
the  charge  of  the  Irish  Government,  as  well  as  to  the  future  provision 

for  the  maintenance  and  augmentation  of  the  collection  of  Aatiquities. 

EEPOET  OF  THE  COUNCIL. 

On  the  last  occasion  (26th  of  June,  1876),  when  the  Academy  had 
under  its  consideration  a  Report  from  the  Council  in  relation  to  the 

question  pending  with  the  Government  as  to  the  transfer  of  the 

charge  of  its  Vote  from  the  Chief  Secretary  for  Ireland  to  the  Science 

and  Art  Department,  a  Petition  to  the  House  of  Commons  on  the  sub- 

ject was  adopted,,  and  the  Council  were  authorized  to  take  the  requi- 
site steps  for  its  presentation,  if  they  should  find  it  advisable.  Purther 

time  having  elapsed  without  any  communication  having  been  received 

from  the  Government,  and  the  close  of  the  Session  being  at  hand, 

your  Petition  was  entrusted  for  presentation  to  the  Members  for  the 

City  of  Dublin,  and  just  before  the  rising  of  Parliament  was  presented 

by  Mr.  Maurice  Brooks,  and  was  one  of  those  selected  by  the  Com- 
mittee on  Public  Petitions  to  be  printed  in  their  last  Eeport  for  the 

Sessions  (31st  Report,  Appendix,  p.  228). 

The  Council  were  gratified  to  observe  that  the  attention  of  the 

House  of  Lords  was  called  to  the  subject  by  Lord  O'Hagan,  who 

moved  for  a  Return  of  "  copies  of  all  public  olficial  coiTespondence  (com- 
mencing 8th  of  February,  1876)  between  the  Irish  Government,  the 

Treasury,  the  Science  and  Art  Department,  the  Royal  Dublin  Society, 

and  the  Royal  Irish  Academy,  on  the  subject  of  the  proposed  Esta- 

blishment of  a  Science  and  Art  Department  in  Dublin." 
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This  motion  was  acceded  to  on  the  part  of  the  Government  by  the 

Duke  of  Eichmond  and  Gordon,  Lord  President  of  the  Privy  Council. 

About  the  same  time  your  Council  received  from  their  Excellencies 

the  Lords  Justices  of  Ireland  (in  the  absence  of  His  Grace  the  Duke  of 

Abercorn)  an  intimation  of  their  willingness  to  receive  a  Deputa- 

tion on  the  subject  of  the  transfer  of  the  Academy's  Vote.  They 
accordingly  waited  on  their  Excellencies  (the  Lord  Chancellor  and 

the  Yice-Chancellor)  at  Dublin  Castle,  on  the  27th  June,  1876,  and 
presented  the  following  Memorial,  the  importance  of  which  seems  to 

the  Council  to  justify  their  now  placing  it  before  the  Academy : — 

"  May  it  please  yotjk  Excellencies, 

"We,  the  Council  of  the  Eoyal  Irish  Academy,  beg  to 
approach  your  Excellencies  in  the  hope  of  inducing  you  to 

exercise  the  influence  of  your  high  of&ce  to  obtain  a  reversal 

of  the  action  of  certain  Departments  of  the  Government,  by 

which  ̂ the  charge  of  the  Parliamentary  Yote  for  the  Academy 
has    been   transferred  from   the  Irish   Government    to    the 

■^  Science  and  Art  Department,  South  Kensington. 

■^  "  It  is   probably  within  the  knowledge   of   your  Excel- 
lencies that  a  communication  was,  in  Eebruary  last,  ad- 

dressed to  the  Academy  by  the  Eight  Hon.  Yiscount  Sandon, 
Vice-President  of  the  Committee  on  Education  of  Her  Ma- 

jesty's Privy  Council,  propounding  a  scheme  which  involved 

a  proposal   for  the  transfer  of  the  Academy's  Collection  of 
■  Antiquities  to  a  Science  and  Art  Museum  in  Dublin,  to  be 

B,                         provided  by  the  State,   under  an  officer  of  the  Establishment 

■  known  as  the  Science  and  Art  Department,  who  would  be  the 

'     ,                         medium  of  communication  with  that  Department. 

"  The  Academy,  whilst  consenting  to  the  proposed  trans- 
fer, attached  thereto  certain  conditions,  and,  amongst  others, 

the  following : — That  the  Academy  should  not  be  subject,  in 
the  conduct  of  its  aiiairs,  or  the  expenditure  of  its  grants,  to 

any  control  on  the  part  of  the  Science  and  Art  Department, 

or  any  of  its  officers ;  and  should  continue  to  be  accountable, 

as  at  present,  through  Her  Majesty's  Irish  Government,  for 
all  sums  voted  by  Parliament. 

"  To  the  letter  embodying  these  conditions  we  have 
never  received    any  reply,    further  than   a  formal   acknow- 
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ledgment  of  its  receipt,  though,  we  have  been  anxiously 

expecting  one  during  the  period  of  more  than  three  months 

which  has  since  elapsed.  But,  on  the  17th  of  May,  we  were 

informed  by  the  letter  of  the  Under  Secretary,  to  which 

we  have  already  referred,  that  the  charge  of  our  Yote  had 

been  transferred  to  the  Science  and  Art  Department. 

"It  may  be  supposed  by  some  that  the  Academy,  by  its 

action  in  relation  to  Lord  Sandon's  proposal,  has  set  itself  in 
opposition  to  the  establishment  of  a  Science  and  Art  Museum 

in  Dublin,  and  is  thus  impeding  the  bestowal  of  a  great  benefit 

on  the  people  of  Ireland.  Ilo  representation  could  be  more 

unfounded.  What  was  sought  from  us  in  his  Lordship's 
letter  was  the  union  of  our  Antiquarian  Collections  to  the  pro- 

posed new  Museum.  To  this  we  distinctly  assented,  on  condi- 
tions such  as  we  thought  were  required  in  the  interest  of  the 

country,  involving  arrangements  similar  to  those  which  were 

accorded  in  a  like  case  to  the  Scottish  Society  of  Antiquaries, 

and  under  which  the  National  Collection  of  Antiquities  in 

England  is  managed  by  the  Trustees  of  the  British  Museum^ 

without  interference  from  the  Science  and  Art  Department, 

which  has  no  concern  with  Archaeology. 

"  The  only  reasons  given  for  the  transfer  of  the  charge  of 
our  Yote  are  founded  in  misapprehension.  It  is  stated  that 

such  a  change  was  recommended  by  the  Commissioners  of 

1868.  But  this  is  an  erroneous  statement,  not  supported  by 

the  Report  of  the  Commissioners,  and  contradicted  by  some  of 

them,  who  have  come  forward  to  repel  the  assertion. 

"  The  other  reason  alleged  is,  that  the  change  has  been  in- 

troduced to  further  a  proposed  amalgamation  of  '  Scientific 

Institutions  in  Dublin.'  But  the  Government  has  not  given 
its  sanction  to  any  such  amalgamation,  and  it  was  not  proposed 

in  Lord  Sandon's  letter.  The  project  of  such  an  amalgamation 
has  been  rejected  by  the  Academy,  and  the  idea  of  forcing  it 

on  a  reluctant  body  may  be  treated  as  quite  out  of  the 

question. 
The  Royal  Irish  Academy  is  not  an  Educational  Institution 

like  those  with  which  the  functions  of  the  Science  and  Art 

Department  properly  connect  it,  but  a  learned  Society,  occu- 
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pylng  in  this  country  a  position  analogous  to  that  of  the  Eoyal 

Society  in  England,  and,  in  Scotland,  of  the  Eoyal  Society  of 

EdinburghL.  We  feel  bound  to  maintain  it  on  the  same  level  of 

dignity  with  those  bodies,  and  not  to  accept  for  it  a  subordina- 
tion which,  we  doubt  not,  they  would  repudiate  as  unbecoming 

their  position.  Those  distinguished  Societies  have  not  been 

placed  under  the  financial  or  other  control  of  the  Science  and  Art 

Department ;  and  when  the  step  has  been  taken  in  relation  to 

them,  it  will  be  time  enough,  we  submit,  to  propose  it  to  us. 

"That  a  control  exercised  by  the  Department  over  the 
Academy  in  monetary  matters  would  extend  to  the  scientific 

and  literary  sphere,  we  have  no  doubt ;  and  we  believe  the 

Department  to  be  entii'ely  unfitted  to  exercise  any  such 
authority  over  the  proceedings  of  a  body  like  the  Academy. 

' '  The  Irish.  Government  is  the  natural  guardian  of  the 
rights  of  the  body  which  is  the  chief  representative  of  Science 

and  learned  research  in  Ireland.  It  is  likely  to  be  better  in- 
formed than  any  other  on  our  position,  our  deserts,  and  our 

requirements.  Our  connexion  with  it  has  worked  in  a  per- 
fectly satisfactory  manner.  That  this  connexion  should  be 

terminated,  and  the  charge  of  our  grant  transferred  to  a  Body 

in  London,  appears  to  us  an  unnecessary  disturbance  of  re- 
lations which  were  not  complained  of.  To  quote  words  used  by 

the  Academy  in  1862,  when  deprecating  a  similar  attempt, 

such  an  innovation  would  '  compromise  the  honour  and  in- 

terests of  an  important  Ds'ational  Institution,  for  an  alleged 
official  convenience  of  the  most  inconsiderable  kind.' 

"'We  find  it  difficult  to  believe  that  the  distinguished 
nobleman  who  noAV  presides  over  the  Irish  Government  could 

have  consented  to  the  transfer  of  the  charge  of  the  Academy's 

vote,'  if  His  Grace  had  been  aware  of  the  unreality  of  the 
reasons  assigned  for  the  change.  And  we  are  confirmed  in 

this  opinion  by  the  fact  that  His  Grace  has  lately  marked  his 

confidence  in  the  Academy  by  requesting,  without  any  appli- 
cation from  us  to  that  effect,  that  we  would  undertake  the 

editing  of  certain  Irish  Annals,  the  publication  of  which  was 

considered  by  His  Grace  important,  but  has  been  suspended  by 

the  untoward  action  now  complained  of. 
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'■■  It  is  not  agreeable  to  this  Academy,  nor,  we  make  bold  to 

add,  to  this  JS'ation,  that  the  functions  of  superintendence  and 
control  of  Irish  affairs  still  left  in  the  hands  of  Her  Jlajesty's 
Irish  Government  should  be  one  by  one  taken  from  it,  and 

transferred  to  English  authorities.  And  •  the  question  will 
inevitably  be  raised  by  the  present  transaction,  whether  Her 

ilajesty's  Government  did  not,  in  1868,  exercise  a  wise  judg- 
ment in  deciding  '  to  constitute  a  separate  Department  of 

Science  and  Aii;  for  Ireland,'  which,  as  stated  by  Mr.  Vard 
Hunt,  then  Chancellor  of  the  Exchequer,  should  be  '  a  sister 

to,  and  not  subordinate  to,  the  English  establishment.' 

"  It  is  not  alleged  that  there  is  anything  in  our  present 
state  or  recent  proceedings  to  supply  a  motive  for  interference 

with  us.  jS"ever  has  the  work  of  the  Academy  been  carried  on 
with  greater  energy  or  industry  than  at  present.  All  its 

Departments  are  in  a  state  of  healthy  activity.  In  addition  to 

its  former  operations,  by  the  aid  of  the  increased  grants  which 

it  has  of  late  enjoyed,  it  has  stimulated  and  aided  original 

scientific  research,  and  is  multiplying,  for  the  benefit  of 

scholars  at  home  and  abroad,  copies  of  the  most  valuable  Celtic 

Manuscripts.  It  cannot  be  alleged  that  there  is  any  misuse  or 

want  of  cii'cumspection  in  applying  the  funds  placed  at  its  dis- 
posal by  the  bounty  of  Parliament.  Why,  then,  should  a  change 

be  made  in  its  position,  offensive  to  its  llembers,  and  danger- 
ous to  its  public  usefulness  ? 

''The  Academy  depends,  for  its  reputation  among  the 
learned  Societies  of  the  world,  and  for  its  beneficial  influence 

nt  home,  without  which  it  had  better  cease  to  exist,  on  the 

voluntary  researches  and  unpaid  personal  services  of  its  Mem- 
bers. Such  helps  to  learning  do  not  flourish  except  under  the 

conditions  of  conscious  independence,  and  a  continuing  sense  of 

security ;  and  we  are  convinced  that  the  change  against  which 

we  protest  would,  if  carried  out,  be,  in  a  great  degree,  destruc- 
tive of  the  higher  motives  to  scientific  and  literary  exertion  in 

this  pai't  of  Her  Majesty's  dominions. 

' '  Signed  on  bcJialf  of  the  Council, 

"'W.  Stokes,  Presidenty 
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Their  Excellencies  received  the  Deputation  very  gracionsly,  and 

conveyed  to  those  present  the  impression  that  the  views  submitted 

were  looked  upon  favourably  by  their  Excellencies. 

About  this  stage  of  the  negotiations  a  sum  of  £500,  portion  of 

the  £2000  voted  to  the  Academy  by  Parliament  (in  addition  to  £500 

already  received  through  the  usual  channel)  was  placed,  unasked  for, 

to  the  credit  of  the  Academy  by  the  Paymaster-General,  and  sub- 

sequently we  received  an  intimation  that  it  had  been  issued  by  the 

Science  and  Art  Department. 

]!^o  reply  to  our  communications,  however,  was  received  for  some 

months,  and  the  Council  became  apprehensive  that  it  would  be  neces- 

sary for  them,  in  order  to  meet  the  urgent  requirements  of  the 

Academy,  to  have  recourse  to  its  funded  capital,  under  the  authority 

received  from  the  Academy,  authorizing  them,  if  necessary,  to  sell  a  por- 

tion of  its  invested  property.  Before,  however,  taking  so  serious  a  step, 

it  was  thought  advisable  to  apply  to  the  Bank  of  Ireland  for  permission 

to  overdraw  to  the  extent  of  £500.  The  Council  think  it  right  to 

acknowledge  the  prompt  and  liberal  manner  in  which  this  request 

was  granted  by  the  Governor'of  the  Bank.  ̂ 
An  intimation  having  been  received  from  the  Chief  Secretary,  that 

he  desired  a  conference  on  the  subject  at  issue  between  the  Govern- 
ment and  the  Academy,  the  Secretary  of  Council  had  interviews 

with  him,  which  resulted  in  the  adoption  by  the  Council,  on  the  4th 

of  December,  1876,  of  the  following  Eesolution  : — 

' '  That  the  Council  is  prepared  to  re-open  negotiations  for  the 
transfer  of  its  Museum  to  the  new  establishment  in  Dublin,  contem- 

plated by  the  Government,  on  the  following  basis,  viz. : — That  after 

such  transfer,  if  it  should  be  agreed  upon,  the  part  of  the  Academy's 
grant  given  for  the  care  and  maintenance  of  the  Museum  shall  be  ac- 

counted for  by  the  Department  of  Science  and  Art,  the  Academy 
retaining  the  same  amount  of  control  over  the  management  of  its 

collection  as  is  enjoyed  in  a  similar  case  by  the  Scottish  Society 

of  Antiquaries,  and  due  provision  being  made  for  its  preservation 

in  its  integrity  as  a  National  collection  in  Dublin,  whilst  the  rest  of 

the  Academy's  grant  shall  remain  on  its  present  footing,  and  shall 
continue  to  be  accounted  for  as  heretofore  by  the  Chief  Secretary  for 

Ireland." 
On  the  appearance  of  the  Civil  Service  Estimates  for  1877-8,  early 
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last  month,  it  was  found  that  the  Academy's  Parliamentary  Grant  no 
longer  appeared  amongst  the  Irish  votes,  but  under  those  to  be 

accounted  for  by  the  Science  and  Art  Department. 

It  was,  therefore,  all  the  more  gratifying  to  the  Council  to  receive 

immediately  afterwards  the  Letters  which  it  now  hastens  to  com- 

municate to  the  Academy.  They  are,  for  convenience,  arranged  in 
chronological  order. 

[1.] 

"  Science  and  Aet  Department, 

"  South  Kensington,  S.W., 
''WiFelruary,  1877. 

"  Sm, 

"  The  Lords  of  the  Committee  of  Council  on  Education  have  given 

their  careful  consideration  to  Sir  Michael  Hicks  Beach's  letter,  dated 
7th  November,  1876,  to  the  Secretary  of  the  Treasury,  on  the  subject 

of  the  re-transfer  of  the  vote  for  the  Eoyal  Irish  Academy  to  the  Irish 

Government,  which  was  forwarded  by  Mr.  Law  to  this  Department 
on  the  16th  November. 

' '  I  am  to  request  that  you  will  inform  the  Lords  Commissioners 

of  Her  Majesty's  Treasury,  that  the  Lords  of  the  Committee  of  Council 
on  Education  are  glad  to  find  that  the  general  scope  of  the  proposals 

of  the  Eoyal  Irish  Academy,  as  they  anticipated  would  be  the  case,  is 

not  inconsistent  with  their  views  as  expressed  in  my  letter  of  the  8th 

Eebruary,  1876. 

"It  is  hardly  necessary  to  remind  their  Lordships  that  the  scheme 

proposed  in  that  letter  was  always  considered  to  be  open  to  such  modi- 

fications in  details  as  might  appear  to  be  desirable,  after  the  Govern- 

ment had  had  the  advantage  of  hearing  the  criticisms  upon  it  of  those 

gentlemen  in  Ireland  who,  from  their  knowledge  and  experience, 

have  a  just  influence  in  such  matters,  provided  always  that  the  modi- 
fications did  not  interfere  with  the  ultimate  success  of  the  great  object 

which  Her  Majesty's  Government  had  in  view,  namely,  the  establish- 

ment in  Dublin  of  a  comprehensive  ]S"ational  Museum  of  Science  and 
Art,  which  has  been  generally  desired  for  many  years. 
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"My  Lords  are,  therefore,  prepared  to  accede  to  the  suggestion  of 
the  Eoyal  Irish  Academy,  that  the  same  course  should  he  taken  re- 

specting the  collection  of  the  Academy  as  that  which  was  adopted  by 

the  Treasury  with  regard  to  that  of  the  Society  of  Antiquaries  of 

Scotland.  Their  Lordships  might  not  unreasonably  have  demurred  to 

placing  the  E,oyal  Irish  Academy  in  a  similar  position  to  the  Society 
of  Antiquaries  of  Scotland,  inasmuch  as  the  collections  of  the  latter 

were  all  acquired  by  private  funds,  whereas  a  large  proportion  of 
those  of  the  Eoyal  Irish  Academy  have  been  purchased  out  of  funds 

provided  by  Parliament ;  but  My  Lords  are  willing  to  waive  these  con- 

siderations, so  as  to  consult,  as  far  as  possible,  the  wishes  of  the  Eoyal 
Irish  Academy,  and  they  propose  to  follow  closely  the  precedent  of 

the  Treasury  minute  of  1851,  respecting  the  Scotch  Society,  only  in- 

troducing such  modifications  as  are  absolutely  required  by  the  different 
circumstances  of  the  two  cases. 

*'  My  Lords,  therefore,  desire  to  call  the  attention  of  the  Lords 
Commissioners  of  the  Treasury  to  the  appended  copy  of  a  minute  (in 

which  the  necessary  alterations  are  shown  in  red  ink)  as  embodying 
the  conditions  under  which  the  Lords  of  the  Committee  of  Council  on 

Education  are  of  opinion  that  the  proposals  of  the  Eoyal  Irish  Academy 
should  be  accepted. 

"  On  receipt  of  a  resolution  of  the  Academy  accepting  the  con- 
ditions appended,  and  undertaking  to  transfer  their  collections  to  the 

new  Science  and  Art  Museum,  as  soon  as  the  building  is  ready  to 
receive  them,  My  Lords  will  be  prepared  to  recommend  to  the  Lords 

Commissioners  of  Her  Majesty's  Treasury  that  the  votes  now  taken 
for  the  Eoyal  Irish  Academy  shall  be  re-transferred  to  the  Irish  Govern- 

ment, it  being  understood  that  the  votes  now  taken  for  Museum  pur- 
poses by  the  Eoyal  Irish  Academy  shall  cease  as  soon  as  the  Science 

and  Art  Museum  is  ready  to  receive  their  collections. 
"  I  have,  &c., 

"  (Signed),  Sandoit. 
"The  Seceetaey 

"  To    THE    TkEASTJEY." 

"  Conditions. 

"1.  The  entire  collection  of  antiquities,  coins,  and  medals,  be-. 
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longing  to  the  Eoyal  Irish  Academy,  with  such  additions 

as  may  be'hereafter  made  to  them,  and  the  cabinets,  glass 
cases,  &c.,  in  which  they  are  contained,  to  be  conveyed  to 
the  Lords  of  the  Committee  of  Council  on  Education,  to  be 

retained  in  Ireland  on  behalf  of  the  public. 

"  2.  Pit  and  proper  accommodation  to  be  at  all  times  provided  in  a 
public  building  for  the  preservation  and  exhibition  to  the 

public  of  the  collection  of  antiquities,  and  for  the  meetings 

of  the  Royal  Irish  Academy ;  but  no  stipulation  can  be 

entered  into  permanently  to  appropriate  particular  apart- 

ments in  the  new  Museum  building  to  these  objects. 

''  3.  The  charge  and  custody  of  the  collection  of  antiquities  to  be 
entrusted  to  the  Royal  Irish  Academy,  subject  to  such 

regulations  and  special  directions  as  may  from  time  to  time 

be  prescribed  by  the  Lords  of  the  Committee  of  Council  on 
Education, 

*' 4.  The  funds  required  to  alter  and  adapt  the  apartments  in  the 
Science  and  Art  Museum  for  the  reception  of  the  collection, 

to  furnish  the  requisite  means  for  the  preservation  and  ex- 
hibition of  the  Museum,  and  to  pay  the  salaries  of  additional 

servants,  to  be  provided  by  the  Lords  of  the  Committee  of 

Council  on  Education,  by  an  estimate  to  be  submitted  to 
Parliament. 

"My  Lords  are  of  opinion  that  it  would  not  be  conducive  to  the 
object  which  all  parties  have  in  view,  in  making  this 

arrangement,  that  express  stipulations  should  be  entered  in- 
to with  the  Royal  Irish  Academy  on  detailed  points  of 

management;  but  the  Members  of  that  Society  may  rest 

assured  that  it  will  be  the  desire  of  the  Lords  of  the  Com- 

mittee of  Council  on  Education  so  to  exercise  the  general 

control  which  they  must  retain  over  all  collections  exhibited 

at  the  public  expense  as  to  leave  the  Royal  Irish  Academy 

as  unfettered  in  the  charge  and  management  of  the  Museum 

as  circumstances  will  allow." 

[The   alterations  shown  in  red  ink  in  the  original  are 

underlined  above.] 
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[2.] 
''  Teeastjet  Chambers, 

''nth  February,  1877. ''SlE, 

"I  am  directed  by  the  Lords  Commissioners  of  Her  Majesty's 
Treasury  to  transmit  to  you  herewith  copy  of  a  letter  of  the  8th  inst. 

from  the  Science  and  Art  Department,  and  of  the  enclosure  therein, 

on  tha  subject  of  the  re-transfer  to  your  Department  of  the  vote  for 
the  Eoyal  Irish  Academy;  and  I  am  to  state,  that  if  the  proposal 

now  made  meets  with  the  approval  of  His  Grace  the  Lord  Lieutenant, 

My  Lords  should  not  feel  called  upon  to  make  any  objection  to  it. 
"J.  am,  Sir, 

"  Tour  obedient  Servant, 

"  The  Eight  Hoif.  "  ̂Y.  H.  Smith. 

"  Sm  M.  Hicks  Beach,  Bart.,  M.  P." 

[3.] 

"Dublin  Castle, 

''2Qth  Felruary,  1877.    ' ''  SlE, 

* '  Adverting  to  former  correspondence  relative  to  the  transfer  of 
the  antiquarian  collections  commonly  known  as  the  Museum  of  the 

Eoyal  Irish  Academy,  ta  the  National  Science  and  Art  Museum, 

which  it  is  proposed  to  establish  in  Dublin ;  and  also  to  the  transfer  of 

the  charge  of  the  vote  for  the  Eoyal  Irish  Academy  to  the  Science 

and  Art  Department,  I  am  directed  by  the  Lord  Lieutenant  to  ac- 
quaint you,  for  the  information  of  the  Eoyal  Irish  Academy,  that  His 

Grace  has  been  in  communication  with  the  Lords  Commissioners  of 

Her  Majesty's  Treasury  and  the  Science  and  Art  Department  on  tlie 
subject,  with  the  view  of  devising  such  modifications  in  detail  of  the 

original  scheme  proposed  in  Lord  Sandon's  communication  of  the 
9th  Pebruary,  1876,  directed  to  the  President  of  the  Academy,  as, 

while  not  interfering  with  the  establishment  in  Dublin  of  a  compre- 
hensive National  Museum  of  Science  and  Art,  would  at  the  same  time 

meet  the  objections  entertained  by  the  Members  of  the  Eoyal  Irish 

Academy  to  the  original  scheme,  and   also  to   the  transfer   of   the 

U.  I.  ACADEMY  MINUTES,  SESSION  1876-7.  ^ 
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charge  of  their  vote  from  the  Lord  Lieutenant  to  the  Science  and  Art 

Department. 

"  His  Grace  desires  me  to  transmit  herewith  a  copy  of  a  letter 
dated  l7th  instant,  received  from  the  Treasury,  together  with  a  copy 

of  a  letter  enclosed  therein  from  the  Science  and  Art  Department,  and 

in  which  a  modified  scheme  is  proposed. 

"His  Grace  feels  assured  that  the  Academy  will  receive  this  pro- 
posal in  the  same  friendly  spirit  in  which  it  is  made,  and  he  confi- 

dently trusts  that  it  will  meet  with  their  approval. 
"  I  am,  Sir, 

"Your  obedient  Servant, 
"  T.  H.  Btoke. 

"  The  Secret aut, 

"  EoTAL  Irish  Academy." 

It  is  to  be  observed  that  whilst  the  Government  has,  on  the  one 

hand,  stipulated  for  certain  conditions,  which,  rmitatis  mutandis,  are 

identical  with  those  to  which  the  Society  of  Antiquaries  of  Scotland 

readily  assented,  on  the  other  hand,  in  deciding  "  that  the  proposals  of 

the  Academy  should  be  accepted,"  Government  has  conceded  the  con- 
ditions sought  by  the  Academy,  not  only  as  regards  the  re-transfer  of 

its  vote  to  the  charge  of  the  Irish  Government,  but  also  as  to  the 

future  provision  for  the  maintenance  and  augmentation  of  the  Museum, 

and  its  preservation  in  Dublin  as  a  Museum  of  our  ]S"ational  Antiqui- 
ties, distinct  from  other  collections,  and  under  the  care  and  manage- 

ment of  the  Academy. 

The  Council,  being  of  opinion  that  the  Government  has  virtually 

agreed  to  all  that  was  sought  for  by  the  Academy,  either  in  its  own 
interest  or  for  the  benefit  of  the  Irish  public,  have  no  hesitation  in 

advising  the  Academy  cordially  to  accept  the  terms  proposed  by  the 

Government,  and  they  recommend  the  Academy  to  authorize  the 

Council  to  take  all  steps  necessary  to  bring  the  negotiations  to  a  close. 

The  Secretary  of  the  Council  moved  the  adoption  of  the  Report. 

It  was  moved,  as  an  amendment,  by  George  Sigerson,  M.  D.,  and 

seconded  by  James  John  Kelly,  Esq. : — 

„..^ 



(     elxxv     ) 

"  That  it  be  referred  back  to  Council  to  report  that,  as  to  para- 

graph 3,  they  do  not  recommend  the  Academy  to  accept  that  condi- 

tion, unless  the  words,  '  unless  the  Academy  object  to  any  particular 

rule  or  regulation,'  be  added  thereto." 

The  proposer  and  seconder  of  the  foregoing  amendment,  by  permis- 
sion of  the  Academy,  having  withdrawn  it,  the  Report  was  adopted. 

It  was  moved  by  J.  Kells  Ingram,  LL.D.,  seconded  by  Sir  Robert 

Kane,  F.  E.  S.,  and  Resolved  unanimously — 

"That  the  Academy,  accepting  the  conditions  set  forth  in  the 
letter  of  Lord  Sandon  (of  February  8,  1876),  recently  transmitted  by 

the  Irish  Government,  undertakes  to  transfer  its  lluseum  to  the  pro- 
posed National  Museum  of  Science  and  Art  in  Dublin,  as  soon  as  the 

building  may  be  ready  to  receive  it ;  and  desires  at  the  same  time  to 

express  its  sense  of  the  considerate  manner  in  which  Her  Majesty's 

Oovemment  have  met  the  views  of  the  Academy." 

The  Academy  then  adjourned. 

Feidat  EvENnfG,   Makch  16,  1877. 

(Stated  Meeting.) 

Samttel  Feegusox,  LL.D.,  Vice-President,  in  the  Chair. 

On  the  proposition  of  the  Chairman, 

It  was  Resolved — 

"  That  Bye-law  4  of  Chapter  IX.  be  for  the  present  suspended." — 
Visitors  were  then  admitted. 

The  Secretary  of  the  Council  read  the  following  letter  from  the 

President : — 

''5,  Meeeion-sqtjaee,  Noeth,  Dublin", 
''March,  Uth  1877. 

"  Mt  deae  Ee.  Ingeam, 

"  I  am  compelled  by  the  state  of  my  health  to  ask  you  to 
announce  at  the  Stated  Meeting  that  it  is  my  desire  to  retire  from  the 

office  of  President  of  the  Academy,  which  I  have  always  held  to  have 

been  the  greatest  honour  of  my  public  life. 
X  2 
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"I  beg  you  will  convey  to  all  the  Members  of  the  Academy  my 
feelings  of  gratitude,  and  my  earnest  thanks  for  the  distinction  they 

have  conferred  upon  me,  and  the  kindness  they  have  invariably 
shown  me  while  I  filled  the  office. 

"  Faithfully  and  gratefully  yours, 

(Signed)  "  William  Stoxes." 

It  was  moved  by  Lord  Talbot  de  Malahide,  and  seconded  by  Dr. 

Lyons,  and 

Ecsolved  unanimously  : — 

''That  the  Academy  receives  with  much  regret  the  announcement  of 
the  retirement  of  Dr.  Stokes  from  the  office  of  President ;  and  that 

the  Secretary  be  requested  to  convey  to  him  the  grateful  thanks  of  the 

Academy  for  the  eminent  services  rendered  by  him  in  its  behalf,  and  for 

his  dignified  and  zealous  discharge  of  his  functions  as  President  of 

the  Academy." 

It  was  proposed  by  James  Apjohn,  M.  D.,  P.  11.  S.,  and  seconded  by 

Alexander  G.  Richey,  LL.D  ; — 

"  That  Sir  Eobert  Kane,  P.  E.  S.,  «S:c.,  be  elected  President  of  the 

Academy." 

It  was  proposed  by  Eev.  J.  H.  Jellett,  B.  D.,  and  seconded  by 

Lord  Talbot  de  Malahide,  P.  E.  S.  :— 

"  That  the  Eev.  Samuel  Haughton,  P.  E.  S.,  &c.,  be  elected 

President  of  the  Academy." 

The  Ballots  for  President  and  Members  of  Council,  and  Officers^ 

and  for  an  Honorary  Member,  being  opened,  the  Chairman  appointed 

Eev.  Dr.  Carson  and  Dr.  M'Sweeny  Scrutineers  for  the  election  of 
President,  Council,  and  Officers ;  and  Mr.  Porte  and  Mr.  Gr.  C.  Grarnett 

Scrutineers  for  the  election  of  Honorary  Member. 

The  Secretary  of  Council  brought  up  the  following  Eeport  of  the 

Council  for  the  year  1876-77  : — 
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E.EPOKT  OP  THE  Co^J^^CIL  fok  the  Yeae  1876-7. 

Since  the  date  of  tlic  last  Eeport  of  the  Council,  the  following  Parts 

of  the  Transactions  have  been  published  : — 

In  the  department  of  Science  : — 

Yol.  XXYI. — Part  4.  On  w  Leonis,  considered  as  a  Eevolving 
Double  Star;  by  W.  Doberck,  Ph.  D. 

Yol.  XXYI. — Part  5.  Eeport  on  the  Exploration  of  Shandon 
Care ;  by  Professor  A.  Leith  Adams,  F.  E,.  S. 

Yol.  XXYI. — Part  6.  Eeport  on  the  Allotropism  of  Selenium, 
and  on  the  Influence  of  Light  on  the  Electrical  Conductivity  of  this 

Element;  by  Harry  X.  Draper,  F.  C.  S.,  and  E.  J.  Moss,  E.  C.  S. 

And  the  following  is  in  the  press  : — 

Yol.  XXYI. — Part  7.  Catalogue  of,  and  Observations  on,  the 
Bed  Stars  ;  by  John  Birmingham. 

In  the  department  of  Polite  Literature  and  Antiquities : — 

Yol.  XXYIL— Part  1.  On  the  Bell  of  St.  Patrick  ;  by  the  Yery 

Eev.  "William  Eeevcs,  D.  D.,  is  in  type  and  will  be  laid  on  the  table 
at  this  Meeting. 

Dr.  Whitley  Stokes'  Edition  of  the  Eelire  of  Oengns  is  still  in  pro- 
gress. The  entire  triple  text  and  translation  have  been  printed,  and 

the  Glossary  is  now  being  proceeded  with.  To  accelerate  the  comple- 
tion of  the  work,  the  Council  have  authorized  the  Editor,  at  his 

request,  to  have  the  Grlossary  printed  at  Calcutta,  care  being  taken  to 

make  it  harmonize  in  style  with  the  rest  of  the  volume. 

Dr.  William  K.  Sullivan's  Edition  of  the  Tain-bo-Cuailnge  is  also 

still  in  the  printer's  hands. 
Of  the  Science  portion  of  the  Xew  Series  of  our  Proceedings,  there 

have  been  published  within  the  year.  Part  6  of  Yol.  II.,  in  July,  1876, 

and  Part  7,  in  January  of  the  present  year  (1877.)  These  Parts  con- 

tained all  the  Science  Papers  (with  three  exceptions)  laid  before  the  Aca- 

demy in  the  Session  of  1875-6.  Part  12  of  Yol.  I.  (Second  Series), 
containing  papers  on  Polite  Literature  and  Antiquities,  will  very 

soon  be  ready  for  issue. 

Within  the  past  year,  papers  by  the  following  authors  were  read 

before  the  Academy  : — 

In  the  department  of  Science  : — by  Professor  E.  S.  Ball ;    Mr. 
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G.  H.  Kinahan;  Dr.  Doberck ;  Professor  J.  Emerson  Eeynolds;  Dt-. 
David  Moore;  Mr.  E.  T.  Hardman;  Professor  E.  Perceval  Wright ; 

Mr.  A.  G.  More  ;  Professor  Edmund  Davy ;  Eev.  J.  H.  Jellett ; 

Mr.  Harry  jS".  Draper  and  Mr.  Moss ;  Mr.  George  Porte ;  Professor 
J.  E.  Young ;  Dr.  Moss  ;  Mr.  John  Birmingham ;  Dr.  Samuel  Fergu- 

son; Mr.  A.  M'Alpine;  Professor  M'Nab;  Mr.  J.  Blackwall  and 
Eev.  0.  P.  Cambridge  ;  Mr.  F.  Ogilby  Eoss ;  Dr.  Chichester  Bell ; 

Mr.  H.  B.  Brady  ;  Mr.  C.  E.  Burton  ;  Professor  Henry  Hennessy; 

Mr.  J.  E.  L.  Dreyer,  and  Dr.  Angus  Smith. 

In  the  department  of  Polite  Literature  and  Antiquities  : — ^by  Mr. 

W.  E.  "Wakeman ;   Dr.  Samuel  Ferguson ;    and  Eev.  D.  H.  Haigh. 
Miss  Stokes,  Honorary  Member  of  the  Academy,  exhibited  at  one 

of  our  Meetings  a  splendid  series  of  photographs,  illustrative  of  Early 

Irish  Architecture,  and  accompanied  the  exhibition  with  a  communi- 
cation containing  a  description  of  the  structures  thus  represented,  and 

also  a  general  view  of  the  History  of  our  Architecture  down  to  the 

Anglo-Norman  invasion. 

The  Librarian  has  found  it  necessary  to  undertake  an  entire  re- 

arrangement of  the  Library.  All  books  'relating  to  Ireland  have 
been  brought  together  into  the  recesses  of  the  gallery  facing  the 

entrance.  Books  on  archoBological  matters  (in  the  widest  sense)  are 

being  gradually  transferred  to  the  Eeading-room,  in  which,  when  all 

are  collected,  it  is  intended  to  arrange  them  on  a  system  of  classifica- 
tion which  will  enable  readers  to  discover  at  once  the  literature  of 

each  subject  and  of  its  particular  branches,  so  far  as  it  is  contained  in 

the  Library.  The  foreign  reviews  and  other  periodicals  have  been 

collected  from  all  parts  of  the  Library,  and  placed  in  the  recesses  on 

the  north  side  of  the  room,  where  they  are  arranged  according  to  the 

countries  in  which  they  are  published. 

In  the  department  of  manuscripts,  we  have  to  report,  with  respect 
to  the  Edition  of  the  Book  of  Leinster,  which  we  have  undertaken 

with  the  assistance  of  the  Board  of  Trinity  College,  that  the  transcrip- 
tion has  been  continued  as  far  as  page  300,  and  that  280  pages  have 

been  already  printed  off.  It  is  expected  that  the  whole  of  the  work 

•will  be  completed  in  the  summer  of  1879. 
Dr.  Atkinson,  by  appointment  of  the  Academy,  appeared  as  its 

Delegate  at  the  International  Congress  of  Orientalists,  which  met  at 

St.  Petersburg  in  September,  1876. 
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Since  the  date  of  our  last  Report,  various  objects  of  interest  have 

been  added  to  the  Academy's  Museum.  Amongst  these  may  be 
specially  mentioned  portions  of  a  beautifully  carved  Harp,  bearing 

inscriptions  in  Irish,  and  the  date,  1621,  known  as  the  "  Dalway 

Harp;"  a  set  of  silver-mounted  ivory  Bag-pipes  of  the  middle  of  the 
last  century ;  and  an  ancient  Boat,  recently  found  in  the  County  of 

Galway — the  last  being  a  donation  from  the  Eev.  Sir  "William  Ross 
Mahon,  Bart. 

The  valuable  collection  of  Irish  antiquities  belonging  to  the  late 

Mr.  "Walsh  of  Dromore  has  also  been  purchased,  comprising  objects  in 
gold,  silver,  and  amber ;  weapons  and  other  articles  of  bronze,  flint, 

and  stone ;  wooden  utensils,  earthen  cinerary  urns,  &c.  All  these 

have  been  temporarily  deposited  in  wall-cases,  on  the  south  side  of  the 

Eeading-room  gallery.  The  arrangement  of  the  Museum  in  the  first 
floor  and  basement  continues  to  advance  with  systematic  regularity. 

Its  condition  is  now  eminently  satisfactory. 

The  decorative  painting  of  the  walls  and  ceilings  of  the  Long 

Room  has  just  been  completed  by  the  Board  of  Works,  and  a  consi- 
derable improvement  thus  effected  in  the  general  appearance  of  this 

part  of  the  Museum. 

The  Hand-book  for  Visitors  to  the  Museum,  intended  for  popular 
use,  which  was  announced  in  our  last  Report  as  in  preparation,  has 

since  been  published,  and  will,  we  trust,  contribute  to  a  more  general 

understanding  and  appreciation  of  our  antiquarian  collections — espe- 
cially by  such  of  the  working  classes  as  may  avail  themselves  of  the 

evening  opening. 

It  will  be  remembered  that  in  April,  1875,  the  Council  offered 

Two  Premiums  of  Fifty  Pounds  each  for  the  best  Reports  or  Essays 

on  the  present  state  of  the  Irish  Language  and  Literature  in  the  Pro- 
vinces of  Ulster  and  Leinster.  Three  Essays  were  sent  in  to  compete 

for  these  Premiums.  The  Council  were  not  of  opinion  that  any  of 

these  Essays  was  of  a  nature  to  deserve  the  full  award  of  a  Premium. 

But  the  knowledge  and  industry  displayed  by  one  of  the  writers,  Mr. 

Francis  Keane,  seemed  to  entitle  him  to  a  substantial  mark  of  consi- 

deration, and  they  accordingly  presented  to  him  a  sum  of  Twenty 

Pounds  as  an  honorary  donation. 

The  most  important  part  of  the  work  of  the  Council  during  the 

past  year  consisted   of  the  negotiations   and  other  proceedings  ren- 
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dered  necessary  by  tlie  unsettled  state  of  the  relations  between  tbe 

Government  and  tbe  Academy.  A  detailed  account  of  these  has 

already  been  laid  before  the  Members,  and  they  are  therefore  not 

dealt  with  in  the  present  Report.  Prom  the  resolution  of  the  Aca- 

demy not  to  acquiesce  in  the  transfer  of  the  charge  of  its  vote  from 

the  Irish  Government  to  the  Science  and  Art  Department,  it  resulted 

that  a  large  portion  of  the  Parliamentary  Yote  did  not  reach  us  in 

time  to  be  applied  to  the  objects  to  which  it  would,  in  the  ordinary 

course,  have  been  devoted.  "We  were  thus  obliged  to  defer  proceed- 
ing with  the  printing  of  the  "  Annals  of  Ulster,"  though  the  publica- 

tion of  that  work  had  been  undertaken  by  us  at  the  instance  of  the  late 
Lord  Lieutenant  of  Ireland.  To  the  same  cause  it  is  due  that  we  were  not 

able  until  near  the  end  of  the  past  year  to  distribute  the  fund  annually 

placed  at  our  disposal  by  Parliament  for  aiding  Scientific  Research 

by  providing  suitable  instruments  and  materials.  While  constrained 

to  exercise  a  cautious  reserve  with  respect  to  these  items  of  our  expendi- 
ture, we  endeavoured,  as  far  as  possible,  to  prevent  what  we  regard 

as  the  most  important  part  of  the  Academy's  work — namely,  the 
printing  of  Papers  read  before  us — from  being  seriously  obstructed  by 
the  temporary  failure  of  our  supplies.  Now  that  a  satisfactory  solu- 

tion has  been  arrived  at  of  the  questions  so  long  at  issue  between  the 

Academy  and  the  Government,  the  Papers  read  since  November  last 

will  speedily  be  published,  and  it  may  be  confidently  expected  that 

every  branch  of  our  operations  will  proceed  with  renewed  energy  and 

efficiency. 

The  grants  in  aid  of  the  preparation  of  Scientific. Reports,  recom- 
mended by  the  Committee  of  Science,  approved  by  the  Council,  and 

now  submitted  for  the  sanction  of  the  Academy,  are  as  follows  : — 
£50  to  Rev.  Professor  Haughton,  M.  D.,  for  Reports  on  the  Tidal 

Constants  of  the  Irish  Coast ;  being  the  second  instalment  of  the  sum 

of  £100  required  for  the  expenses  of  calculations. 

£10  to  Dr.  C.  Bell  for  further  Experiments  on  Pyrrol. 

£50  to  Dr.  R.  S.  Ball  towards  the  expenses  to  be  incurred  in  the 

reduction  of  the  recorded  Observations  of  Jupiter's  Satellites,  pre- 
paratory to  a  re-discussion  of  their  Theory. 

£25  to  Dr.  Reynolds  and  Rev.  Professor  Haughton,  M.  D.,  for 

Experiments  on  the  Dynamical  Coefficients  of  Priction,  at  low 
velocities,  between  fluids  and  solids. 
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£25  to  Eev.  J.  H.  Jellctt,  B.  D.,  for  Experiments  on  the  action  of 

a  Galvanic  current  on  a  beam  of  polarized  light. 

£40  to  Dr.  E.  P.  AVright,  towards  defraying  the  expenses  of  obtain- 

ing a  series  of  di'awings  of  some  of  the  lower  Algse — the  drawings  to 
be  the  property  of  the  Academy. 

The  Council  have  addressed  to  the  Commissioners  of  Church  Tem- 

poralities a  request  that  they  will,  so  far  as  they  are  empowered  by 
the  Irish  Church  Act  of  1869,  cause  all  the  Ecclesiastical  E,ound 

Towers  to  be  treated  as  I^ational  Monuments  ;  and,  further,  that  they 

will  take  steps  to  have  the  buildings  at  Clonmacnoise,  including  the 

Tower,  placed  in  charge  of  the  Board  of  Works,  and  revested,  so  as 

to  come  within  the  operation  of  the  Act.  We  have  reason  to  believe 

that  this  representation  will  be  attended  with  satisfactory  results. 

Fourteen  Ordinary  Members  have  been  elected  since  the  16th  of 

March,  1876,  viz.  :— 

1.  Michael  F.  Coxe,  M.  D. 

2.  Francis  E.  Clarke,  M.  D. 

3.  Eev.  John  Grainger,  D.  D. 

4.  Rev.  William  Mcllwaine,  D.  D. 

5.  Walter  Meyers. 

6.  G.  Gerald  Tyrrell. 

7.  AVilliam  H.  Byrne. 

8.  William  Gillespie. 

9.  James  Edward  Kelly,  M.  D. 

10.  Rev.  Richard  Travers  Smith,  B.  D. 

1 1 .  Harry  IS^.  Draper. 12.  The  Earl  of  Leitrim. 

13.  Marriott  R.  Dalway,  M.  P. 
14.  Rev.  Hill  Wilson  White. 

We  have  lost  by  death  within  the  year  one  Honorary  Member — 

The  Abbe  Jean  Benoit  Desire  Cochet,  elected  in  1863  ; 

and  nine  Ordinary  Members,  viz.  : — 

1.  Rev.  J.  Bewglas,  elected  January  8,  1849. 

2.  Edward  Bewley,  elected  December  11,  1843. 

3.  Adolphus  Cooke,  elected  June  9,  1845. 

4.  Sir  John  Esmonde,  Bart.,  elected  January  10,  1870. 
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5.  The  Yen.  P.  Goold,  elected  June  14,  1858. 

6.  J.  H.  Pickford,  elected  December  11,  1843. 

7.  Colonel  Meadows  Taylor,  elected  January  12,  1863. 
8.  Sir  William  E.  Wilde,  elected  June  10,  1839. 

9.  Eobert  Wilson,  elected  June  10,  1849. 

One  of  these  names,  that  of  Sir  William  Wilde,  will  always  be 

honourably  associated  with  the  work  of  the  Eoyal  Irish  Academy ; 

and  a  few  words  must  here  be  said  of  the  great  services  he  ren- 

dered to  Irish  ArchiBology,  and  the  labours  which  entitled  him  in 

an  eminent  degree  to  our  grateful  remembrance.  Prom  his  early 

years  a  devoted  student  of  the  history  and  antiquities  of  our 

country,  he  became  in  after-life  an  earnest  disciple  of  the 
school  which,  discarding  the  fanciful  doctrines  and  vicious  modes 

of  inquiry  which  had  so  long  disfigured  and  discredited  Irish 

archaeological  study,  proposed  to  itself  to  subject  researches  of  this 

kind  to  the  rigorous  discipline  of  scientific  method.  Placing  before 
himself  the  idea  that  in  our  Museum  were  to  be  found  some  of  the 

most  precious  materials  for  the  social  palaeontology  of  our  country — 
for  the  study  of  its  primitive  races,  their  ideas,  manners  and  mode  of 

life — he  applied  himself  to  the  classification  and  cataloguing  of  its 
contents,  with  the  double  view  of  assisting  the  systematic  inquirer  and 

enlightening  the  general  mind  of  our  people  on  these  subjects.  Not 

only  did  he  prepare  himself  for  this  task  by  a  lengthened  and  minute 

study  of  the  collection  itself,  but,  while  the  work  was  in  progress,  he 

visited  the  principal  Museums  of  jSTorthel-n  Europe,  in  order  to  ac- 
quaint himself  by  personal  inspection  with  the  analogies  and  relations 

■which  connect  Irish  pre-historic  remains  with  those  of  Scandinavia. 
This  indicates  an  important  feature  in  the  spirit  which  characterized 

his  researches,  namely,  the  habitual  application,  in  this  field  of 

inquiry,  of  the  comparative  method  which  is  now  universally  acknow- 
ledged to  be  one  of  the  most  effective  instruments  in  the  study  of 

archaeology  and  the  early  history  of  mankind.  He  completed  the 

Catalogue  of  the  gold,  copper  and  bronze  articles  in  our  Museum,  and 

of  the  objects  composed  of  stone,  earthen,  vegetable,  or  animal  mate- 
rials ;  and  these  portions  of  the  work  have  since  been  the  constant 

companions  and  guides  of  all  who  have  wished  to  derive  profit  from 

an  examination  of  our  antiquarian  treasures. 

In  the  transfer  of  our  collection  to  a  new  place  in  our  premises, 
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rendered  necessary  by  the  growing  requirements  of  the  Museum, 

the  order  of  his  arrangements  has  been  scrupulously  preserved  ;  and, 

by  a  system  of  key-reference  adopted  in  the  re-deposit,  the  connexion 

of  each  article  with  its  description  in  the  Catalogue  has  been  main- 
tained unbroken. 

The  labours  of  Sir  William  TVilde  were  not  restricted  to  the  field 

of  antiquarian  study.  His  "I^arrative  of  a  Voyage  to  Madeira,"  his 

work  on  Austria,  his  "  Popular  S.uperstitions  of  Ireland,"  his  "  Closing 

Years  of  Dean  Swift's  Life,"  and  his  works  on  Irish  Topography — 
so  abounding  in  local  and  traditional  knowledge,  and  so  marked  by 
genial  appreciation  both  of  the  national  character  and  of  the  beauties 

of  the  scenes  described — all  these  are  Kterary  works  of  distinguished 
merit ;  whilst  his  professional  writings,  of  which  his  Treatises  on 

Aural  Surgery  may  be  specially  mentioned,  and  his  Reports  con- 
tributed to  the  volumes  of  the  Irish  Census,  give  him  an  honourable 

place  in  the  domain  of  Science. 

Of  his  practical  exertions  for  the  benefit  of  his  profession,  or  the 

good  of  his  fellow-countrymen  generally,  this  is  not  the  fitting  occasion 
to  speak ;  nor  of  the  kindly  spirit  and  attractive  social  qualities  which 

won  for  him  a  large  circle  of  admiring  friends. 

Yarious  honorary  titles  and  decorations  were  conferred  upon  him 

in  recognition  of  his  public  services.  He  received  a  Diploma  from 

the  University  of  Upsala,  and  was  elected  an  Honorary  Member 

of  the  Society  of  Antiquaries  of  Berlin.  He  was  also  presented 

with  a  decoration  of  the  Order  of  the  Polar  Star,  thus  becoming 

a  Chevalier  of  the  Kingdom  of  Sweden.  He  received  the  honour 

of  Knighthood  in  acknowledgment  of  his  services  to  Statistical 
Science  in  connexion  with  the  Irish  Census.  The  Board  of 

Trinity  College  conferred  on  him  the  Degree  of  M.  D.,  honoris 

causd.  And  this  Academy,  by  presenting  to  him  the  Cunningham 

Medal,  the  highest  special  mark  of  distinction  in  its  power  to 

bestow,  expressed  its  grateful  sense  of  the  service  rendered  to 

Scientific  Archseology  in  general,  and  to  our  body  in  particular,  by 

his  Catalogue  of  the  Museum. 

A  brief  tribute  should  also  here  be  paid  to  the  memory  of  Colonel 

Meadows  Taylor.  Endowed  with  talents  of  a  high  order,  and 

gifted  with  indefatigable  industry,  he  some  fifty  years  since  left 

Ireland  for  Bombay,  as  a  clerk  in  a  mercantile  house.     On  his  arrival 
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at  Ms  destination  the  house  had  failed,  and  the  young  adventurer's 
prospects  were  at  an  end.  He  soon,  however,  obtained  a  commission 

in  the  service  of  His  Highness  the  Kizam,  to  whom  he  remained 

devotedly  attached  throughout  his  whole  career.  Exchanging  his 

military  for  a  civil  appointment,  he  acquired  an  extensive  knowledge 

of  the  people  and  languages  of  southern  India ;  and  as  Judge, 

engineer,  artist,  and  man  of  letters,  he  studied  the  laws,  antiquities, 

geological  features  and  literature  of  the  countiy.  In  1850  he  was 

appointed  to  administer,  during  a  long  minority,  the  principality 

of  the  young  Rajah  of  Shorapore,  and  during  the  mutiny  in  India  he 

was  ahle  to  hold  his  ground  without  requiring  any  militaiy  aid.  His 

merits  were  highly  appreciated  hy  the  British  Grovemment,  and  on  his 
retirement  from  service  he  received  from  Her  ̂ Majesty  the  honour  of 

being  made  a  Companion  of  the  Star  of  India.  His  thorough  know- 
ledge and  sympathetic  appreciation  of  the  ideas  and  manners  of  the 

native  races  of  India  were  exhibited  in  several  able  and  successful 

works  of  fiction,  the  scene  of  which  was  laid  in  that  country. 

Our  Transactions  and  Proceedings  contain  several  valuable  contribu- 

tions fi'om  his  pen,  amongst  which  may  be  named  "a  Catalogue 

of  Indian  Musical  Instmments,"  "  Description  of  the  Contents  of  a 

Cairn  at  Hyat  i^uggur  in  the  Dekhan;"  and  "a  Description  of 

Cairns,  Cromlechs,  Kistvaens,  and  other  Monuments  in  the  Dekhan." 
In  the  numerous  illustrations,  from  his  original  sketches,  which 

accompany  the  last-mentioned  memoii",  there  is  evidence  of  his  well- 
known  artistic  powers.  Those  who  had  the  pleasure  of  knowing 

Colonel  Taylor  will  long  retain  the  impression  made  on  them  by  the 

combined  earnestness  and  gentleness  of  his  character,  and  the  singular 

charm  of  his  conversation  and  manners.  He  was  for  several  years  a 

Member  of  the  Council  of  the  Academy. 

The  Report  was  adopted. 

The  following  Grants,  recommended  by  the  Council  out  of  the 

Parliamentary  Grant  for  the  preparation  of  Scientific  Pteports,  were 

adopted  : — 
£50  to  Rev.  Professor  Haughton,  M.  D.,  for  Reports  on  the  Tidal 

Constants  of  the  Irish  Coast ;  being  the  second  instalment  of  the  sum 

of  £100  required  for  the  expenses  of  calculations. 

£10  to  Dr.  C.  Bell  for  further  Experiments  on  Pyrrol. 
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£50  to  Dr.  E.  S.  Ball  to"^ards  the  expenses  to  be  incurrecl  in  the 

reduction  of  the  recorded  Observations  of  Jupiter's  Satellites,  prepara- 
tory to  a  re-discussion  of  their  Theory. 

£•25  to  Dr.  Eeynolds  and  Eev.  Professor  Haughton,  M.  D.,  for 

Experiments  on  the  Dynamical  Coefficients  of  Friction,  at  low  velo- 
cities, between  fluids  and  solids. 

£25  to  Eev.  J.  H.  Jellett,  B.D.,for  the  Experiments  on  the  Action 

of  a  Galvanic  Current  on  a  Beam  of  Polarized  Light. 

£40  to  Dr.  E.  P.  "Wright,  towards  defraying  the  expenses  of  obtain- 
ing a  series  of  drawings  of  some  of  the  lower  Algae — the  drawings  to 

be  the  property  of  the  Academy. 

The  Scrutineers  having  duly  reported,  the  Yice-Presidcnt,  in  the 

Chair,  declared  the  following  duly  elected  : — 

Peesldext. 

SiK  EoBEET  Kaxe,  LL.D.,  E.  E.  S. 

COUI^CIL. 

Committee  of  Science. 

E.  Perceval  Wright,  :M.D.,  F.L.S  ;  David  Moore,  Ph.  D.,  E.  L.  S  ; 

John  Casey,  LL.D.,  E.E.  S;  Thomas  Hayden,  M.  D  ;  Eev.  J.  H. 
Jellett,  B.  D.,  S.E.T.C.D;  Alexander  Carte,  M.D.,  E.  L.  S  ;  WHliam 

Archer,  E.  E.  S ;  E.  S.Ball,  LL.D.,  E.E.  S;  J.  E.  Eeynolds,  M.D. ; 

B.  B.  Stoney,  M.  A.,  C.  E  ;  Eev.  S.  Haughton,  M.  D.,  E.  E.  S. 

Committee  of  Polite  Literature  and  Antiquities. 

J.  K.  Ingram,  LL.D ;  W.  J.  O'Donnavan,  LL.D  ;  A.  G.  Eichey, 
LL.D. ;  J.  E.  Garstin,  LL.B.,  E.  S.  A. ;  Yery  Eev.  Dr.  Eeeves,  D.D. ; 

Eev.  Thaddeus  O'Mahony,  D.D.;  Lord  Talbot  de  MalaHde,  E.E.S.; 
Eobert  Atkinson,  LL.D. ;  Thomas  Drew,  !M.  A.,  C.  E. ;  S.  Ferguson, 
LL.D. 

The  Scrutineers  having  reported,  the  Yice-President  declared  Senor 
Don  Augusto  Soromenho  duly  elected  an  Honorary  Member. 

Sir  Eobert  Kane,  the  President  elect,  having  taken  the  Chair — 
The  Ballot  was  then  opened  for  the  election  of  Officers  ;    and  the 
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Scrutineers  having  reported,  the  President  declared  the  following  duly 

elected : — 

Teeastjeee. — John  Eibton  Garstin,  LL.B. 

Secketaet  of  the  Academy. — E.  Perceval  Wright,  M.  D. 

Seceetaey  of  the  Coupon,. — J.  Kells  Ingram,  LL.D. 

Seceetaet  of  Poreigit  CoEEESPOisTDEXCE. — William  Archer,  P.  E.  S. 

LrBEAEiAif. — Eobert  Atkinson,  LL.D. 

Cieee;  of  the  Academy. — Edward  Clibborn,  Esq. 

The  President,  under  his  hand  and  seal,  nominated  the  following  as 

Yice-Presidents  for  the  year  1877-78  : — 

Kev.   J.    H.   Jellett,    B.  D ;  Samuel  Perguson,   LL.D. ;    Thomas 

Hayden,  M.  D ;  Alexander  Eichey,  LL.D. 

The  Academy  then  adjourned. 

lIoj^DAY  EvenijS'g,  Apeil  9,  1877. 

SiE  EoBEET  Xaxe,  LL.D.,  P.  E.  S.,  President,  in  the  Chair. 

Eev.  George  Eeade,  M.  A.,  P.  A.  Tarleton,  LL.D.,  P.T.C.D.,  and 

Benjamin  "Williamson,  A.  M.,  P.  T.  C.  D.,  were  elected  Members  of 
the  Academy. 

Eobert  S.  Ball.  LL.D.,  Astronomer  Eoyal  of  Ireland,  read  a 

letter  from  Professor  Tait,  "On  the  subject  of  Lagrange's  Equations 
of  Motion  in  Generalized  Co-ordinates." 

[This  paper  will  appear  in  the  "  Proceedings,"  Second  Series,  Vol. 
III.,  Science,  Part  1.] 

Eobert  S.  Ball,  LL.D.,  read  "  Observations  on  Comet  I  (1877)  made 
at  Dunsink." 

[This  paper  wiU  be  pubHshed  as  Part  14  of  Vol.  XXVI.  of  the 

"  Transactions."] 

Denis  Crofton,  Esq.,  read  a  Paper  "  On  the  Brick  with  Babylonian 

Characters  in  the  Museum  of  Trinity  College,  Dublin." 

Professor  O'Eeilly  exhibited  a  coloured  drawing  of  a  Meteorite 
seen  by  him  near  Dublin,  on  the  evening  of  the  6th  April,  1877, 

about  9  o'clock. 
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Monday  Evening,  Apeil  23,  1877. 

SiE  EoBEET  Kane,  LL.D.,  F.  E.  S.,  President,  in  the  Chair. 

Dr.  Foley  and  Dr.  Tarleton  signed  the  Eoll  and  were  admitted 
Members. 

Eohert  S.  Ball,  LL.D.,  Astromoner  Eoyal  of  Ireland,  read  a  paper 

''On  the  IS'on-Euclidian  Geometry." 
C.  E.  C.  Tichborne,  Ph.  D.,  read  a  Paper,  "  On  the  Dissociation  of 

the  Salts  of  Iron,  and  the  formation  of  the  Magnetic  Oxide." 

[This  Paper  will  appear  in  the  "  Proceedings,"  Second  Series,  Vol. 
III.,  Science,  Part  1.] 

Edward  Perceval  Wright,  M.  D.,  read  Notes  "On  the  Echino- 

derms  of  the  Seychelles." 

[This  Paper  will  appear  in  the  "  Proceedings,"  Second  Series,  Yol. 
III.,  Science,  Part  2.] 

Monday  Evening,  May  14,  1877. 

Sir  Eobeet  Kane,  LL.D.,  E.E.  S.,  President,  in  the  Chair. 

Charles  Lloyd,  M.D.,  was  elected  Member  of  the  Academy. 

The  Eev.  Samuel  Hanghton,  M.D.,  Y.P.,  read  a  Paper,  by  the 

Eev.  James  Pearson,  M.A.,  "  On  the  Phenomena  of  the  Tides  as 
observed  at  Fleetwood,  Lancashire. 

[This  Paper  will  appear  in  the  ''Proceedings,"  Second  Series, 
Vol.  III.,  Science,  Part  1.] 

Denis  Crofton,  Esq.,  read  a  Paper  "  On  a  Slab,  with  a  Cuneiform 

Inscription,  in  the  Library  of  Trinity  College,  Dublin." 

Dr.  E.  P.  "Wright  exhibited  some  drawings,  by  Mr.  L.  Aldous, 
of  a  Sponge  found  at  Mahe  which  exhibited  heteromorphic  zooids. 

The  Treasurer  laid  on  the  Table  the  estimate  of  the  Income  and 

Expenditure  of  the  Academy  for  the  current  year. 

Monday  Evening,  May  28,   1877. 

SiE  Eobeet  Kane,  LL.D.,  F.E.S.,  President,  in  the  Chair. 

Samuel  Ferguson,  LL.D.,  V. P.,  read  a  Paper  "On  Breton  and 

ITorse  Eock  Sculptures." 
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Mo>-DAT  Eyexix&,  JrxE  11,  1877. 

Sra  EoBEET  Kai^^e,  LL.D.,  F.E.  S.,  President,  in  the  Chair. 

Eev.  J.  P.  Mahaffy,  M.  A.,  P.T.C.D.,  read  a  Paper  "  On  recent 
Excavations  in  Greece." 

Professor  A.  Leith  Adams  read  the  first  part  of  a  jLionograph  "  On 

Irish  jFossil  Mammals." 

[This  paper  will  appear  in  the  "Proceedings,"  Second  Series, 
Yol.  III.,  Science,  Part  1.] 

Eead  the  following  letter  from  E.  Perceval  "Wright,  M.D.,  to  the 
President,  resigning  the  office  of  Secretary  to  the  Academy. 

"  TunaTX  College,  DuBLiif, 

"  May  25,  1877. 

''  Deae  He.  Peesldext, 

"  I  have  with  regret  come  to  the  fixed  conclusion  that  it  is- 

expedient  that  I  should  resign  the  office  of  Secretary  to  the  Academy. 

"  The  Editing  of  the  Academy's  Scientific  Puhlications  demands 
too  great  a  sacrifice  of  my  time,  already  too  much  occupied,  and 

prevents  me  from  devoting  as  much  of  it  as  I  could  wish  to  original 

research,  and  this  might  well  serve  as  my  excuse;  but  I  confess  that,  in 

addition,  I  am  not  satisfied  with  the  existing  state  of  afiaii's  in  our  body, 
and  I  believe  that  the  nominal  conduct  thereof  Avould,  at  the  present 

crisis,  be  better  in  other  hands. 

"My  election  to  the  office  I  now  resign  I  shall  always  regard  as 
the  highest  reward  the  Members  of  the  Academy  could  have  given  ta 

my  Scientific  work,  and  for  that  reward  I  thank  them.  I  have  also  to 

thank  you  Mr.  President,  for  your  unvarying  courtesy,  and  to  subscribe 

myself, 
"Most  faithfully  yours, 

"  Edwaed  Peecevax  "Weight."' 

"  SiE  E.  KAifE,  LL.D.,  E.  E.  S. 

Fresident,  Royal  Irish  Academy.'''' 

It  was  unanimously  Eesolvcd — 

"  That  the  Academy  receives  with  regret  the  resignation  of 

Dr.  "Wright,  and  desires  to  place  on  record  its  sense  of  the  valuable 
services  rendered  by  him  during  his  tenure  of  office,  especially  on  the 

prompt  publication  in  the  Transactions  and  Proceedings  of  the  Papers 

read  before  the  Academy." 
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Monday  Evening,  June  25,  1877. 

Sna  RoBEKT  Kane,  LL.D.,  F.  E.  S.,  President,  in  the  Chair. 

Dr.  Eobert  S.  Ball,  P.  E,.  S.,  Astromoner  Ptoyal  for  Ireland,  was 

elected  Secretary  of  the  Academy,  in  place  of  Dr.  E.  Perceval 

Wright,  F.L.S.,  resigned. 

Mr.  W.  H.  Baily,  read  a  Paper  "  On  Eossils  of  the  Irish  Coal 

District  (Eeport)." 

By  permission  of  the  Academy,  Mr.  "William  Plunkett,  P.  C.  S., 
read  a  Eeport  by  himseK  and  Lanncelot  Studdert,  LL.D.,  "  On 

the  Solid  and  Gaseous  Constituents  of  the  Spa,  at  Mallow,  Co.  Cork." 

[This  Paper  will  appear  in  the  "Proceedings,"  Vol.  III.,  Second 
Series,  Part  1,  Science.] 

By  permission  of  the  Academy,  Mr.  C,  C.  Hutchinson  read  a  Paper 

by  himself  and  Mr.  A.  H.  M'Alpine,  "  On  the  Gaseous  Constituents  of 

the  Vartry  and  Eoyal  Canal  waters." 

[This  Paper  will  appear  in  the  "  Proceedings,"  Vol.  III.,  Second 
Series,  Part  1,  Science.] 

By  permission  of  the  Academy,  Professor  Galloway  read  a  Paper 

by  Messrs.  Eeginald  Laurence,  and  C.  "W".  Eeilly,  "  On  the  Albuminoid 
Matters,  Alcohol  and  Phosphates,  in  the  Burton  Ales  and  Dublin 

Porter." 
By  permission  of  the  Academy,  Mr.  Thomas  Bayley  read  a  Paper 

*'  On  the  Yolumetric  Estimation  of  Chromium." 

[This  Paper  will  appear  in  the  "Proceedings,"  Vol.  III.,  Second 
Series,  Part  1,  Science.] 

By  permission  of  the  Academy,  Mr.  Thomas  Bayley  read  a  Paper 

"  On  the  Peroxides  of  Cobalt  and  Mckel." 

By  permission  of  the  Academy,  a  Paper  by  Mr.  Henry  Hatfield 

was  read  "  On  a  Method  for  the  detection  of  Cadmium  in  the  presence 

of  Copper." 
The  Treasurer  laid  on  the  Table  the  following  Abstract  of  the 

Academy's  Accounts  for  the  year  ending  31st  of  March,  1877,  as 

Audited  by  the  Eev.  Samuel  Haughton,  M.  D.,  and  "William 
Archer,  E.E.  S.,  Committee  of  Audit. 

The  Academy  then  adjourned  until  !N"ovember. 

E.  I.  ACADEMY  MINVTES,  SESSION  1876-7.  V 
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Library,   
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knowledge  and  belief,  Jo HX  Eibtox  G.\rstin,  Treasurer,  B.I.  A. 
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AUDITORS'  EEPORT. 

"We  have  exairined  the  above  General  Abstract,  and  compared  the  Vouchers  for 
the  details  of  the  several  heads  thereof,  and  find  the  same  to  be  correct,  leavaig  a 
Balance  of  Twelve  Pounds  Seven  Shillings  and  Eleven  Pence  to  the  credit  of 
the  Academy ;  which  amount  is  certified  by  the  Accountant-General  to  have  re- 

mained to  the  credit  of  the  Academy's  account  in  the  Bank  of  Ireland  on  the  31st  of 
March,  1877. 

The  Treasurer  has   also    exhibited  to  us   like   Certificates  in  respect  of  the 
invested  Capital,  showing  that  the  amounts  of  Stock  standing  in  the  name  of 
the   Academy   on  the  same   day  were   £2618    9s.  od.,   New  Three  per   cents. 

£2572  O,?.  -Id.,  Consols  ;  and  £40  bs.  \Qd.,  Bank  of  Ireland  Stock. 

,^.       ,,  SAMUEL  HAUGHTON,  \     ,    ,., 

(Signed),  WILLIAM  AECHER,       )  ̂̂^^t°^-'- 
2lstof  May,  1877. 
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mingham, of  Tuam.     [Published  August,  1877.]     4s. 
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Perceval  Wright,  M.D.     (Plate  YI.)     [Published  August,  1877.]  J 

Yol.  XXYII.  (Polite  Lit.  ais^d  Aktiqitities)  : — 

Part  1.— On  the  Bell  of  St.  Patrick,  caUed  the  Clog  an  Edachta.  By  William 
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ments of  Rhizoclonium  Casparyi.  By  Edw.  Perceval  Wright,  M.A.,  M.D. 

(With  Plate  II.)     [Published  February,  1881.] 
Part  5. — On  the  Periods  of  the  First  Class  of  Hyper-EUiptic  Integrals.  By 

William  R.  Westropp  Roberts,  M.A.     [Published  March,  1881.] 
Part  6. — New  Researches  on  Sun-heat  and  Terrestrial  Radiation,  and  on  Geo- 

logical Climates.  By  the  Rev.  Samuel  Haughton,  M.D.  Dubl. ;  D.C.L.  Oxon.  ; 
LL.D.  Cantab.     (Parts  I.  and  II.)     [Published  October,  1881.] 

Part  7. — Extension  of  the  Theory  of  Screws  to  the  Dynamics  of  any  Material 
System.  By  Robert  S.  Ball,  F.R.S.,  Astronomer  Royal  for  Ireland.  [Pub- 

lished November,  1881.] 
Part  8. — On  some  hitherto  undescribed  Compounds  of  Selenium.  By  Charles 

A.  Cameron,  M.D.,  Professor  of  Chemistry,  and  Edmund  W.  Davy,  M.D.,  Pro- 
fessor of  Forensic  Medicine,  Royal  College  of  Surgeons,  Ireland.  [Published 

April,  1882.] 
Part  9. — Certain  Problems  in  the  Dynamics  of  a  Rigid  System  Moving  in 

Elliptic  Space.  By  Robert  S.  Ball,  LL.D.,  F.R.S.,  Andrews  Professor  of  Astro- 
nomy in  the  University  of  Dublin,  and  Royal  Astronomer  of  Ireland.  [Published 

April,  1882.] 

\_For  continuation  of  List  of  PuUications,  see  page  iii.  of  this  Cover.'] 
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PROCEEDINGS  :  8ro,  cloth ;  o.  in  Parts,  stitched. 

Seeies    I.-Yols.  I.  to  X.     1836  to  1870  {some  out  ̂        -^^^^     ̂ ^,.       -        . 
inquire  at  the  Academy.  '  f         '  j     ' 

Seeies  II.— Yol.  I.  (Science),  complete.    \^Title-page  8^-  Index  iu;^j^  p^  ̂   \^ol.  H1 1 
Yol.II.        „        com^leie.    ITitle-imge  8f  Index  li^-^j^ p^/-lj^l  jj-j^^^ 
Yol.  III.      „        Part  1,  August,  1877  ;    Part  2,  j^^^_  1^78  ;   Part  3, 

July,  1879  ;  Part  4,  April,  188C  .  p„„4-  r.  -rUp  iRsn- 

Part  6,  Aprn,  1881 ;  Part  7,  l^^issi'-T 
,,  Yol.  I.  (Polite  Literatiu-e  and  AnticLuities),  corapIg|.g_  \Title-^age-a^d\ Index  with  Pt.  13.] 

„  Yol.  II.,  Part  1,  Nov.  1879  ;  Part  2,  Dec.  1880  ;  p^^^.t  3,  Dec.  1881. 

Cataxogxje  of  the  ANTiamTiES  in  tlie  Museum  of  the  Acadei»iY.  By  Sie  William 
E.  Wilde,  M.D.,  M.E.I.A. :—         i 

Yol.    I.  Price  14s.,  tti  cloth  hoards,  toith  numerous  IllustraSons.  \ 

Yol.  II.  Part  I. — (Antiqitities  oe  Gold.)     Price  3s.  &d.,  stitched. 

Haxdboox  to  tlie  Museum  (with.  Plans).     8vo,  stitched,  Id. 

Photogkaphs  oe  Antiquities  in  the  Museum  of  the  Academy.    Moimted  on  card- 
board, Is.  each,  or  10s.  for  12  :— 

1.  The  Tara  Brooch.     2.  The  Soiscel  Molaise.      3.  The  Domnach  Airgid. 

IRISH  MANUSCRIPTS— F AC-SIMILES. 

THE  accurate  study  and  critical  investigation  of  the  ancient  literary  and  his- 
toric momiments  of  Ireland  have  hitherto  been  impeded  by  the  absence  of 

fac-similes  of  the  oldest  and  most  important  Irish  Manuscripts. 
With  a  view  of  supplying  this  acknowledged  want,  and  of  placing  beyond  risk 

of  destruction  the  contents  of  Manuscripts,  the  Academy  has  undertaken  the  pub- 
lication of  carefully  collated  lithographic  copies  of  the  oldest  Irish  texts  still  ex- 

tant.    These  can  be  obtained  by  subscribers  only. 

In  folio,  on  toned  paper. — Subscription,  £3  3s.     Edition  limited  to  200  copies. 

LEABHAR  NA  H-UIDHRI  :  a  collection  of  pieces  in  prose  and  verse,  in  the 
Irish  language,  transcribed  about  A.  D.  1100  ;  the  oldest  volume  now  known 

entirely  in  the  Irish  language,  and  one  of  the  chief  surviving  native  literary  monu- 
ments— not  ecclesiastical — of  ancient  Ireland ;  now  for  the  iirst  time  published, 

from  the  original  in  the  Library  of  the  Royal  Irish  Academy,  with  account  of  the 
manuscript,  description  of  its  contents,  index,  and  fac-simUes  in  colours. 

In  imperial  folio,  on  toned  paper — Subscription,   £4  4s.  ;  or  £2  2s.  per  Part.     Edition 
limited  to  200  copies.     Parts  I.  and  II.  ;  or  in  One  Volume,  half  calf. 

LEABHAR  BREAC— the  "  Speckled  Book"— otherwise  styled  "  The  Great 
Book  of  Dun  Doighre" :  a  collection  of  pieces  in  Irish  and  Latin,  transcribed 
towards  the  close  of  the  fourteenth  century  ;  "  the  oldest  and  best  Irish  MS.  re- 

lating to  Church  History  now  preserved." — (<?.  Petrie.)  Now  fii'st  published,  from 
the  original  MS.  in  the  Academy's  Library. 

[_For  continuation  of  List  of  Publications,  see  page  iv.  of  this  Cover']. 
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In  imperial  folm  W  tonXP^P^^'^  ̂ ^^^^  «  Photograpli  of  a  page  of  tU  original— 
S  ibscri?}t^n  ̂ P^**  '  ̂^  Membets,  £o  5s.     Editioji  limited  to  200. 

rr^HF  BOOK  of'^-^-^-'--^®-'--^-^'  sometime  called  The  Book  of  "  G-lendalough "  : 
L  a  eoUection  of  fj^^^^  i^  ̂ ^^  Irish.  Language,  compiled  in  part  about  the  mid- 

dle of  the  t-n^elfth  cei'^^^^T'  ̂ ^'o™-  ̂ ^^  original  MS.  in  Trinity  College,  Dublin,  with 
introduction  analysi^  ̂ ^  contents,  and  index,  by  Robert  Atkij^son,  M.  A.,  LL.D., 

Professor  of  Sanskrit  ̂ ^^  Comparative  Grammar  in  the  University  of  Dublin,  Secre- 

//iar/  of  Council,  Royfl  Irish  Academy. 

7  /  This  MS.  forms  t      thii-d  in  the  series  of  the  great  Irish  MSS.  published  by  the 
oyal  Irisii^^adem\^- 
The  Book  of  Leii'ister  is  one  of  the  most  important  of  the  fragments  of  Irish 

literature  that  have  o'ome  down  to  us.  In  addition  to  copies  of  the  native  prose  his- 
toric accounts  of  the  Tain  Bo  Cualnge,  the  Borama,  &c.,  it  contains  a  large  fragment 

of  an  early  prose  translation  of  the  Historia  de  Excidio  Troiae  of  Dares  Phrygius  ; 
a  great  number  of  the  poems  and  prose  introductions  of  the  Dindsenchas  or  legendary 

account  o£  -fne  origin  of  the  names  of  places  in  Ireland  ;  very  many  historic  poems, 
in  which  the  legendary  and  traditional  accounts  of  the  early  history  of  the  country 
are  preserved;  Irish  genealogies  and  hagiologies ;  and  a  great  number  of  interesting 
stories,  illustrative  of  the  manners  and  customs,  the  modes  of  thought,  and  the 

state  of  culture,  &c.,  of  the  people  of  Ireland  just  about  the  period  of  the  Anglo- 
Norman  Invasion. 

THE   lEISH   MANUSCRIPT   SEEIES. 

Yolume  I.,  8vo. — Part  1,  Price  5s. 

Volume  I.,  4to. — Part  1. — Whitley  Stokes,  LL.D. :  On  the  Felire  of  CEngus. 

CUIsTj!^INaHAM  MEMOIRS. 

1^0.  I. — John  Caset,  LL.D.,  F.R.S.  :  On  Cubic  Transformations. 

For  List  of  PiMications  of  the  Academrj,  see  also  pages  ii.  and  iii.  of  this  Cover. 

Applications  for  any  of  the  Publications  of  the  Academy  are  to  he  adclressed  to 

the  Treastjeee  op  the  Eotal  Ibish  Academy,  19,  Dawson-street,  Dublin; 

or  to  Hodges,  Eiggis,  &  Co.,  Dublin  ;  or  Wixliajis  &  I^okgate,  14, 

Henrietta-street,  Coveut  Garden,  London  ;  and  20,  South.  Erederick- 

street,  Edinburgh. 

Dublin  : 

Pkixted  at  the  University  Press,  by  Ponsonby  &  Weldrick, 
Printers  to  the  Academy. 
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  .   .     —   d.   _^ 

CONTENTS. PAGE 

LXXVII. — On  a  New  and  Expeditions  Metliod  for  the  Determination  of 

the  Nitrites,  under  different  Circumstances.  By  Edmuiv^d  "W. Davy,  a.m.,  m.d.,  jm.e.i.a.,  Professor  of  Forensic  Medicine, 
Royal  College  of  Siirgeons,  Ireland,  &c.,   563 

LXXVIII. — On  the  Jointing  of  Eocks  in  Eolation  to  Engineering,  especially 
the   Tunnelling  of   the   Strait  of  DoTer.     By  Phofessoe 
William  King,  d.sc,   568 

LXXIX. — Eeport  upon  the  Botany  of  the  MacgiUicuddy's  Eeeks,  Co. 
Kerry.     By  H.  C.  Hakt,   -.573 

LXXX. — On  the  Equation  of  a  Tangent  Cone  to  a  Uuadric,  referred  to 
the  Axes.     By  John  C.  Malet,  Professor  of  Mathematics, 

Queen's  College,  Cork,   594 

LXXXI. — Eeport  on  the  Clearing  of  Peaty  "Waters.  Part  II.   By  Gekeaub A.  KiNAHAN,   596 

LXXXII. — On  the  Effects  of  the  Lunar  and  Solar  Tides  in  Lengthening 
the  Duration  of  the  Sidereal  Day.  By  the  Eev.  Samoel 
Haughton,  M.D.,  Fellow  of  Trinity  College,  Dublin,  .  .  .  605 

LXXXIII. — On  the  Comparative  efiects  of  two  Metameric  Bodies  on  the 
Growth  of  Nicotiana  longiflora.  By  J.  EitLEESON  Eetnolds, 
M.D.,  E.E.S.,  Professor  of  Chemistry,  University  of  Dublin,  .  613 

IXXXIY. — A  New  Determination  of  the  Constant  of  Precession.     By  J.  L. 
E.  Deeyee,  PH.D.,   617 

LXXXV. — Multiple  Eenal  Arteries.  By  A.  Macalistee,  m.d.,  f.e.s.,  Pro- 
fessor of  Anatomy,  University  of  Dublin,   624 

LXXXVI. — Muscular  Anomalies,  including  those  of  the  Diaphragm,  and 
Subdiaphragmatic  Eegions  of  the  Human  Body.     By  J.  F. 
Knott,  e.e.c.s.i.,   62^ 

LXXXyil. — Eeport  on  a  Journey  among  the  New  Zealand  Glaciers  in  1882. 
By  Eev.  W.  S.  Geeen,  m.a.     (With  Plate  XVIII. ),        .     .     642 

DUBLIN : 

PUBLISHED  BY  THE  ACADEMY, 

AT   THE  ACADEMY  HOUSE,  19,  DAWSON-STREET. 
SOLD  ALSO  BY 

HODGES,  FIGGIS,  &  CO.,  GEAFTON-ST. 

And  ev  WILLIAMS  &  NOEGATE, 
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TEANSACTIONS  :   Quarto,  hoards  ;  or  in  Parts,  stitched. 

Vols.  I.  to  XXIII.  (some  out  ofinint).     For  Prices,  &c.,  inqiiire  at  tlie  Academy. 

Vol.  XXIV.— SciEiTCE  (complete),  Sis.  6i. 

Polite  Liteeatitke  (complete),  os.  \  ̂^^^^^^^  ̂ ^^^  ̂.^^^^^  24s. ,,  Antiquities  (complete),  19s.  6rf.       ) 

Vol.  XXV.— Science  (complete),  37s.  6f7. 

Vol.  XXVI   (Science)  :— (Complete).     35s. 

Vol.  XXVII.  (Polite  Lit.  and  Antiquities)  : — 

Part  2. — On  an  Ogam  Monument  in  the  Cotinty  of  Kerry.  By  the  Eight 
Eev.  De.  GrEAVES,  Lord  Bishop  of  Limerick.     [Published  November,  1878.] 

Part  3. — On  the  Croix  Gammee,  or  Swastika.  By  the  Right  Eev.  Chaeles 
GrKAVES,  D.D.,  M.R.I.A.,  Lord  Bishop  of  Limerick,  &c.  (With  Illustrations.) 
[PubHshed  April,  1879.] 

Part  4. — Fasciculus  of  Prints  from  Photographs  of  Casts  of  Ogham  Inscrip- 
tions.   By  SiE  Samuel  Ferguson,  LL.D.    (With  Plates  I*,  to  V.) 

Vol.  XXVIII.  (Science)  :— 

Part  4. — On  a  new  Genus  and  Species  of  Unicellular  Algae,  living  on  the  Fila- 
ments of  Ehizoclonium  Casparyi.  By  Edw.  Peeceval  Weight,  M.A.,  M.D. 

(With  Plate  II.)     [Published  February,  1881.] 

Part  5. — On  the  Periods  of  the  First  Class  of  Hyper-Elliptic  Integrals.  By 
William  R.  Westeopp  Eobeets,  M.A.     [Published  March,  1881.] 

Part  6. — ^Few  Researches  on  Sun-heat  and  Terrestrial  Eadiation,  and  on  Geo- 
logical Climates.  By  the  Eev.  Samuel  Haughton,  M.D.  Dubl. ;  D.C.L.  Oxon. ; 

LL.D. Cantab.     (Parts  I.  and  II.)     [Published  October,  1881.] 

Part  7. — •'Extension  of  the  Theory  of  Screws  to  the  Dynamics  of  any  Material 
System.  By  Robeet  S.  Ball,  F.E.S.,  Astronomer  Royal  for  Ireland.  [Pub- 

lished November,  1881.] 

Part  8. — On  some  hitherto  undeseribed  Compounds  of  Selenium.  By  Chaeles 
A.  Cameron,  M.D.,  Professor  of  Chemistry,  and  Edmund  W.  Davy,  M.D.,  Pro- 

fessor of  Forensic  Medicine,  Eoyal  College  of  Surgeons,  Ireland.  [Published 
April,  188S.] 

Part  9. — Certain  Problems  in  the  Dynamics  of  a  Eigid  System  Moving  in 
Elliptic  Space.  By  Egbert  S.  Ball,  LL.D.,  F.E.S.,  Andrews  Professor  of  Astro- 

nomy in  the  University  of  Dublin,  and  Eoyal  Astronomer  of  Ireland.  [Published 
April,  1882.] 

Part  10. — On  some  Deductions  from  M'CuUagh's  Lectures  on  Eotation.  By 
Feancis  a.  Taeleton,  LL.D.,  F.T.C.D. 

Part  11. — On  Certain  Definite  Integrals.  By  John  C.  Malet,  Professor  of 
Mathematics,  Queen's  College,  Cork. 

\_For  continuation  of  List  of  Publications,  see  page  iii.  of  this  Cover.'] 
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PROCEEDINGS  :  Svo,  cloth  ;  or  in  Parts,  stitched. 

-Vols.  I.  to  X.,   1836  to  1870  {some  out  of  print).     For  jn-ices,  ̂ -c, 
inquire  at  the  Acade^ny. 

•Vol.  I.  (Science),  complete.    \_Title-page  Sf  Index  with  Pi.  1,  Vol.  III.] 

Vol.  II.        ,,        complete.    \_Title-page  ̂   Index  with  Pt.  1,  Vol. III.'] 
Vol.  III.      „        Part  1,  August,  1877  ;    Part  2,  Nov.  1878  ;    Part  3, 

July,  1879  ;  Part  4,  April,  1880  ;  Part  5,  Dec.  1880; 
Part  6,  April,  1881 ;  Part  7,  Dec.  1881  ;    Part  8, 

May,  1882. 

Vol.  I.  (Polite  Literature  and  Antiquities),  complete.  [  Title-page  and 
Index  loith  Pt.  13.] 

Vol.  II.,  Part  1,  Nov.  1879  ;  Part  2,  Dec.  1880 ;  Part  3,  Dec.  1881. 

OF  THE  ANTiauTTiES  ia  the  Museiim  of  tlie  Academy.  By  Sir  William 
E.  Wilde,  M.D.,  M.E.I.A.  :— 

il.    I.  Price  14s.,  in  cloth  hoards,  with  numerous  Illustrations. 

il.  II.  Part  I. — (Antiquities  of  Gold.)     Price  3s.  Qd.,  stitched. 

Handbook  to  tlie  Museum  (with.  Plans).     8vo,  stitched,  2d. 

HS  OF  Antiquities  in  the  Museum  of  the  Academy.    Mounted  on  card- 
board. Is.  each,  or  10s.  for  12  : — 

Tara  Brooch.     2.  The  Soiscfel  Molaise.      3.  The  Domnaeh  Airgid. 

IRISH  MANUSCRIPTS— FAC-SIMILES. 

urate  study  and  critical  investigation  of  the  ancient  literary  and  his- 
nonuments  of  Ireland  have  hitherto  been  impeded  by  the  absence  of 
of  the  oldest  and  most  important  Irish  Manuscripts, 
view  of  suppljdng  this  acknowledged  want,  and  of  placing  beyond  risk 
on  the  contents  of  Manuscripts,  the  Academy  has  undertaken  the  pub- 
earefully  collated  lithographic  copies  of  the  oldest  Irish  texts  stm  ex- 
je  can  be  obtained  by  subscribers  only. 

I,  an  toned  paper. — Subscription,  £3  3s.  Edition  limited  to  200  copies. 

AR  NA  H-UIDHRI  :  a  collection  of  pieces  in  prose  and  verse,  in  the 
I  language,  transcribed  about  A.  d.  1100  ;  the  oldest  volume  now  known 

the  Irish  language,  and  one  of  the  chief  sui-viving  native  literarj^  monu- 
_  ecclesiastical — of  ancient  Ireland  ;  now  for  the  first  time  published, 
[iginal  in  the  Library  of  the  Royal  Irish  Academy,  with  account  of  the 
,  description  of  its  contents,  index,  and  fac-sinules  in  colours. 

folio,  on  toned  paper — Subscription,  £4  4s.  ;  or  £2  2s.  per  Part  Edition 
mifed  to  200  copies.  Parts  I.  and  II. ;  or  in  One  Volume,  half  calf. 

[AR  BREAC— the  "  Speckled  Book"— otherwise  styled  "  The  Great 
xm  Doighi-e"  :  a  collection  of  pieces  in  Irish  and  Latin,  transcribed 
}  close  of  the  fourteenth  century  ;  "the  oldest  and  best  Irish  MS.  re- 
larch  History  now  preserved." — {G.  Petrie.)  Now  fii-st  published,  from 
i  MS.  in  the  Academy's  Library. 

continuation  of  List  of  Publications,  see  page  iv.  of  this  Cover]. 
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In  imperial  folio,  on  toned  jjciper,  loith  a  Pliotocp-aph  of  a  page  of  the 
Subscription,  £6  6s.  ;  to  3Iembers,  £5  5s.     Edition  limited  to  J 

THE  BOOK  OF  LEINSTER,  sometime  called  The  Book  of  "  Glei^ 
a  collection  of  pieces  in  tlie  Irish  Language,  compiled  in  part  abo 

die  of  the  twelfth  century.  From  the  original  MS.  in  Trinity  College,  D 
introduction,  analysis  of  contents,  and  index,  by  Robert  AiEiiJfsON,  M 
Professor  of  Sanskrit  and  Comparative  Grammar  in  the  University  of  Du 
tary  of  Council,  Royal  Irish  Academy. 

This  MS.  forms  the  third  in  the  series  of  the  great  Irish  MSS.  publi' 
Royal  Irish  Academy. 

The  Book  of  Leinster  is  one  of  the  most  important  of  the  fragmei 
literature  that  have  come  down  to  us.  In  addition  to  copies  of  the  nativ 
toric  accounts  of  the  Tain  Bo  Cualnge,  the  Borama,  &c.,  it  contains  a  larg 
of  an  early  prose  translation  of  the  Historia  de  Excidio  Troiae  of  Dares 
a  great  number  of  the  poems  and  prose  introductions  of  the  Dindsenchas  o 
account  of  the  origin  of  the  names  of  places  in  Ireland  ;  very  many  hist 
in  which  the  legendary  and  traditional  accounts  of  the  early  history  of  1 
are  preserved ;  Irish  genealogies  and  hagiologies ;  and  a  great  number  of 
stories,  illustrative  of  the  manners  and  customs,  the  modes  of  though 
state  of  culture,  &c.,  of  the  people  of  Ireland  just  about  the  period  of 
Norman  Invasion. 

THE   lEISH   MAKTJSCEIPT   SEEIES. 

Volume  I.,  8vo. — Part  1,  Price  5s. 

Volume  I.,  4to. — Part  1. — "Whitley  Sioe:es,  LL.D.  :  On  the  Felii-e  of  ( 

CTJNJS'IE'GHAM  MEMOIES. 

No.  I. — JoHif  Casey,  LL.D.,  F.R.S.  :  On  Cubic  Transformation 

For  List  ofFullications  of  the  Acadermj,  see  also  pages  ii.  and  iii.  ofi 

Applications  for  any  of  the  Fublications  of  the  Academy  are  to  he  aa 

the  Treastireii  of  the  Eoyax  Irish  Academy,  19,  Dawson-street 

or  to  Hodges,  Eiggis,  &  Co.,  Dublin  ;  or  "Williams  &  Nor 
Henrietta- street,  Covent  Grarden,  London  ;  and  20,  South  I 

street,  Edinburgh. 

Dublin  : 

Printed  at  t%e  University  Press,  by  Ponsonby  &  Weldrick, 
Printers  to  the  Acauemy. 
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