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Art. I.—Photometric Foaperiments. Part Srconp.—On the 
amount of light sraniinited by rein ae: ees crown glass 
a perpendicular incidence ; by 5, Po 
ee in Columbia Slee 

Tr would seem that inthe direct photometric experiments on 
this matter, the instrumental means employed have feare 
or less defective, in consequence of which the results al 

been determined, so that for perpendicular incidence, slender data 
exist for comparing the results of theory and cadets cata 

it will be s 
_ caused by two sources o light, T ieee deed a fethed in 

q reflected from a movable mirror, and pursues its way unob- 
structed to the screen, or is transmitted to it by the plate under. 

Am. Jour. Sct.—Szconp Serres, Vou. L, No. 148.—Juxy, 1870, 
: 1 

il 



2 O. N. Rood on Photometric Experiments. 

and when once effected of course remains undisturbed by fluc- 
tuations of the flame. In addition to this it will also be observed 
that a more delicate screen, constructed, however, on the general 
principles indicated in the first part of this paper, has been em- 
ployed, and these modifications, taken in connection with cer- 
tain precautions described below, have given the results an 
neeinlon superior to that attained in the experiments on silver 
mirrors 

keg Som! of the photometer with a single gas flame for ex 
ts on the amount of light transmitted by plates of various 

substances 

The source of light is a small gas flame at L, about an inch 
in height, the gas flowing as before from 
lain circular opening. A portion of its M. 
ht, LA, directly nose Se the screen 

Ss, while another portion N A is reflected 
on the screen by a iabie: $ mirror, one 
protected by a coating of copper being 
selected : this equalizes ve light on both 
sides of the bare “spot” inS. A thir 
portion of the light from L falls on M, a 
mirror like that just mentioned, and there 
is reflected perpendicularly through FP, 

inati he 
ground glass. It will be observed that 
the path pu by the light in this lat- 

s the distance LM+MG: by 
the © graduation sess the instrument MG 1s 

ly measu P is known; also 
PL: hence fe ave the means of calou- B 
lating the distance ML, which is to be 
added to MG, giving the distance — Tv 
ed. As these calculations involve so 
stor, I constructed for my aeeutacnt. a table by which the 

easured distance GM, is readily converted into the total dis- 

— The photometer was the same as that described in the first 
. yar of this paper, the following changes having been intro- 

uced: the “spot ” on the screen was made much Srnadled being 
only about zz of an inch in horizontal diameter, with a length 
about three = as great; it was observed by a small telescope 

3 ix diameters. reduction in the size of the ? 
iii 

it ina mata beyond reproach. 
t” ret sesitlered it it possible to illuminate the ground surrounding : A 



O. N. Rood on Photometric Haperiments. 3 

Mode of adjusting the apparatus for experiment. 

1st. The center of the flame at L, and the center of the mir- 
ror M, must be at the same height above the common base. 

Qnd. The screen and plates to be examined are to be made 
perpendicular to the axis of the instrument, by the aid of the 
small gas flame mentioned in the first part of this ae the 
telescope T is also most readily collimated by the f the 
same flame, the screen, &c., having been temporarily nate. 

3rd. The mirror M- as ek must be brought into such a 
cpa that it shall send the ray MP perpendicularly to P, or 
along the axis of the instrument when its distance is such as to 
effect compensation ; for if the reflected ray were sent obliquely 
through re eround glass plate G, noticeable errors woul 
introduced. This adjustment, which is important if good results 
are expected, is best effected by making one or two compensa- 
tions so as to determine approximately the correct distance of 
the mirror, which is then rotated on its vertical axis so that the 
reflected image of the spears is made to fall in the center of the 
field of the telescope, the screen having been previa pore 

a ee When, ho pele pad os ucin 
pensation cn int itself has Bes ‘shifted by the introduction ol 
removal .of a plate of glass, the mirror will corresponding] 
moved away or toward 8, and of course the ray MP ey be 
sent a little to the right or left, and it becomes necessary to de- — 
vise some simple way in which this difficulty can be o vate, a 
without in each mites removing the sereen and altering the 
focus of the telesco : . 

The mirror then ae actually in adjustment, , this, when lost, 
can be recovered as follies ws: in the screen B about four inches 

in 
throu. a it with a ue eye, and the image of the flame is 

seen er up on the mirror, and is made to coincide with a 
- short black line pet there previously. The ray MP can al- 

ways thus be made to coincide with the axis of the inagronent a 
it not even being necessary for the observer to leave his seat or 

ish the sensitiveness of the eye by exposure. I am par- 
ticular in dese this precaution, having in my own case re- 
jected the results of 1800 compensations which were made with 
a comparative lack of attention to this single point. 

a 
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Mode of measuring the amount of light transmitted by a plate of 
glass, ce. 

1st. The Shear is placed at P and collimated by the use of the 
small gas flam 

2nd. A Pptapanmetion is effected by moving the mirror 
8rd. The mirror is adjusted by the use of the aperture in B, 

and another ee made, followed by a second adjust- 
ment of the mirror, if n 

4th. A series of Seseful See are now made, alter- 
nately by the het oF and recession of the mirror ; these are regis- 

mirror by the aid of the aperture in ‘die: screen B. Finally, a 
series of compensations are effected with the free flame and 
registered. 

At this point it may be well to taclicean an objection which 
might be urged to this mode of experi , Viz: itis evident 
that the angles at which the light is Pretegted from the mirror 

not be identical in the presence and absence of the plate of 
glass, and as the amount of light reflected by glass and silver 
varies with the angle of reflection, this might become a source 

less glass employed by me, however, the angle in one case was 
at B07 an nd in the other 5° 18’, the difference of 12’ being much 

roduce an appreciable effect, as we know from the 
eats of ot oes experiments 

For the purpose of showing what can be effected by this 
method, I can perhaps do no better than give the results of five 
sets of experiments; each of them consisted of four sets of eight 
double, or sixteen single compensations, and during the progress 
of each trial the conditions remained the same. The ex peri- 
ments were made as follows: eight double compensations were 
effected with the a and registered ; then nboabdcres: 

ing arranged as before, a new set of compensations were 
— ke, all of which was repeated four times. The Rican? 

mean of the distances of the source of light from the a: was 
then obtained separately for each of the four experiments, and 
from these four mean values of the distance, a final mean aie 
was deduced. This last quantity was then squared and com- 

ly with the squares of each of the first four mean 
ing tells at once the difference of the 

; mean result, in per cents or fractions 
te eapied to Elves an idea of the degree of ac- 
sted in this kind of observation. 
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Differences from mean in per cents: 

No. 1 No. 2 No. 3. 4. No. 5 

+012 — 275 — 252 +573 — 102 
+'347 +126 — 137 — 208 +057 
+158 — 124 +°385 — 060 +041 
— 512 +275 +007 — 308 +005 

It will be observed that in the twenty experiments, only two 
eases occur in which the difference rises slightly above one half 
per cent, or above 3, of the whole quantity of light, while in 
nearly all the other cases the diferente falls considerably below 

; this ironies and the Byorage of their differences is less than 
_-0°2 per cent, or less than ;}5 of the whole amount. 

| As the reliability of measurements with a photometer is 
evidently connected with the power of the eye in distinguishing 
different degrees of brightness in adjacent surfaces, it is well to 
review here briefly the results that have been obtained by dif: 
ferent observers, as to the sensitiveness of the eye under favor- 
able conditions. 

The least difference which Boguer with his method, (two 
shadows.) was able to distinguish was ,); of the whole; ’ Fech- 
ner’s friends using the same method were able to reduce this 
quantity to ;};. Arago remarked that where one of the illumi- 
nated surfaces was in motion smaller differences could be per- 
ceived, and was able under favorable circumstances to dis-— 
tinguish ;1,;, while Masson, who used revolving discs, alo 
with his friends, was able to distinguish between ;'; to 74; 0 
the whole quantity of light. Near a window Helmholtz was 

‘able to distinguish with certainty a difference of 15, an 
sionally as small a quantity as ;34, while in the madi ofA a 
i Sieg p otie to sate ere = only ;},, seldom and 

t a good eye can distinguish a difference 
of ;; ona sevolving: dise, that the its eye would be able to 
obtain a similar result with ordinary forms of the photometer, 
where the conditions are far less favorable, and accordingly . 
seemed of interest to me to determine by a series of experiment 
the average sensitiveness of the eye while using the OA 
method described in this paper, particularly as the Pp an, of using 

* Physiologische Optik, von H. Helmholtz, page all. S55 
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a single flame and mirror offered great facilities for making these 
observations in a reliable manner. ‘The following mode was 
employed: the light from the mirror was allowed to fall on the 
unobstructed screen, and the mirror was drawn up till the spot 

tered on separate fillets of paper a two pens. In the first experi- 
ment fourteen compensations were made by the advancing, and 
an equal number by the retreating mirror, and the mean of these 
twenty eight quantities was taken as the tru e distance of the 

r from the ‘screen ; arin ot com OP Pe the mean ses either 

stance, it was to as- 

by the eye under the given circumstances, In the first experi- 
ee this quantity was found to be ;+;, in a sec econd similar trial 
zi; of the total amount of light. The “screen ” in these experi- 
ments was quite | new, and an inferior result was obtained by 
using a “screen,’ ’ which had for six weeks been exposed quite 
unprotected to the action of the air; here the usual darkening 
of the edges had begun and progressed so far as to be faintly 
visible during compensation. 

In the experiments just detailed the highest nsec sensitive- 
ness of the eye is only ;3;, while as be fore show in pr ractical 
use the hes Ne difference from the mean is less ae x47 of the 
whole. ‘This higher degree of accuracy results naturally from 
the mode in sae the compensations are made, (alternately by 
Bt and recession,) and the fact that the compensations are 

us interwoven, in such a manner as to eliminate errors intro- 
duced by the slightly varying sensibility of the eye. 

Experiments on ae: oe of light transmitted a plates of glass 
t a perpendicular tnecidence. 

at knowledge of the amount of light transmitted and ag 
nd of in 
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of common light reflected at a perpendicular incidence was first 

given by Thomas Young; I -Gie ; the intensity of the 

incident beam being equal to unity, and » being the index of 
refraction of the reflecting substance. The same formula was 
afterwards reached by Poisson in a rigid and learned analysis 
of the subject, and it was again deduced by Fresnel.* As is 
well known Fresnel’s formulas were subsequently modified by 

| the celebrated Cauchy, but in Cauchy’s formula for reflection as 
: soon as the incidence of the light differs considerably from the 

polarizing angle, the small quantities which depend on e, the 
coefficient of ellipticity, become so much reduced that they can 
be omitted from the numerator and denominator, and Cauchy’s 
formula becomes identical with Fresnel’s.+ It hence appears 
that the formula above quoted is as well sign tie es- 
tablished, as any which has been deduced under the guidance 
of the Undulatory Theory, and one would naturally sup 
that it had been often tested carefully by experiment. This 
does not seem to have been the case, and tac not know that it 
has ever been rigidly tried by a delicate photometric method. 
On this account I have made a series of hietyaticia on plates 
of colorless glass which are detailed below. 

Mode of experimenting. 

* Pogg. Annalen, Bd. xxii, p. 98. Jamin in Poge. ta ee we 

tPogg. Annalen, Bd. ci, p. 241. t 08, Ee ey. Pee 
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Mode of determining the indices of refraction. 

In my experiments on transparent substances, oo where 
it was possible prisms of the substance were groun the in- 
dex of refraction of the sodium line determined as sia} with a 
graduated circle, collimating and observing telescope. In the 
articular experiments detailed at the termination of this article, 

the plates of glass used were so thin that it was not practicable 
to grind from them prisms, and for all such cases I contrived, 
tested and used two somewhat new modes of procedure, as 
neither the method of the Duke de Chaulnes (alteration of the 
focus of a microscope,) nor that of Bernard (displacement of an 
image viewed panely through a plate,) were here found t 
give > reliable 

1. A minute angular fragment of the glass to be experi- 
mented on was placed in a cell, on a glass slide, like those used 
for mounting microscopic objects, and surrounded with a mix- 
ture of “body-sperm-oil” and oil of cassia, the proportions be- 
ing varied the refraction of the glass for the sodium line had 
been exact. vo Se aaa by the oil. Olive oil became turbid 
when mixe e oil of cassia and hence could not be used. 
The mode of a caivg the refractive power of the mixture of 
the oils and glass was as follows: at the distance of half an inch 
below the level of a microscope stage was a fine slit, cut in tin- 
foil which had been pasted on glass; the microscope was fo- 
cussed on this, a sodium flame being used to illuminate it; the 
cell with the oil and fragment of glass was then placed on the 
stage of the microscope, and moved so that the light from the 
slit passed through the angular fragment, when it would happen 
that the line of light would be refracted to the right or left hand 
according as oil or glass predominated in re ve power, which 
made it Sectonily evident whether sperm oil or oil of cassia was 
needed. number of experiments were made to test this 
method, eich was found to answer well, the index of refraction 
as determined by prism corresponding ‘with that obtained by 
the use of the ent: so in the case of a sample of crown 
gies s a PE We prism gave the index of refraction as 1526, 
while by the new method it was found to be 1529. This 
method, however, is capable of still more accurate results, as in 
the above mentioned experiments, the compensation was pushed 
only far enough to answer my immediate purpose ; that is to 
say, the a may be considered to consist of one large tri- 
eee P with a moderate angle, and a number of smaller 

tion no oa taking place, and the werfully on the 
light coming from the slit, still furnishi power : es having 
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a lap i 2 deviation even after the main portion of the 
ent has ceased to perceptibly deflect it. 

ts no case did I push a gestae far enough to gather 

I give now the results of careful sets of experiments on the 
amount of light transmitted by two different samples of crown 
glass: in each case the results of four independent trials are 
given, each trial being worked out with the aid of seven double 
compensations. In the first case the thickness of the glass was 
15 millimeters, the index of refraction 1°5236, and sig for 
the effects of internal reflection, it should, according to theory, 
have transmitted 91-736 per cent of the light falling on it. Ex 
periment gave: aes 

91-440 
The difference ‘296 being hardly larger than the nec 
error connected with the method of making the detensaiiaane 

In the second case the index of refraction was 15225, the 
thickness 1°677 millimeters, and by theory it should have trans- 
mitted 91°763 per cent of the light falling on it. Below are the 
actual results obtained: 

90886 
90-948 
90892 
91895 

91155 
ee pape — of 500 per cent, or 51; of the whole 

is almost equall eatiataotory, and these experiments 
ig: T "chink, that the reflecting power of glass with the above 
index of refraction, conforms in the closest manner to the 
tions of theory. Elaborate experiments were also made wit. flint 
glass, quartz and calc-spar, but I suppress the results, as it after- 
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wards turned out that they were contaminated with minute 
errors of the character described in this article under the head 
“mode of adjusting, &c.” 3rd; the adjustment alluded to hav- 
ing indeed been always made, but not with a sufficient degree 
of care to exclude the last trace of error. 

New York, March 29th, 1870. 

Art. IL—The Ethers of Arsenic Acid and of Arsenious Acid ; 
by J. M. Crarts.* 

Mr. Frrepet and I observed, while aon kan the ethers of 

view to their let but I have only succeeded in the case 
of arsenious aci d cv: 

ARSENIATE OF ETHYL. 

The first attempts were made to prepare this body by the ac- 
tion of arsenic acid on the silicate of ethyl. The arsenic acid 
was dried by heating it in a current of air, and it was then 

in a glass tube with the silicate of ethyl, and heated in 
an air-bath. After heating 10 hours at 210° centigrade there 
appeared to be no reaction ; on heating 3 hours longer at 230°, 
a considerable quantity of the arsenic acid dissolved and ata 
ittle higher temperature the tube Se ae probably in conse- 
quence of the oxydation of the ether by the arsenic acid. 

In another experiment 20 grams of silicate of ethyl were 
heated with 8 grams of arsenic acid for 6 hours at 220°-230°. 
A gelatinous silicate of ethyl was deposited, and on opening the 
tube about $ litre of a gas having the properties of ethylene was 
evolved. A considerable quantity of common ether was formed, 
and the remainder of the liquid contents of the tube was par- 

* The chemical symbols used have the values which belong to them in the new 
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tially decomposed on distillation. After several distillations a 
small quantity of a body was isolated, which contained arseni- 
ous, but no arsenic seg and which proved to be an impure ar- 
senious ether. It is evident from these results that, at the 

the arseniate of ethyl can be easily prepared by the action of 
the iodid of ethyl on the arseniate of silver— 

8C,H, I+ Ag,AsO,=3Ag I+(C,H;),AsO,. 
When the two bodies, mixed with pure anhydrous ether are 

heated together at about 90° in a sealed tube, the reaction is 
completed in a few hours, and the point at which this takes 
place is marked by the change of color of the silver salt from 
red to light yellow. It is important that the arseniate of silver 
should be in excess and that the temperature should not exceed 
100°, as the iodid of Biel HS oe a portion of the arseniate 

e liquid of sil Ae ge Ne 
the tube and washed with a ether until it is entirely freed 

The solution in ether is distilled and finall th in a 
water-bath, while a current of dry air is peseol through it to 
carry off the last trace of ether. The arseniate of ethyl thus ob- 

can be most peed: ae ee te distillation in a 1 
sete in the air. 

ressure so 
as when it As —- aa — For instance, the pressure may 
well vary 2 illati 
a variation pease ap illimeters affects the boiling point 
much more than a wea from 200 to 202 millimeters, 

In the case of the —— of ethyl it was found that it dis- . 
tilled under a pressure of 60 millimeters at about 85° lower than 
in the air, and that this ditiureues of temperature was sufficient 



12 J. M. Crafts on Ethers of Arsenic Acid. 

to prevent decomposition. The distilling apparatus was pro- 
vided with an air reservoir and with a mercury guage, and the 
pressure was kept nearly constant at 60 millimeters during the 
course of the distillation. 

Arseniate of ethyl - eee at 148°-150° under a pressure of 
60 millimeters, 
About 4 of the bot aades quantity are obtained by the above 

method of prepar 
The arsenic ss ay are immediately decomposed by smallest 

traces of water and it is essential that the common ether use 
in their preparation should be abeslaiely anhydrous. It is also 

for the operation in the sealed tube, that it should 
contain no alcohol, since the iodid of ethyl acts upon alcohol 
with formation of ordinary ether and water. Ether can be mos 
easily freed from small quantities of water and alcohol by di- 
gesting it several times with shavings of sodium, which can be 
cut with a knife from a large piece, allowing it to stand each 
time 24 hours with the sodium, and then distilling. Ether so 
prepared can be heated with sodium to 90° in a sealed tube 
without the Baallest evolution of hydrogen. 

The following analyses were made of arsenite of thes dis- 
tilling at 148°-150° under a pressure of 60 millim 

i. Lee oe = 02980 grms. ; CO, = 03470 grms.; H,O = 
174 

IL Substance = 0°9260 grms.; arseniate of magnesium and 
ammonium = 0°T705 grms. 

The determination of arsenic was made by decomposing a 
weighed quantity of the arseniate of ethyl by water, evapora- 

with nitric acid, and determining the arsenic acid as the 
arseniate of magnesium and ammonium on a weighed filter. 

Calculated for (CoHs)3 AsO, 

31°86 
6°64 

BGs oes 82-85 33°18 
The density of liquid arseniate of ethyl at 0° ie ge 

with that of water at 4°=1°3264. Its density at 8°8°=1-3161. 
The density of vapor of arseniate of ethyl - _ be taken 

on account of its decomposition by heat. omposition, 
owever, is not so great, but that its boiling int in the air 

can be determined with sufficient accuracy. pe a portion 
of the arseniate of ethyl, which has been patios by distillation | 

stil ter pepe diminished pressure, is distilled in the air, the greater 
abe f it passes at 235°-238°, but toward the last part of the 

illation decomposition ensues, and a white frothy deposit of 
arsenic acid is left in the retort. 

eniate of ethyl attracts moisture from the air and is im- 
sesiintoly decomposed with formation of arsenic acid and al- 

gE er eee 



J. M. Crafts on Ethers of Arsenic Acid. 13 

cohol. It dissolves immediately in water, heres the same 
decomposition. Particular attention was paid to the question 
of the existence of ethyl-arseniates, and experiments were made 
under the most favorable conditions for observing their forma- 
tion, but thus far with negative results. Felix D’Arcet, (Ann. 
Chem. und Pharm., xix, p. 202), gives the analysis of the barium 
salt of the di- ethyl arsenic acid ee H,),(AsG y, 4 
Hugo Schiff (Ann. Chem. und Pharm., cxi, p. ‘87 ae failed to - 
tain this body on n dimariberine arsenic mane in alcohol, evaporating 
until the solution acquired the consistency of a syrup, cepa =” 
in water and neutralizing with baric carbonate. This result 
proves at least that no ethyl arsenic seid can exist in adrnseii 
solution, and my own experiments confirm those of Mr. Schiff. 
It ted oe possible that when the arseniate of ethyl is 5 deottik 
posed b oy water, the decomposition might pass through two sta- 
ges, and that ethyl arsenic acids might at least exist for a time 
n the aqueous solution, even though they were ultimately 
es destroyed. In order to test this idea, a weighed 
quantity of arseniate of ethyl was dissolved in water, litmus so- 
lution was added and ** was aig ge ad immediately with a 
standard solution of the decomposition with 
water had been a psudasics one eer iene of the acids men- 
tioned, the neutralized solution should have developed an acid 
reaction after the lapse of a considerable time. This was not 
the case. The same amount of ammonia was required for neu- 
tralization, either immediately, or after the solution had stood 
24 hours, and moreover, the reaction was exactly similar to that 

itmus with ammonia. 

Another attempt was made to obtain the ethyl arsenic acid 
in an alcoholic solution. Pure arseniate of ethyl was mixed 
with alcohol, and only enough aqueous alcohol was added to 

ish water for the decomposition expressed by the reaction : 
(C,H,), AsO, +H,O = HC, 4) AsO, 4-0, 00; 

and the mixture was nc acd in vacuo. It behaved exaotly 

tion cits some of the undeco ecomposed arseniate of Bil: 
H(C,H,), AsO, +(C,H,), AsO,=(C,H,), As,0,+0,H,O; 
but no condensed ether like the one whose fiemuls j is given was 
obtained, and the only result of the decomposition with aqueous 
aleohol under these circumstances is the setting free bes arsenic 
acid and alcohol. . 
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Arseniate of ethyl is immediately decomposed by ammonia 
with the formation of a crystalline body, which it is very difficult 
to obtain pure on account of the extreme avidity with which it 
absorbs moisture. The results of several analyses lead to the 
conclusion, that the body which is first formed has the compo- 
sition: (C HH. ).NH, AsO,, and that it absorbs water to form a 
di-ethyl arseniate of ammonium, (C,H,),NH,AsO,, but the 
study of this product is not yet completed. 

ARSENIATE OF METHYL. 

The arseniate of methyl can be prepared from the iodid of 
methyl and arseniate of silver in the same way that the arseniate 
of ethyl is prepared. The crude product is purified by distilla- 
tion under a pressure of sixty millimeters. At this pressure it 
distils without decomposition at 128°-130°. 

x erage ‘4500 grms. ; CO,=0°3285 grms. ; H,O=071980 

aa pe 0°8070 grms. ; As,0;=0 ‘4966 grms. 
The determination of arsenic was made by decomposing the 

ether with water, evaporating with nitric acid, and heating the 
arsenic acid thus formed with oxyd of lead. 

Calculated for (CH3)gAs04. 

19°57 
H = 491 aii 4°89 

40°76 
The density of liquid of ena of aoe at 14°5, com- 

pared with water at 4°, =1-5591 
en pure arseniate of methyl is distilled in the air, the 

greater part passes at 213°-215°, bai there is a partial decom- 
position with separation of arsenic aci 

It resembles the arseniate of ethyl in ‘all its properties. It is 
a colorless liquid, miscible in all proportions with water, and it 
is decom immediately into arsenic acid and alcohol by 
the action of water or moisture for the air 

ARSENIATE OF AMYL. 

a oy is produced by action of iodid of amyl on the 
of silver, but it cannot be obtained in a state of 

y Bette bocanee it decomposes oses, even when distilled in vacuo. 
ae product of the reaction, after having been heated 
to 170°, was mixed with os ether, when a considerable 
quantity of arsenious acid was precipitated ; after filteri Tose 3 
os was: origeee in an oil- hath, and finally a current 0 a 

ssed through it, while the bath was kept at * 
an onalvae of the product so obtained gave C=39°31 per cent 
and H=7°64— pli cent, instead of C=5114 per cent and 
H=9°37 per cen Zs 
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air, in order to free it as far as possible from products of decom- 
position. The analysis of this product gave C=44°82 per cent 
and H=8-41 per cent instead of C=51-14 per cent and H=9°37 
per cent. 

The products analyzed appear to have been arseniate of 
amyl mixed with arsenic aci 

ARSENITE OF ETHYL. 

The ethers of arsenious acid can be prepared more readily 
than these of arsenic acid, and several reactions may 
— to obtain them. 

rsenite of ethyl is produced in the following reactions : 
By the action of arsenious acid on the silicate of ethyl By 

the action of iodid of ethyl on the arsenite of silver. By the 
action of the chlorid or bromid of arsenic on the alcoholate of 
sodium. ei of arsenic and the alcoholate of sodium 
give no arsenite of ethyl. 

hen arsenious acid 4 is heated with alcohol to about 200° in 
a sealed tube, a considerable quantity of the acid dissolves, and 
cry es out on cooling as beautifully formed octahedrons, 
A small quantity of arsenic is reduced and a corresponding 
quantity of aldehyd is formed. No arsenious ether is formed. 

rsenious acid was heated with a mixture of common ether 
and a of ethyl for 20 hours at 200°, but no reaction took 

Fas It ial highly probable that arsenite of ethyl might be 
obtained by heating together, common ether pa chlorid of 
arsenic according to the reaction 

AsCl,+3(C,H;),0= (C,H,),As0,+8C,H,Cl, 
but this proved not to be the case, for after ee two substances 
had been heated together 20 hours at 200°, it was found that 
no chlorid of ethyl and no arsenite of ethyl nad be been formed. 

It been pba noticed that by a process of reduction 
arienite of ethyl is produced, when arsenic acid is heated with 
silicic ether. When arsenious acid is heated to about 200° in 
a sealed tube with silicic ether, the only reaction which takes 
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obtained asia less nearly to the theoretical quantity ; 
there is, howev o difficulty in ny pure arsenious 

arsenious ether can be bere by washing the silver salt 
with common ether and finally by distilling the solution in 
ether. 

The action of alcoholate of sodium upon the chlorid, or, 
better still, upon the bromid of arsenic, furnishes the "best 
method for obtaining the arsenite of et L 

It is well known that the chlorid of arsenic combines with 
alcohol with evolution of heat to form a definite compound,* 
which distils without decomposition. 
When the bromid of arsenic is mixed with an equal volume 

of a the heat evolved is very slight (an elevation of tem- 
ure of 8° was noticed), and no definite combination appears 

to Ge formed. If alcoholate of sodium is added to a mixture 
of either the chlorid or bromid of arsenic with alcohol, a pre- 
cipitation of chlorid or bromid of sodium takes place imme- 
diately, and arsenite of ethyl is formed, but if the addition of 
the alcoholate is continued until all the chlorine or bromine is 
combined with sodium, the arsenite of ethyl is destroyed at 
the same time.t If the operation is terminated before all the 
chlorid or bromid of arsenic has been acted upon, a mixture of 
the undecomposed chlorid or bromid with arsenite of ethyl is is 
obtain 

It was ‘thought at first that the difference between the boiling 
int of the bromid of arsenic (222°) and that of the arsenite 

of arsenious acid will be noticed below. 

"he 

Se ot Miaiite of tide siete in dissolving 5 parts of 
romid of arsenic in absolute alcohol and in adding to the solu- 

es, Ann. Chem. und Pharm., exvi, p. 368. 
; feo be Comptes ion April, 1867. 



J. M. Crafts on Ethers of Arsenic Acid. 17 

-water-bath, pure ether is added to the sone sta ey ae 
monia gas is passed through the solution ether in onder 
to precipitate the bromid of arsenic, which is 5 Snel with the 
arsenite of ethyl. The latter is separated from precipitate by’ 

___washing with ether, the ether is distilled in a water-bath, and 
| nally a current of dry air or carbonic acid is passed through. 
The residue consists of arsenite of ethyl containing some 

arsenious acid and bromid of sodium in solution. It can be 
purified completely by two or three carers Pure arsenite 
of ethyl boils at 165°-166° (no correctio 

nalyses were made of products obtained by the three 
methods of preparation described abov 

i ee ‘2320 grms. ; CO,=0 nee grms. ; H,0=01590 

i Sulstance=0 4960 ed G,0= wheat grms. ; te 0°3160 

ut 5 Shbebanesti0 ‘2510 gress - arseniate of magnesium and am- 
montum=\'2311 grms. 

The determination of arsenic was made by weighing the age 
stance in a bulb, breaking the bulb under a solution of 
caustic potash, oxydizing the arsenious acid by chlorate of 
potash and chlorhydric acid at a temperature of 50°, and pre- 
cipitating by sulphate of magnesium and chlorid of ammonium 
in the = nary way. 

IL III. Calculated for (OgHs)gAs Og. 
0=3438 — 84:33 eee 34-29 
= 761 708 ace 714 
s= . peace 36.34 35°71 

E  S8he daeusey of liquid arsenite of ethyl compared with that of 
_ water at 4°=1-224. 

; vapor density determinations were made at different 
. temperatures by Du method. 

‘ Difference ies the weights of the Sith orate on 
Temperature of the balance, 
Temperature of the oil-bath (air thermometer) = 9670 
Capacity of the bulb, =269°55 cc. 
Air sep = O5ac¢ 

Vapor density =7-389 Theory=7-2673 
The vapor density at 209 Pos ye 4 

213° 
“ “ 33° 119 

Am, Jour. Sct.—Seconp Seriss, Vou. L, No. 148.—Juxy, 1870. 
2 
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The last determination is probably too small through some 
fault of manipulation. It is to be expected that the numbers 
should be a little too high, since the arsenite of ethyl is decom- 
osed the slightest. trace of moisture, leaving a deposit of 

arsenious acid in the bulb. The arsenite of ethyl is a colorless 
liquid with a peculiar, but not disagreeable, odor, and sufficiently 

‘volatile to make its presence ges perceptible in a room, 
where it is standing in an open te 

ers of arsenic do not appear to have the extraordin- 
poisonous properties, which are attributed to arseniuretted 

ee ogen, at least I have ie ia no inconvenience after having 
worked with them for several year 

Arsenite of ethyl is miscible in any proportion with alcohol 
and ether, but it is decomposed by aqueous alcohol. The only 
products of decomposition are arsenious acid and alcohol, and 
no compound ether with the formula, (rH ASO | is formed. 
This ether is also not produced according to the reaction: 

4(C. 2 Hs)s AsO;+ As,O3;= 3(C.H,),A%0, 

when arsenite of ethyl is heated to 300° with arsenious acid. 
Arsenite of ethyl at its boiling point dissolves about 4 its 
weight of arsenious acid, but a considerable quantity separates 
out, when the solution is allowed to become cool. Arsenite of 
ethyl can be distilled unchanged over dry arsenious acid. 

case the reac i Tol to the formation of alcohol and bromid | 
of 2 arsenic, ait it may be expressed by the equation : i 4 

(C,H;);AsO;+3HBr=8C,H,O+ As Br. 
All that is waa to study this reaction is to pass oy brom- 
hydric acid through arsenite of ethyl, when the alcohol can be — 
of en by distillation, leaving a ew residue of bromid 
of arse 

for ates: in the ethyl, and that the substituted ether thus 
formed i is decomposed by the bromhydric acid which is evolved 
in its formation. 

- Iodine does not act upon the arsenite of ethyl, and the two 
| ‘bodes can be separated by distillation. Dry ammonia a. is 

7 : bees without action upon the arsenite of ethyl as 
e other ethers of arsenious acid, and they can ever be 
in an a of ammonia without alteration. 
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ARSENITE OF METHYL. 

The arsenite of methyl was prepared by heating dry arsenious 
acid with the silicate of methyl for 12 hours at 160°, and very 
neay ae theoretical quantity was obtained. 

I also obtained by the action of iodid of methyl on 
gsinite of silver in a sealed tube. The reaction does not take 
place at a temperature lower than 150°, and at that tempera- 
ture a considerable part of the arsenious ‘ether is destroyed, so 
that the first eked of preparation is to be preferred. 

e arsenite of methyl boils at 128°-129° (no correction). 

L a 4990 grms.; Co,=0°3966 grms. ; H,0O=02442 

uw’ ge ae 3725 grms ; As,O;=0°2525 grms. 

The arsenic determination was made by decomposing the 
ether with water, oxydizing with nitric si evapo © and 
combining the arsenic acid with oxyd of le 

Lt Calculated for (CH3 0: 

C=91°67 oe pa a tte 
iss Sabi ee Seas 

reer: 449] 44-64 
The density of liquid of arsenite of methyl at 9°°6 compared 

wh that of water at 4°=1:428. The vapor density was dleter- 
ined from the following data : 

Difference between weights o bulb=0°5265 grms. 
Temperature of the balance : =16° 
Temperature of the oilbath (air- -thermometer) = =197° 
Capacity of Me bulb, =1615 cc. 
Air remaining = ldeac 

Vapor diate 006 Theory=5°818 

_ The determination probably pene out too high on account 
_ of the decomposition of a small quantity of ether by the 

- moisture of the air. 
The arsenite of methyl resembles the arsenite of ethyl in its 

pr ies. It is decomposed immediately by water and also 
by the moisture of the air with formation of arsenious acid and 
methylie alcohol. 

endeavoring to to obtain the chlorhydrines of these ethers a 

* This Journal, IL, xhii, p. 155 and 331. - 
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stant boiling points. In fact, y combining the chlorid of 

ever been observ 
The boiling point of the arsenite of ethyl is 166° (no correc-, 

tion). T'wo parts of arsenite of ethyl and one part of chlorid 
of arsenic mix with pa eee of heat, and the pro- 
duct distils constantly at 159°-164° (no correction 

A mixture of equal parts of chlovid of arsenic and of arsenite 
of ethyl ato at 150°-152°. 
A body was also obtained by the action of alcoholate of 

sodium upon aie bromid of arsenic in excess, which contained 
65°75 per cent of bromid of arsenic and 34:25 per cent of 
arsenite of ethyl, and which distilled constantly at 182°-185° 
=~ correction). The ae or bromid of arsenic in all these 

dies combines directly with dry ammonia gas, leaving the. 
pene ether free. 

ARSENITE OF AMYL. 

The arsenite of amyl was ee by the action of the — 
he amylate of sodium upon the bromid of arsenic in the same — 

way as was described for the preparation of the arsenite of F 
ethyl. 

e product, however, orinot be purified by distillation in — 
the air, since it decomposes in part at its boiling point, It can, 
however, be purified by dia illation under a pressure of 60 — 

llimeters. e following analysis was aan of a produc 
boiling a 193°-194° (no correction) under a pressure of 60 
milli imete 

Sudtner=0-400 grms. ; CO,=0°7950 grms. ; H,O=0°3578 

Calculated for (O5Hj1)gA803. 
C=53°01 53°57 
H= 9°72 9°82 
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The density of liquid arsenite of amyl at 0° compared with 
that of water at 4°=1:0525. Arsenite of amyl, which has 

_ been purified pi distillation under a dimifished pressure, 
distils in the air at 288°-290°, but read the last part of the 
distillation arsenious acid separates ‘ou 

Arsenite of amyl is not more stable ‘than the other ethers of 
arsenious acid. It is immediately decomposed by water and 
also by the moisture of the air 

nite of amyl has analogous properties with the arsenites 
of ethyl and methyl. 

The relations between the boiling points of the bodies ee 
scribed in this Ss paper present some curious anomalies, and 
not fall within Kopp’s law derived from the study of the more 
simple ethers. 

Boiling points under a pressure of 60 millemeters : 
(C.H,)3;AsO,= 149° 
(CH,);AsO, =129° 

Difference =. 20° 
Boiling points under the atmospheric pressure: 

(C,H;);AsO,= 166° 
(CH;)sAsO3 =129° 

Difference = 37° 
In the first ae the difference of boiling point for each i incre- 

ment of CH, is 6 
In the second case the difference is 124°. 
I have already stated in a communication to the French 

_ Academy of Sciences, (April 2, 1867 A that tungstiec and anti- 
: monius a an no ethers when ey are heated with the 

silicate 

Pats Hk—On the probable wnat of ie Action ; i 
Srerry Hunt, LLD., F.RS* 

THE i igneous theory a the earth’s crust, which supposes it to 
_ have been at one time a Sisee mass, and to hes retain in its in- 

Se qonceiyed by —— to de rae ite a “emery heat of 
eses have been = t ovens. 

* From the Geological Mages for Five. 1869. 
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st of no great thickness was formed, which rests upon the 
all uncongealed nucleus. The second ‘hypothesis, maintained 

Hopkins and by Poulett Serope, supposes solidification to 
have commenced at the center of the liquid globe, and to have 
advanced toward the circumference. Before the last portions 
became solidified, there was produced, it is conceived, a con- 
dition of imperfect liquidity, preventing the sinking of the cooled 

eavier particles, and giving rise to a superficial crust, from 
which solidification would proceed downward. There would 
thus be a between the inner and outer solid parts, a =f Se 

existence is thus conciliated with he pe ee facts of a flexible 
crust, and of liquid ignited matters beneat 

Ho opkins, in the discussion of this question, insisted upon the 
fact established by his experiments, that pressure favors the 

cation of matters which, like ‘rocks, ass in melting to a 
leat dense condition, and hence concludes that the pressure ex- 
isting at great depths must have induced solidification of the 
molten mass at a temperature at which, under a less pressure, it 
would have remained liquid. Mr. Scrope has followed this At 
by the ingenious suggestion that the great pressure upon p 
of the solid igneous mass may become relaxed from the eft of 
local movements of the earth’s crust, causing portions of the 
solidified uae to pass immediately into the liquid atnte, thus 
iat rise to eruptive rocks in regions where all before was 

igneous Aisa In this Conbauolbite it is curious to peng that, 

as pointed out by Mr. J. Clifton Ward, in the same Magazine — 
for Dece ier: (page 581), Halley was led, from the study of ter- _ 
restrial magnetism, to a similar hypothesis i sup osed the 

rust, and others in an interior mass, oh ated from. the a 
sli i envelope by a fluid medium, and revolving, by a very 

See Scrope on Voleanos, and his communication to thi ——— : 
for Dee, 1868, : s 
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of the congealed primitive mass, disintegrated and modified 

y chemical and mechanical agencies, impregnated with water, 
and in a state of igneo-aqueous fusion. 

The history of this view forms an interesting chapter in 
geology. As remarked by Humboldt, a notion that voleanie 

to be drawn between Neptunian and volcanic rocks, since they 
gear into each other. Voleanic phenomena, according im, 

eir origi in an igneous fluid center, nor in an 

traversed by an electric current, became a strong magnet when liquid at a tempe- 
rature of .1300° C., and retained its magnetism while cooling (Comptes Rendus de 
V’Acad. des Sciences, Feb., 1869. 
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forms the elements of the sedimentary strata, with an evolution 
of heat as a result of the chemical process ( Naturgeschichte, vol. 
i, p. 109; also Bull. Soc. Geol. de France oe vol vii, p. 197). 
In commenting upon these views (Am. Science, July, 
1860), I have “remarked that, by she ci incandescent 
nucleus as a source of heat, Keferstein has excluded the true 
exciting cause of the chemical changes which take place in the 
buried sediments. — notion of a subterranean combustion or 
fermentation, as a source of heat, is to be rejected as irrational. 
A view identical cits “ae of Keferstein, as to the seat of 

voleanic phenomena, was soon after put forth by Sir John 
Herschel, in a letter to Chases Lyell, in 1836 (Proc. Geol. 

ay g from the suggestion of Scrope 
and d Babbage that the Sotconat horizons in the earth’s crust 

rise as a consequence of the accumulation of sediments, he 
ined that mie buried strata will thus become ¢ —E stallized 

Herschel was farstnrs ignorant of the extent to which his views 
had been anticipated by Keferstéin; and the suggestions of the 
one and the other seemed to have passed Pagipesnen by geologists 
— in E Marek se I Rene, them in a paper read before 

ar tinder the influence of a tat: temperature “in sediments 
permeated with water, and containing, besides -siliceous and 
aluminous matters, carbonates, chlorids, and carbonaceous sub- 
stances. From these, it was shown, might be produced all the 
gaseous emanations of volcanic districts, while from aqueo- 

‘ eous fusion of the various oo es might result the great 
variety of eruptive rocks. uote the words of my pape 

just referred to: “We ase that the earth’s solid cs of 
. anhydrous and pve igneous rock is everywhere deeply 
concealed beneath its own ruins, which form a great mass of 
sedimentary strata, permeated by water. As heat from beneath 
invades these enna it produces i in them that change which 
constitutes normal metamorphism. These rocks, at a sufficient 
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fluids by their fusion, earthquakes and volcanic eruptions may 
result, and these—other things being equal—will be most likely 
to occur under the more recent formations.” (Canadian Journal, 
May, 1858, vol. iti, p. 207). 

The same views are insisted upon in a paper “On some Points 
in Chemical Geology” (Quart. Jour. Geol. Soc. London, Nov. 
1859, vol. xv, page 594), and have since been repeatedly put 
forward by me, with’ farther explanations as to what I have 

' designated above, the ruins of the crust of anhydrous and primi- 
tive agneous rock. This, it is conceived, must, by contraction in 
cooling, have become porous and permeable, for a considerable 
depth, to the waters afterwards precipitated upon its surface. In 
this way it was prepared alike for mechanical disintegration, and 
for the chemical action of the acids, which, as shown in the two 
apers just referred to, must have been present in the air and 

the waters of the time. It is, moreover, not improbable that a 
et unsolidified sheet of molten matter may then have existed 
eneath the earth’s crust, and may have intervened in the vol- 

canic phenomena of that early period, contributing, by its ex- 
travasation, to swell the vast amount of mineral matter then 
brought within aqueous and atmospheric influences. The earth, 
air, and water nade to react upon each other, constitute 
the first matter from which, by mechanical and chemical trans- 
— the whole mineral world known to us has been pro- 

| 

due : 
It is the lower portions of this great disintegrated and water- 

impregnated mass which form, according to the present hypo- 
thesis, the semi-liquid layer supposed to intervene between the 
outer solid crust and the inner solid and anhydrous nucleus. 
Tn order to obtain a correct notion of the condition of this mass, 

’ both in earlier and later times, two points must be especially 
_ considered, the relation of temperature to depth, and that of 
_ solubility to pressure. It being conceded that the increase of 

temperature in descending in the earth’s crust is due to the 
transmission and basa of heat from the interior, Mr. Hopkins 
ho ically that there exists a constant proportion 

between the effect of internal heat at the surface and the rate at 
which the temperature increases in descending. Thus, at the 
present time, while the mean temperature at the earth’s surface 
is augmented only about one-twentieth of a degree Fahrenheit, 
by escape of heat from below, the increase is to be found 

e 
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great as now, or one degree for each three feet in depth (Geol. 
Journal, viii, 59.) The conclusion is inevitable that a a 
of things must have existed du uring long periods in the 
of the cooling globe, when the accumulation of aparativaly 
thin layers of sediment would have been sufficient to give rise 
to all the phenomena of metamorphism, vulcanicity, and move- 
ments ‘of the crust, whose origin Herschel has so well ex- 
laine 
Coming, i in the next place, to consider the influence of pres- 

sure upon the buried materials derived from the mechanical and 
chemical disintegration of the primitive crust, we find that by 
the presence of heated water throughout them, they are placed 

While pressure raises the fusing point of such bodies as expand ? 
im passing into the liquid state, it depresses that point for those 
which, like ice, contract in becoming liquid. The same princi- 
ple extends to that liquefaction which constitutes solution ; 
where, as is with few exceptions the case, the process is attended 
with condensation or diminution of volume , pressure will, as 
shown by the experiments of Sorby, augment the solvent power 
of the liquid.* Under the influence of the elevated tempera- 3 
ture and the great nit which prevail at considerable depths, | 
sediments should, therefore, by the effect of the water which 
they contain, acquire a a certain degree of liquidity, rendering not 
seme the suggestion of Scheerer, that the presence of five 

ent of water may suffice, at gs et Ma oo eo 
Se to give to a granitic mass a hq g at 

once of the character of an igneous and an aqueous oat chm 
studies by Mr. Sorby of the cavities in apeals have led him to 
conclude that the constituents of granitic and trachytie rocks 
have crystallized in the presence of liquid water, under great 
pressure, at tem om hate not above redness, and ‘consequently 

that required for ce igneous fusion. ' The 

re ai admitted.’ In this connection, the reader is referred 
to the Geological Magazine for February, 1868, page 57, where 
the history of this question is cceccion § 

__ It may here be remarked that if we regard the liquefaction 
of heated rocks under great pressure, and in presence of water, 
asa eee. - solution rather than of fusion, it would follow 

that dimin of pressure, as supposed. b Mr. a: would 
cause, not Se ection, but the reverse. The mechanical pres- 
sure of great accumulations of sediment is to be regarded as co- 
rms with heat to augment the solvent action of the water, 

~ geeks — Lecture, Royal Society, 1863. 
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tt ean: the solution of the water-impregnated mass. 

rather than simple fusion, is the cause of liquidity, I am led to 
consider pressure as one of the efficient causes of the liquefac- 
tion of rocks, and to regard its diminution as leading to solidi- 
fication.” ]* 

That the water intervenes not only in the phenomena of vol- 
canic eruptions, but in the crystallization of the minerals of 

ms rocks in Hungary and Armenia, made by Streng, and pat 

crepancies between the actual and the calculated results as to 
ow grave doubts on Bunsen’s hypothesis, 

* See in this connection, Mr. Serope on “The Character of Lavas.” in th 3 
ical Magazine for March 1870. , in the Geolog. 



28 T. S. Hunt on Voleanie Action. 

Two things become apparent from a study of the chemical 
nature of eruptive rocks ; first, that their composition presents 
such variations as are irreconcilable with the simple origin gen- 
erally assigned to them, and second, that it is similar to that of 

entar rocks, whose istory and origin it is, in most cases, 
not difficult to trace. I have elsewhere pointed out how the 
natural operation of mechanical and chemical ‘agencies tends to 
produce among sediments, a separation into two classes, corres- 

ponding to the two great divisions above noticed. From the 

t Some of these are in great part magnesian, others con- 
sist of bempounds like anorthite and labradorite, highly alum- 
inous basic silicates, in which lime and soda enter, to the almost 
complete exclusion of magnesia and other bases; while in the 
masses of pinite or agalmatolite rock we have a similar ae 
ous silicate, in which lime and magnesia are wanting, and 
ash is t e predominant alkali. In such sediments as these ae 
Spaiiterated we find the representatives of eruptive rocks like 
peridotite, phonolite, leucitophyre, and similar rocks, which are 
so many exceptions in the basic group of Bunsen s, how- 
ever, they are represented in the sediments of the earth’s crust, 
their appearance as exotic rocks, consequent upon a softening 
and extravasation of the more easily liquefiable strata of deeply 
buried formations, is readily and simply explained.* 

The object of the present communication has been to call the 
attention of geologists to the neglected views of Keferstein and 
Herschel, which I have endeavored to extend and to adapt to 
the present state of our knowledge. It is proposed in another 
ay to consider the question of the agencies which have regu- 
pied the Sh Eero mae a of volcanic phenomena both 

ancient and in ti 
_ Montreal, Canada, ia seal 

_ * See in this connection ae Canadian ei ae for Pei p. 203; Quart. Jour. 
Geol. E couse for 1859, p. 494; this Jour., II, xxxv Xxxviii, 182; also 
Sectony of Canada, 1863, pp. 643, 669, po Rep. Geol. ‘unite, 1866, p. 230, 
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Art. [V.—Notes on some features of the Flora of Hastern Kansas ; 
Ligv HALL. 

[The following enone of two articles (somewhat curtailed) 
published in the rie Farmer, which give so clear an exposition 
of the general Jentares of the vegetation 1 of the region under con- 
sideration, that we have sought and obtaine permission to repro- 
uce them in this Journal. —Eps. | 

TREE GROWTH.—In a trip in September last in a wagon 
ough a portion of Eastern Kansas, from Forts tt and 

Humboldt north to Leavenworth and Atchison, I had excellent 

question arises ge te all these aiwatted. distorted _abnormally 
elbage ae specimens everywhere, as compared with the true 

e of trees, such as we are accustomed to in our own noble 
denizen of the Mississippi aah forests. True, on the larger 

, the black alluvial t grow some very fine speci- 
mens of black walnut, pace and elms, but this area is 
quite limited. 
We should naturally infer from this character of the native 

arborescent growth of the country that causes had been long 
existing and were yet in operation to produce so general a result ; : 
but since the settlement or since the planting of trees has 
commenced there by the inhabitants, everywhere living e vided 
ces are springing up directly opposing all such inferences. In 
some parts of Jefferson county, artificial groves only ten years 
old, are already 50 feet high, and appearing, through the misty 
haze 0 autumn, like natural groves on the prairies of central 
Illinois. There are evidences, too, that the native growth, that 
is, the young trees, in all the givaby regions, are making good 
speed in becoming saplings of proper sa rtions; this is par- 
ticularly so of the hickory, rabata alba and C. poreina. 

ese many facts satisfy us that the mee of the abnormal 
tree growth here are not ascribable to an uncongenial ate, 
nor to aridity or sterility of soil, nor to exposure, for the flour- 
ishing artificial groves in Jefferson county are upon as hich 
land as there is probably in the 00 so near the Missouri river. 

trees, e, h, pear, and the 
vine, during the past season, 5 Tee podisoe, oe 

PECIES AND DISTRIBUTION oF NATIVE Pres ‘ite Oak 
Family is represented by Quercus obtusiloba everywhere in the 
eye) rope re Laa as dwarfed low trees and bushes. 

is less abundant, but occurs throughout, some 
specimens sedagod ‘heey proportions, @. Prinus, (var. humilis,) every 
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where in the bushy regions from one foot to forty feet high, fruit-. 
ing abundantly; the very smallest bushes. The White Oak 
(Q. alba) was not met with. I doubtif there isa specimen in the 
State, authors of books on Kansas and travelers to the contrary 
notwithstanding. It is known to be one of the first oaks that 
ee pee and probably does not reach the State at any 

Guat coccinea Was ioe met with, but is not abun- 
dant; all dwarfed spec 

Quercus rubra is more mg ae principally young tr 
ercus palustris, in the southern portion of the ‘State is 

abundant, the principal tree-growth mostly bushes and young 
trees, and some large old specimens of fair proportions on the 
bottoms of the larger streams. 

The Hickory Family is represented by Juglans migra, on the 
streams, but not plentiful ; a few large specimens. 

Carya alba, C. suleata, C. porcina, C. amara and C. oliveformis, 
(the Pecan ;) the latter abounds abundantly in the southern part 
of the State, but so far as seen, in rece! specimens or young 
trees of little promise. Carya alba and C. porcina are the two 
species Springing up ies in the rare regions, and are des- 
tined soon to afford an abundance of the best of fuel; are 
Becady of size for hoop. poles in many places northward. U/l- 
mus fulva and Ulmus Americana abound on the streams. These 

the two SRP elms everywhere westward; the latter 
eticivally prevail 

Populus irnlinds ‘the common cotton-wood, was frequently 
met with, but is probably not plenty after leaving the Missouri 
river. Neither ot the Aspens, so common in the regions further 
north, was seen. e maples are rare trees. Acer sacharinum 
was not ees A few well grown trees of Negundo aceroides, (the 
box elder). The Diospyros Virgmiana, (Persimmon,) is an 
abundant shrub southward, and the Pawpaw (Asimina_triloba) 
is scarcely less common in that region. - 

THE Herpaczous Fiora, as would be expected, partakes 
much of the character of the high plain flora west of the Mis- 
souri river; the country being chiefly prairie: the number of 
.. is smnll but individuals aggregate immensely. Of the 

3 he fureatus, A. sco i’ and he ahief I nu- 

This grass seat sscanlls nig rte 

os oa it affects the moister and flatter 
most common southward. It is isa 

Pee are eae 
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wide-spread species, however, being plentiful in Nebraska, Iowa 
and Illinois, and, doubtless, in other localities; more or less 
shaiteat all over the west and northwest, extending east also to 
Connecticut. The species may be easily known by its small 
contracted panicle and guger seeds, ee especially by its strong 
odor when bruised. It is inclined to grow in panes or stools, 
and where most abundant is meant occupies the grou 

The relative proportion of species as they occur in the locali- 
ties mentioned poew will pretty fairly represent the Graminea 

igh } 
furcatus, 6 per cent; Andropogon scopari ius, 30 per cent; 
Sorghum nutans, 45 per cent; Bouteloua curtipendula, 10 per 
cent; Panicum virgatum, 8 per cent; Panicum dichotomum, 
1 per cent. 

Same area in Anderson county; a thin soil, high prairie:— 
Andropogon scoparius, 50 per cent; Andropogon deeaine 

per cent; Panicum pauciflorum, 1 per cen 

determine the character of the vegetation, the soils not A 

ground from the high prairi aes con- 
sists in ne ie te lined out and et 
abundantly by a very notable Helianthus, (sunflower,) H. orgyalis, 
a species peculiar to ee region of the country and southward. 

of Kansas, and p uliar to those regions, is Amphiachyris dra- 
cunculoides. is an annual, resembling Solidago linifolia, 
but bearing an mes pe of showy, yellow flowers in Septem- 
ber. It has spread from its native —— rocky soils— 

per cent; Sorghum nutans, 40 per — oeleria cristata, 7 _ 

These stations are all on the prairie, at no local conditions 

ese rocky lands ft the botanist chest treasures. 
Another very Een ome of the saviors and middle portions 

cee eS me oe 
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to the road sides and into the fields of the farmers, where it has 
already become a formidable weed. Imagine a field of flax in 
full bloom, and you have a picture of many fields of the Kansas 
farmers, only differing in appearance by the flowers being yellow 
instead of blue. It has different loca names, such as Butter- 
weed, Tumble-weed, etc. A shopkeeper in Humboldt, to whom 
I applied for information, rather “ages tuously replied, “ Curl- 
ous any body didn’t know tumble weed.” Let not our readers 
imagine that the plant is iiinieidvd albus, or Cycloloma platy- 
phyla, that so often tumble over the fences and hedges in Ih- 
nois in the autumn months. But the Kansas plant does tumble 
some, too. When not growing too thickly, it forms a rather 
bushy, round head. 
Ste sarap the most notable plant on oo ae at this 

d th 

plain below with a canopy of blue. Another species of Sage 
(Salvia trichostemoides) is common also. This is more of a weed 
in 2 Siar and even threatens to become troublesome to the 
agriculturist. 
The aeamsl ip tae flora is largely represented with the 

Helianthi. Helianthus lenticularis, a showy species, much re- 
sembling the common ceric sun- ‘flower, i is too abundant, being 
more or less troublesome as a weed to the farmer. Helianthus 
petiolaris, another annual species, is less common. TH. grosse- 
serratus, H. Maximiliant on most rich soils. H. rigidus every- 
where abounds, and H. mollis occurs in all the southern por- 
tions in immense quantity, but entirely disappears northward. 
Only Silphium laciniatum was seen. The other ootabie pene 

ies of “rosin weed,” Silphium terebinthinaceum does not 
ely occur. These plants I as are looked after by land 
unters as indications of a good I find the one species 

here of all heights, from a foot to six a ee the general average 
is about three feet this wet season, which i is mucl h below the or- 
dinary stature of the rel as seen on the ies of [linois. 

nol ene spec’ Se The ct nis Ding that 
gives so much ee oe and notability to the bottom lands and 

_ Wet prairies of Illinois in the autumn months, is here represented 

| ied species, meas gas much: fewer Vernonia Arka 

5s aie . 

2 
4 
4 ts 
3 
sg 
4 
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Lespedeza capitata, of the Pea family, is everywhere abundant 
on the prairies, and cut with the hay often forms too large a 
portion of tonnage for the interest of the buyer; which also must 
be said of Ziatris scariosa and LD. squarrosa; the former some- 
times equal to a fourth or fifth of the gross weight of a stack. 
Two other species, but less abundant, are represented in the 
State, LZ. punctate and L. pycnostachya. These noble plants em- 
purple the landscape on thousands of acres in August and Sep- 
tember. Gerardia asperifolia is abundant almost everywhere on 
the prairie, and contributes a good share to the weedy character . 
of the hay. Eryngiwm Leavenworthii in the extreme south is a 

ously marche 
abiding their time for the conditions of soil necessary to their 

ong in vain through all the Middle 
* 

§ 
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RAIRIE ecuaeoe —The following fakalbaro represent 
the entire native flora on the areas and at the localities men- 
tioned. Soon most of these things will have passed away be- 
a the restless plowshare and the all-devouring kine. I give 
them as a natural history record. 

One hundred square feet on high prairie in Jefferson county: 

Sorghum nutans, 20 per cent. Solidago linifolia 1 plant. 
Andropogon scoparius 60 per cent. Aster multiflorus 10 plants. 
Sporopolus heterolepis 5 “ “ Panicum Beige 1 plant. 
Helianthus rigidus 10 per cent. Aster 5 plants. 
Euphorbia corollata 3 plants. Linttie 6 scariosa 1 plant. 
Asclepias tuberosa 1 pla iatris squarrosa 1 plant 
Petalostemon candidum 3 plants. Eragrostis capillaris 1 plant 
Coreopsis palmata 1 plant espedeza capitata 1 plant. 
anicum virgatum 6 plants Eryngium yuccefolium 1 plant 

Salvia Pitcheri 1 plant. ilphium laciniatum 1 
Solidago Canadensis 1 ae Phlox pilosa 1 plant. 
Solidago rigida 1 plant 

Same area in Franklin eas high prairie. 

Sorghum nutans, 60 per Erigeron canadense 1 plant. 
Andropogon ena 20 | nn cent. Kuhnia e “caneaectan 1 plant. 
Andropogon furcatus 2 per cent. Petalostemon violaceum 1 plant. 
Lespedeza si 8 plants. Rosa epaeidy 3 plants. 
Lactuca ss ey 1 plant. Petalostemon candidum 1 plant. 

Aster laevis 1 plant. Silphium laciniatum 2 plants 
Aster cblongifli 3 plants, Panicum dichotomum 1 plant. 
Salvia Pitcheri 5 plants. Helianthus rigidus 3 plants. 
Liatris scariosa 2 plants. Euphorbia corollata 1 plant. 
Bouteloua or dee 8 aan, Solidago rigida 1 plant. 
Panicum virgatum 6 plan 

Same area in ‘Shiai county, high prairie, thin soil. 

Andropogon — 40 per cent. Linum Boottii 10 plants. 
Andropogon furcatus 1 plant Solidago linifolia 4 plants. 
Sorghum nutans 30 per cent. Polygala verticillata 3 plants. 
Gerardia asperifolia, 50 plants. Baptisia leucantha 1 plant. 
I eich cristata, 10 per cent. Antenaria dioica 3 plants. 

— rigidus 25 aoe Ruellia ciliosa 1 plant. 
nultiflorus reopsis tinctoria 1 plant. plant. oreo 

Solidago Missouriensis 2 plants. Psoralea floribunda 1 plant. 
Amorpha canescens 1 Tees Eryngium - Yucevfolium 1 plant. 
Panicum ean paceioraae: plants. 
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Same area in Linn county ; high prairie. 

Andropogon furcatus 80 per cent. 
Andropogon scoparius 5 per cent. 

Liatris squarrosa 8 plants. 
Euphorbia corollata 1 plant. 
Panicum dichotomum ane 
Keeleria cristata 1 oe 
Oxalis violacea 1 plan 
chinacea anguieitla 1 plant. 

Linum Boottii 1 plant. 
Aster oblongifolius 5 plants Polytznia N uttelli 1 plant. 
Solidago linifolia 1 pla Bouteloua curtipendula 1 plant. 
Salvia Pitcheri 1 Saas Ambrosia pycnostachya 1 plant. 
Amorpha canescens 5 plants. Petalostemon violaceum 1 plant. 
Helianthus rigidus 3 plants. Polygala incarnata 1 plant 

Sorghum nutans 8 

Lespedeza capitata 5 plants. 
Solidago Missouriensis 6 plants. 
eanothus ovalis 1 

Aster azureus 3 plants 

Art. V. ingress? “A some Minerals from New Jersey; by Prof. 
Rapper, of Bethlehem, Pa. 

1. Iron, Manganese, Zine, Chrysolite, 

E Stirling Hill, gies county, N. J., which with its neigh- 
ae ‘the Minehill, seems to an inexhaustible storehouse of 
inte minerals, both scientificall y an d commercially, has 
furnished an antitype to Prof. Brush’s Hortonolite from the 
adjoining Orange county. 

Crystallizatio: stals 0 occur in great numbers, grou 
a Se — of all idea! tont an ei aren inch to a 

ength and nearly one inch in breadth. They are most] 
rou ote to an ome alteration of the surface through 

ric waters, bine dull on the outside, but with lus- 
ome of them, 

eter. e 312 (an 
Oa over 2, 130°), 2% GsAR 115°), 1a (wit at top, 77°) Gene- rally subordinate I have observe the f following forms : 27, 1-7, 1-3 -2, 
O, and a face replacing combination edge 7-2 \14 with paralle 1 
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, 

— to which 

among simple coefficients the forms 2-4 or 8-3 would answer. 
The — is too bee and dull to allow of a measurement of 

mtersection-edges, in which therefore n’ 

or laminze Pata a pale a light. " Strea k, aes. 
ish-reddish-gray. r is slightly attracted by the mag- 
net. BB. rather refractory, fusing at thin edges to a dull black 

On charcoal gives a zine coating, more distinctly on ad- 
dition of soda. With the — the usual reactions for silica, 
iron and manganese. 2 x and microcosmic bea ve 
in the O. F. the characteristic fester shal color, indicating 

ures of iron and manganese, which becomes green in the mixtu 

reducing flame. With acids gelatinizes scent and completely. 
Some specimens leave a ae Steen undissolved residue, which 
I judge to be spinel both from its hardness, its not being at- 
tacked by fusion with sole ‘and complete decomposition by 
bisulphate of soda. 

In the following analyses the silica was separated in the usual 
manner, the filtrate from the silica neutralized by carbonate of 
soda, then acidified with acetic acid and a current of sulphuret- 
ted hydrogen peers) through the solution, which separated the 
zinc as sulp is was filte off, redissolved in HCl 
and then preci Nivea from the uninterruptedly boiling solution 
by slowly adding NaC, and the Zn6 finally converted into Zn 
by ignition. The filtrate after the separation of the zinc was 
then boiled with the addition of 1KO,CI10, to sesquioxydize the 
iron, the iron p recip gape in the usual manner as subacetate, re- 

cautions pointed out by Dr. Dr Gils (this Journal, No. pest, p- 
216), ca the magnesia determined as pyrophosphate. e 

ie of iron, manganese and zinc-oxyds. 
ee not teva handled the aathod correctly. 2 
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The samples No. land 2 were fresh pieces of cleavage crystals 
carefully examined by the lens so as to avoid all visible admix 
tures. No. 1 was lighter in color than No. 2, a and 8, which 
latter are analyses of the same powder. No. 8. are analyses of 
two different powders of the massive variety. 

1 2. 3. Oxygen 
a b a b i 2, a. | 2.6) [Sp Geese 

Si_-.| 30-76} 29-90} 30-56] 30‘67| 30-42} 16-41 15-95 | 16°30} 16°36] 16-22 

Fe ..; 33°78] 35°60) 35-44| 35°37] 34-20 7°51) 7-91] 7:88) 786} 7-60 
Mn-.-| 16°25] 16°90} 16°93] 17-81} 17°67} 3°66) 3°81| 3-82) 401) 3°98 
Zn --| 10°96] 10°66} 10°70} 9°87] 9:09) 2°16) 2-11) 2-11| 1°95) 1:80 
Mg--| 7°60; 5°81} 5-44) 5-69) 649} 3°04; 2°32) 2°18) 2-28) 2-60 
Insol. 103} 1:04; 1:39) 2°65 

99°35} 99-90| 100-11| 100-80! 100-52| 16°37! 1615! 15:99! 16-10] 15-98 

The foregoing oxygen ratios make the mineral a pee: 
The crystallization being orthorhombic with the parametn 
ratios of the chrysolite group, which is confirmed by the Ae 
physical and chemical characters ; it is hence an iron-manganese- 
zine chrysolite, the first, to the best of my knowledge, of the 
arn sau to the composition of which zinc enters as a constituent. 

occurs, as before said, on Stirling hill, accompanied by 
Willonite Franklinite, J: effersonite and spin nel. 

* ee Oe ' 

Mn6 MgG Insol. 
50-40 4354 76 569 0°08 = 10047 

Specific gravity =3-052. Hardness =4. 

The mineral differs from the known dialogites by its greater 
proportion of carbonate of lime, and may be considered chged 
as a dialogite in which a little more than one-half of the Mn is 
replaced by lime, or as dolomite in which about five-sixths of 
the magnesia is replaced 

3. A pseudomorph of £08 after a micaceous mineral probably 
me chlorite. ; 

On Scotch mountain, Wathen county, N. J., not far from New 
Village, among the Laurentian syenitic eneiss formation of that 
region, there occur, scattered over the ground, numerous masses 
of a white quartzose mineral apparently of agglutinated rounded 
granules of about 4 inch diameter. Upon close examination, 



38 W. Thompson on the size of Atoms. 

many of these granules show distinct cleavages, which exhibit 
a hexagonal outline. Searching the ground carefully I found 
wormlike contorted he A in shape like the similar forms of 
some chloritic minerals. substance is distinguished from 
quartz by its low specific sanity =1°961, and inferior hardness 
(near 6). It is mostly soluble in caustic potash, leaving only 
per cent insoluble, which seemed to consist, in part at least, of 
the original m ineral. On ignition it loses 7-27 per cent water. 
It is therofes 4 manifestly amorphous quartz or opal. Indeed 
small masses of ae opal of various colors are found 
in the neighborhoo 

It hence appears, that micaceous structure is not, as is fre- 
quently assumed, the absolute closing scene of the metamor- 
phism of minerals, but that the replacing power of silica is able 
to overcome the antimetamorphic energies of minerals even, 
which have arrived at the micaceous stage. 

Bethlehem, April 22, 1870. 

Art. VL—On the Size of Atoms; by Prof. Sir W. THomson, 
: F.RS* 

THE idea of an atom has been so constantly associated with 
incredible assumptions of infinite strength, absolute rigidity, 
mystical actions at a distance, and indivisibility, that chemists 
and many other reasonable naturalists of modern times, losing 
all patience with it, have dismissed it to the realms of metaphys- 
ics, and made it smaller than “ anything we can conceive.” 
But if atoms es inconceivably small, why are not all chemical 
actions infinitely swift? Chemistry is powerless to deal with 
this Setar and many others of paramount importance, if 
ba ardness of its fundamental assumptions, from 
Ssntempiating the atom as a real portion of matter occupying 
a finite space, and forming a not immeasurably small constitu- 
ent of any palpable body. 

. More than thirty years ago naturalists were scared by a wild 
ge ea of Cauchy’s, that the familiar Linder aye colors 
proved the “sphere of sensible molecular acti in trans- 
Se tea ree and solids to be comparable wills ‘the wave- 

: The thirty years which have intervened have 
poe Sinat that proposition. They have produced a large 
number of capable judges; and it is only ineapen to judge 
in dynamical questions that can admit a doubt of the substan- 
tial correctness of Cauchy’s conclusion. But the “sphere % 
molecular action” conveys no very clear idea to the non-mathe- 2 

* From Nature, No. 22, March 31. 

aii 
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matical mind. The idea which it conveys to the mathematical 
mind is, in my opinion, irredeemably false. For ave no 
faith whatever in attractions and fhe ies acting se a sae ey 

sibly similar. But contiguous cubes of one ten-millionth of a 
centimeter must be very sensibly different. So in a solid mass 

Saeuts lengths of 20,000 continaten 
each, may contain, one of them nine hundre d and ninety-nine 
bricks and two half bricks, and the other one éhoosand bricks: 
thus two contiguous cubes ‘of 20,000 centimeters breadth may 
be considered as sensibly | similar. But tw o adjacent lengths of 
forty centimeters each might contain, one a them one brick 
and two half bricks, and the other two whole bricks ; and con- 
tiguous cubes of forty centimeters would be very sensibly dis- 
similar. In short, optical dynamics leaves no alternative but 
to admit that the diameter of a mo lecule, or the distance 

ys sc ae on the shee Seay of oe made 
“ial or ten years ago, and described in a letter to Dr. Joule, 

nected with the two plates of a galvanic element, having about 
three-quarters of the electro-motive force of a Daniel's ag a 

Measurements published in the Proceedings of the Royal 
Society for 1860 showed ve the sietion tween parallel 
plates of one metal held at a distance apart small in com- 
parison with their ane and ears connected with such 
a galvanic element, would experience an attraction amount- - 
ing to two ten-thougand-millionths of a gram weight per 
area of the opposed surfaces equal to the square of the 

a centimeter ihe, be p with a corner of each touching a 
-) se thousandth of a centimeter eee 

Let the plates kept thus in metallic communication with o 
another be at first wide apart, except at the corners ‘einalie 
the little globe, and let them then be gradually turned roun a 
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till they are parallel and at a distance of a hundred-thousandth 
of a centimeter asunder. In this position they will attract one 
another with a force equal in all to two grams weight. By 
stract dynamics and the theory of energy, it is readily proved 
that the work done by the changing force of attraction during 
the motion by which we have supposed this position to be 
reached, is equal to that of a constant force of two grams 
weight ‘acting through a space of a hundred-thousandth of a 
centimeter; that is to say, to two hundred-thousandths of 
a centimeter-gram. Now let a second plate of zine be brought 
y a similar process to the other side of the plate of copper; 

a second plate of copper to the remote side of this second plate 
of zine, and so on till a pile is formed consisting of 50,001 plates 

a centimeter thick. The whole work done by — attrac- 
tion in the formation of this pile is two centimeter-gram 

The whole mass of metal is eight grams. — the eset 
of work is a quarter of a centimeter-gram per gram of metal. 
Now 4,030 centimeter-grams of work, Ho -ng to Joule’s 
dynamical equivalent of heat, is the —— required to 
warm a gram of zine or copper b e degree centigrade. 
Hence the work done by ae electric an could warm 
the substance by only ystzs of a degree. But now let the 
thickness of each piece of sate and of each intervening space 
be a hundred-millionth of a centimeter instead of a hundred- 

thousandth. The work would be i increased a million-fold un- 

enough to e the temperature of material by 62°. This 
is barely, if po tall admissible, according to our present knowl- 
edge, or, rather, want of poi regarding the heat 

ne 
hundred-millionth of a centimeter. The work and its heat 
equivalent will be increased» sixteen-fold. It would there- 
fore be 990 times as much as that required to warm the mass 
by 10 cent, which is very much more’ than can possibly be 
roduced aq and copper in entering into molecular com- 
bration r 
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a chemical combination, if ee such thin plates could be 
made without splitting atom 

The theory of capillary aiirockielk shows that when a bubble 
—a soap-bubble for instance—is blown larger and larger, work is 
done by the stretching of a film which resists extension as if it 
were an elastic membrane with a constant contractile force. 
This contractile force is to be reckoned as a certain number of 

contractile force. In an a ai mm. the Thermal effect of 

g 

energy, in the shape of heat, must be esp to the film to pre- 
vent 1t from sinking in temperature while it is being drawn out. 
Hence the intrinsic energy of a mass of water in the shape of 
a film kept at constant temperature increases by twenty- “fore 
ee for every square millimeter added to its 

gop then a film to be given with a thickness of a milli- 
— and suppose its area to be augmented ten thousand and 
one fold: the work done per square millimeter of the orig- 
seed film, that is to say per milligram of the mass, would be 
240,000 millimeter-milligrams. The heat equivalent of this 
is more than half a degree centigrade of elevation of nap sic 
ture of the substance. The thickness to which the film is 
reduced on this supposition is veky approximately a ten-thou- 
sandth of a millimeter. The commonest observation on 

whieh gives ‘the ak ci Eon ot se the lack 
pas seen where the oncom is thinnest, is only about an eight- 
Sama: of a millimete 

very moderate smasher of work shown in the preceding 
parc is quite consistent with this deduction. But su 
now the film to be further stretched, until its ee is 
reduced to a twenty-millionth of a millimeter. ork 
spent in doing this is two thousand times more than that which 
we have just calculated. The heat equivalent is 1,180 times 
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the quantity required to raise the temperature of the liquid 
by one degree centigrade. This is far more than we can admit 
as a possible amount of work done in the extension of a liquid 
film. smaller amount of work spent on the liquid would 
convert it into vapor at ordinary atmospheric pressure. The con- 
clusion is unavoidable, that a water-film falls off greatly in its 
contractile force before it is reduced to a thickness of a twenty- 
millionth of a millimeter. It is scarcely possible, upon any 
conceivable molecular theory, that there can be any considera- 
ble falling off in the contractile force as long as there are 
several molecules in the thickness. It is therefore probable 
that there are not several molecules in a thickness of a twenty- 
millionth of a millimeter of water. 

The kinetic theory of gases suggested a hunded years ago 
by Daniel Bernouilli has, during the last quarter of a century, 
been worked out by Herapath, Joule, Clausius, and Maxwell, 
to so great perfection that we now find in it satisfactory ex- 
lanations of all non-chemical properties of gases. However 

lineal paths and constant velocities by collisions or mutual 
influences, so rare that the mean len a proximately recti- 
lineal portions of the path of each molecule is many times 
greater than the average distance from the center of each mole- 
cule to the center of the molecule nearest it at any time. If, : 
for a moment, we suppose the molecules to be hard elastic 

eq t 

ae of free path. But we cannot believe that the individual 
molecules of gases in general, or even of any one gas, are 

vary, —— variations of the distance, so as to fulfil some 
definite law. 

~ 
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f vortex atoms at present, I may at least say that soft 

arp, something of apparent cireumlocution must take the 
terms 

First, it is to be remarked that two molecules in collision 

Considering only the case i ae molecules, we might, then, 
e as half the average shortest 

distance reached in a vast number of collisions. The defini- 
tion I adopt for the present is not precisely this, but is chosen so ble the statement I have to 
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make of a combination of the results of Clausius and Maxwell. 
Having defined the radius of a gaseous molecule, I call the 
double of the radius the diameter; and fe volume of a globe 
of the same radius or diameter I call the volume of the 
molecule. 
Sri experiments of Cagniard de la Tour, papers spagnanlty 
o Andrew s, on the condensation of gases 

ule; and the number of m 
volume cannot pose 25, 000, 000 PEERS i 

the volume of a globe whose radius is that average length of 
path. Taking now the preceding estimate, y;J555 of a centi- 
meter, for the average length of path from collison to collision, 
we conclude that the diameter of the gaseous molecule cannot 
be less than s,55¢s555 Of a centimeter; nor the number of 
molecules in a cubic centimeter of the gas (at  OPHIDArY, density) 
greater than 6 x 107? (or six thousand millio 

undred ite: Miok ‘million miton million) From this tit we 
assume for a moment a cubic arrangement of molecules), the 
distance from center to nearest center in solids and liquids may 
be estimated at from zsshs005 a t0 gynaeaae0 Of a centimeter. 

lead all to substantially the same estimate of the jee of 
molecular structure. Jointly they establish with what we can-* 
not but regard as a very high degree of probability the con- 
clusion that, in any ordinary Ti uid, transparent solid, or seem- 
ingly opaque solid, the mean distance between the centers of 
contiguous molecules is less than: the hundred- millionth, and 
greater than the two thousand-millionth of a centimeter. 

To form some conception of the degree of coarse-grainedness 
indicated by this none BsiN, imagine a rain drop, or a globe of 
glass as large as a pea, to be magnified up to the size of the 
earth, each. tons raps 4 being magnified in the same 
proportion. The magnified structure would be coarser grained 
than a heap of small shot, but probably less coarse grained than 
a heap of cricket-balls. 
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Arr. VII.—WMiscellaneous Optical Notices; by WoLcorr Grsss, 
M.D., Rumford Professor in Harvard Universit ity. 

oa. 

On the measurement of wave ans ie oy means of indices of re- rnetiens 

In a brief notice t NEE to the British Association 
for the Advancement of Science at its meeting in 1849, Prof. 
Stokes has given a method for measuring wave lengths, which 
depends upon the fact that, in substances of medium refractive 
power, the increment of the index of refraction in passing from 
one point of the spectrum to another is nearly proportional to 
the increment of the square of the reciprocal of the wave 
length. The author showed that even when the intervals were 
bee much longer than necessary, the error in the wave length 
as usually only in the eighth p ace of decimals. At the date 

of "the publication of this notice the subject of wave lengths 
possessed but little interest. The recent development of the 
spectral analysis of light has rede a new impulse to this branch 
= eee. and has _— Fae omen the construction of a 

p of the en lar spectrum. This has been most 
accom Tished by Angstrém,} but an attentive study 

of pie work, as well as of the elaborate researches of Van der 
Willigen§ and Ditscheiner A will show that new measurements 

e far from superfluous. The imperfections even of the 

Ft give first a pre of the method of Stokes in a oe 
inal form, and meiped a simplification of that method org 
will also have its 

peg ae a: fe If Cauchy’s pate for dispersion, n=a+ +73; 

* Read before the National ee es Seen se 
rt of the British Adsouation for the Advancon Sak eh faioaen for 1240. 

Notices and abstracts, p. 10. 
rches sur le Spectre Solaire. 1869 

Archives du Musée Teyler, vol. i, p. 1 
Sitzungsberichte der k. k. Akad. der Wissenschaften Bd. 1, 1864. 

“{ This Journal, xlvii, , 1869. 
¥* Mé roe ess | étalliques, 1868. 
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be reduced to its two first terms, and if we then eliminate the 
constants a and ) from three equations of the form 

b 
n=at7 

we shall obtain the three following se asi involving ee 
wave lengths and indices of refractio 

a3 _ (m,—%2) ; (1) 

(mss )ig +- (m2~"1)75 

As os (es -;) ; (2) 

(m2 - ")i3 + (”3- M2)y 

e = (m-%,) (3) 

1 1 
(%5 mae + (3 Bag 

Of these equations (1) and (8) serve for extrapolation and (2) 
for mterpolation. To test 5 egree of accuracy attainable in 
etermining wave lengths by these formulas, ] have selected 

the measurements made by Van der Willigen.* The indices of . 
refraction determined by the Dutch physicist are in fact the only 
indices which are at once sufficiently exact and sufiiciently nu- 
merous. In addition they have the great advantage of having 
been made with reference to lines in the solar spectrum the wave 
lengths of which had been measured by the same observer. 
There can therefore be no question of identity. As a first ex- 
ample of the method, I give a determination of the wave length 
of C, ta B as one of the lines exterior to C, an = Sar in 
succession 7 other exterior lines more refran gible n C, to 
combine with B. Formula (2) was therefore ah nae and 
with the following data and results :— 

B 1°61079 687748 
C 1°61252 656°56 
D 161436 628°11 656°70 +014 
11 1°61537 613°96 656°71 +0°15 
13 1°61560 610°52 656°56 0°00 
14. -161728 589°56 656°71 +0°15 
16 161978 561°80 656°76 +0°20 
17 1°62064 553°19 ~ 656°79 +0°23 
19 1°62143 545°83 656°87 +0°31 

Mean of the errors +017 

In this table the first column gives the designation or num- 
ber of the lines, the second its index of refraction, as deter- 
mined by a Steinheil prism of 60°, the third the corresponding 

* Archives du Musée Teyler, vol. i, p. 70. S 
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wave length, according to Van der Willigen, and the fourth 
the wave length as found by formula (2) by combining B with 
each line after C in succession. 

The mean of the seven values of the wave length of C thus 
found is 656°70, which is in excess of Van der Willigen’s own 
determination of the value of C by 0:14. From this it appears 

in the computed vuhies of ©, as the emevalk between B and 
the second line of comparison are increased, will however clear- 
ly appear from the table. The following results were obtained 
with the indices of a second Steinheil prism, No. 2, of 46° 52’ 
25/78, ie of flint glass. 

1°60521 B and 8a 656°21 —0°35 

6 1°60694 B and 11 656°33 —0°23 

8a 1°60872 B and 13 656°31 —0°25 
it 1°60973 B and 16 656°38 —0°18 
13 1°60998 B and 17 656°47 —0.09 
16 1°61408 
17 161495 

The mean of which is 656-28, the error se ieing —0°28, To deter- 
mine to what extent the method applies, when flint glass prisms 
are used, and the indices are selected from the more refrangible 
portion of the spectrum, the following data were assumed :— 

162917 48639 FandG 43888 -+0.30 
35 1°63244 467°00 Fand39 438-76 +018 
37 1°63828 43858 Fand38 438°82 -+0°24 
38 163981 43428 Gand35 438-76 -+0°18 
39 163965 432°74 35 and 38 438°75 +017 
= — sets 35 and 39 — seta 

formula (2), and the miles obtained oe combining the other 
lines i iven in col 5 and i 
that, as in the case of the less refrangible portion of the spec- 

the results abe are with this prism always too high. 
For the purpose of comparison, I have computed the same wave . 
length from the indices of refractio on of the second prism. The 
data and results are as follows :— 

F 162382 48639 FandG@ 43907 -Lo-49 
35 162657 9 467:00 9 Fand39 «= 43889 4.031 
37 163221 43858 Fand38 48892 0-34 
38 1763824 43428 Gand35 439:00 +0-49 
39 163358 43274 35 and38 43889 10-31 
G 163400 48112 85and39 43884 10-26 
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In the case of the first prism the mean of the errors is +021, 
while for the second the mean of the errors is +035. From 
this it appears that in the more refrangible portion of the spec- 

; tne a 

ing the higher dispersive power. As the probable ee of the 
measurements of the indices of refraction are not given, it is 

ossible to determine to what extent the errors in the ag 
wat wave lengths are due solely to want of precision in the 
dices. It is also to be remarked that, while with the sete 
prism the errors in the less retrangible portion of the spectrum 
are affected with the ele es more refrangible portion they 
= a positive. amy ge in the value of the 

e length of 37, as cant he der Willigen, with the 
waves as found by aechainer and Angstrom—438-27 and 
438-28—proves that the source of error is not an erroneous de- 
termination of this quantity. It seems therefore certain that the 
nearly constant errors noted above are due in part to the fact 

‘that the indices of refraction are determined only to five places 
of decimals, and in part to the high dispersive powers of the 
prisms employed, which would render it necessary to employ more 
= hg terms in Cauchy’s formula to obtain a closer approxi- 

s the formulas for interpolation would in this way be 
Sader Bons complicated, it is better, in the case of any 
series of observations embracing a particular part of the scale, 
simply to determine the mean of the errors, and to apply this 
mean with its proper sign to the computed values of the par- 
ticular wave length to be determined by the measurement of 
indices of refraction. If we apply such a correction in the 
cases of the four series of data and results given above, we find 
for the corrected idee: of the wave-lengths the following nu- 
merical results 

(1) (2) (3) (4) 
656°53 656°49 438°67 438°72 
656°54 . 656°61 438°55 438°54 

656°38 656°59 -438°61 438°57 
656°54 656°66 438°55 -438°65 
656°59 656°75 438°54 —438°54 
656°62 438°44 438°49 

The true values being respectively 65656 aiid 438°56. These 
results: are, It ey, sufficient to show that a valuable control 
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Alison’ in those of low dispersive power, partly because the angu- 
lar deviations to be measured are larger, and partly because the 
spectral lines are less crowded together 

The following example will serve to illustrate the advantage 
of ee shorter intervals :— 

ne Indices. a Indices. A 

cen 518°63 OSE R = | x cae a 1°61882 egaiscns 

26 ral gis3 § 1°62472 517.61 1°61895 51a 3G 

278 517°07 P6Q2479 6s ec 1°61901 apenas 

The data are sah also taken from Van der Willigen’s meas- 
ures with the same prisms. 
When the ales distances between three spectral lines are 

not too great, the angular deviation of the lines may, as I find, 
be substituted for the indices of refraction in eee (1), @) 
and (3). The differences between the an viations are of 
course to be converted into seconds. The ealowing results will 
show the degree of accuracy attainable by this sre. the data 
being taken from Ditscheiner’s* measurements of the indices of 
a flint prism eae Steinheil of Pit cae 60° 4’ 59”. 
Kirchhoff’s scale, Angular deviations. a Indices. 
B 593 687-06 Ue 0 Yee eer SISSS © sesus 
C 694 655°95 47°51’ 19" 655:97 sper 655.82 
ees te ei 2 a oo 

From this it appears that the error in the ed of 
the wave-length of the middle line C is only +0°02 when the 
angular deviations are employed, but amounts to —0°13 when 
the indices of refraction are taken as the elements of we caleu- 
lation. Yet the interval between B and 877 is very 

' The following data are taken from another part of ke ‘scale, 
the measurements being made with the same prism :— 

Kirchhoff’s scale. 2 Angular de viations. a Indices. A 
OS 16483 BIT18 = 40°F 16" es sR sk) eee ete 

1655°6 516°58 49° 4'44” 516°56 Sete 516°61 
16038: 514-08 40° 6.47" = -cc.c. 817 

Hence the error in the determination of be: wave length of 
655°6 is, the | nd angular eee are taken, be len —0°02 

=== 

i » represent 
tions, it seemed worth wis to determine how far for a short 
interval, these could be tgp be Taking the three scale num- 

e error in the wave-length of 
* ee gs der Wellenlingan der Fraunhoferschen Linien des Sonnenspec- 

Am. Jour. Scr.—Seconp pee Vou. L, No. 148.—Jury, 1870, 
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1655°6 was found to be — 0°38, and when the scale numbers 4 
ne “gas as the sines or tangents of corresponding angles, 

rithe following data are taken from the more refrangible part 
of the spectrum, the measurements being also those of Ditsch- 
einer, and made with the sam: 

2922°8 489.84 50°84 57" “LL: SOther . 22s. = 

G 2854°7 430°88 50° 37'52"” 43068 1°64334 430°83 

2069-7. -429°00 «. 50°-98' 47" 2-2 1°64352 

In this case the error in the Lg an ae : the middle line, 
2854°7, is —0°20, as determined from the angular deviations, 
and --0:05, as determined from the indices. It must be borne 
in mind that, in this part of the spectrum, the determination 
both of wave lengths and of indices of refraction is difficult on 
account of the feeble intensity of the li 
Since only the differences between the angular deviations of 

the spectral lines are employed in the formulas above given, it 
follows that in determining wave lengths by the method in 
uestion, it is "sat necessary to employ a spectrometer with a 

divited circle and appliances for the measurement of large 
angles. A common spectroscope will be sufficient, if the ob- 
srving telescope be provided with a filar micrometer by means 
of which the angular distances of any given line from two 
uae ae of which the wave — are known may be meas- 

e researches of Angstrém leave nothing to be de- 
ioed as regards the wave-lengths of standard lines, and the 
method given may prove a convenient means of determining 
with all requisite precision the wave lengths of metallic lines. 

§ 2. 

On liquids of high dispersive power.—Of the liquids which have 
hitherto been proposed for the construction of prisms, bisulphid 
of carbon unquestionably Beige the fascia advantages. It 
is cheap, colorless, and unites a moderately high mean refractive 
to a very high iter wer. By tacit consent a prism of 
60° filled witli this liquid has come to be adopted as a sort of 
eee The disadvantages of the bisulphid are equally well 
known, and I have spent no little time and labor in the en- 
deavor es “ind a liquid with a still higher dispersive power, less 
volatile, less sensitive optically to changes ene and | 
less offensive in odor. In these efforts I have not Asien 8 alto- >| 

Bae Se saa oy 
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of meg and two parts of phosphorus, in four or five parts of 
bisulphid of Cegene and noe the iy dine 2 through a well 

ie er filter r, which is easil The refractive 

attained b continally adding phos robe to a saturated solu- 
tion of sulphur in Iphid o eqthon, in which phosphorus 
appears to ti ania: wi out limit. 

With a strong and probabl ee ts of sulphur in 
CS, the angle between Li and D was 0° 50’ 10”. When So 
phorus was added the angle was 2° 2! 30", the refracting 
= the oo dea 60°. this last case the angle between } 

o 2 20", “Pie eek ae was owen clear, 
the defniion of the dark nee lea’ 
nm 

* (nn. de Chins td Pysga 48 series, vol. iii, p. 373. 
Ann, de Chimie et de Physique, 4th series, vol. iit 5. 6. 

“sad Violet ray 

Ma 
The number 0°225 is ted pr Nana between the indices for the extreme red 
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paper. On the other hand, however, the on quantity of sul- 
phur present P wood. the fire from spreading, a drop placed 

preserved two during a onan and hot summer. The viscid, or 
rather oily, nature of the solution serves to prevent, to a great 
extent, the formation of ascending and desouheatin ing currents from 
slight ‘changes of temperature, and when the prisms are well 
shaken before use the definition remains perfect for a long time. 
In my 2 Say the prisms rest upon a plate of glass instead 
of upon one of me 

§ 3. 
On an pagent gts of apparatus for the study of the ab- 

sorption of light wn colored liquids, 
In his aiiaten of the spectra of ae fluids, Mr. Glad-. 

stone employed a hollow wedge of glass, the two refracting sur- 
faces of which made with each other an acute angle. The 

time retain the oe of the method, I have devised what 
may be termed a double wedge. Two hollow wedges, of aie 
or metal, are placed eee in such a manner that 

construction of the apparatus will be readily un- & fl 
derstood from the diagram. In» it with a oe RK) 
ored aqueous solution one = the hollow prisms, 0: 
wedges, is to be filled with distilled water, Ae 
other with the aqueous sokutiti to be examined. The incident 
beam of sunlight is then allowed to fall perpendicularly upot 
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orless solvent, whatever be its nature. By this means all angu- 
lar deviation and prismatic dispersion are avoided, as the color- 
ing matter does not sensibly change the refractive power of the 
liquid in which it is dissolved, and the incident beam passes 
through without change in direction. In my apparatus the 
wedges have acute angles of about 15°. This I find to be quite 
sufficient for most purposes, as it is easy to increase or diminish 
the quantity of substance dissolved. When it is wished to ex- 
amine the absorption produced by a definite thickness of liquid 
or by different thicknesses in succession, the double wedge is to 
be so placed that the slit of the spectroscope shall be parallel 
to the lines of intersection of the faces of the wedges. By mov- 
ing the wedge to one side or the other all thicknesses of liquid, 
from 0 to the maximum, obtainable with the apparatus used, 
may be successively examined. 

g 4 

On tests for the perfection and parallelism of plane surfaces of glass. 
When a plano-convex lens of long radius of curvature is 

placed upon a plane surface of glass and the system is illumina- 
ted by an obliquely incident beam of monochromatic light as, 
for example, by a sodium flame, the well known phenomenon of 
Newton’s rings is observed with remarkable distinctness and per- 
fection of definition. The symmetry of the rings will depend, 
in part, on the perfection of figure of the lens, in part on that of 

T- 

may of course be tested in succession, by moving the lens from 
point to point, and if necessary the rings may be observed with 
a Ler it in Sete es 

Prof. , of New York, has suggested for the observation 

TO 
scope. In his arrangement the lens and oe of glass are placed 
upon the stage of the microscope, the light from beneath be- 
ing cut off, and monochromatic light is then thrown down 
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upon the system by means of a plate of glass with parallel sur- 
faces inclined to the axis of the microscope at a convenient 
angle and placed between the objective and the plano-convex 

,lens. In this manner the rings are seen with great distinctness 
and news and the arrangement is particularly compact and 
conveni 

The intaeienslik bands of Talbot afford a method not merely 
of observing with great precision the inequalities of surface and 
want of parallelism of the faces of plates of glass, but also of 
eee coral ays ne obtaining a permanent chart 
of the glass whic e of material assistance in correcting 
at fom S It is ony ewes for this purpose to place the 

‘pee near to the object glass of the collimator 

faces, 
produce curvature or distortion of the bands, and, if the eye- 
piece of the observing telescope be removed, the i image may be 
received on a sensitive sees and photogra shed. The number 

Cambridge, May Ist, 1870. 

Art. VIIL—On the Occurrence of a Peat bed beneath oo of 
Drift in Southwestern Oleg 

A BED of peat has lately been found one mile east of Ger- 
mantown, Montgomery county, Ohio, and twelve miles west of 
south ayton—in the occurrence ~ connections of which 
goodie are several facts of unusual intere ; 
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ness; kept nearly vertical by the constant undermining action 
of the stream. 

Beneath these heavy deposits and occupying 40 rods of the 
east bank of the creek, the peat bed is found, varying in thick- 
ness, in different portions of its extent, from 12 to 20 feet. The 
amount of the bed that is exposed depends upon the stage of 
water in the stream. The stream is bedded for 10 or 15 rods 
upon the peat, but in deeper portions of the channel, upon the 
eastern bank, an underlying formation of gravel can be detected. 
The uppermost layers of the peat contain undecomposed sphag- 
nous mosses, grasses and sedges, but in other portions of the 
bed, the vegetable structure is generally indistinct, with the ex- 
ception of abundant fragments of coniferous wood, which in 
many instances can be identified as Red Cedar (Juniperus vir- 
ginianus). At the southern extremity of the bed in particular, 
there is a great accumulation of wood, in trunks, roots, branches 
and twigs, much of which has been flattened by the pressure of 
the 80 feet of clay and gravel that overlie it. Branches that 
were originally two inches in diameter now afford lenticular sec- 
tions with no more than a } inch for the shorter axis, while many 
of the smaller stems have been compressed into ribbons. The 
berries of the cedar are abundant in the upper layers of the 
peat. At a point $ mile higher up the stream, monk 
nearly two feet in diameter, have been taken from beneath these 
same drift beds and turned to account for fencing posts. 

There are indications that the peat bed has a considerable ex- 
tent to the northward and eastward. A bed of “black earth” 

A stratum of soil, one or two feet in thickness is often asso- 
ciated with these vegetable remains. The soil and the wood 
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occur at various depths, but in the cases already noted, between 
the limits of 10 feet and 90 feet. A large tar oe, “however T, 
of the instances on record, have been found at about 80 feet in 
depth, immediately beneath the vance clays that constitute 
the last of the drift series in this re region 

Through all portions of the peat above mentioned, sand and 
pebbles are scattered. The pebbles are mostly of small size, 
seldom larger than a pea, but occasionally three or four inches 
in diameter. They agree in general character with the gravel 

ntry. 
+ the lower extremity of the peat bed, the formation thins 

out ne wr — layers are found above the water, resting 

te daa of the materials of these inclined beds indicate that 
at were brought from the eastward by a torrent-like stream 

deposited over a precipitous bank. 
In pockets of the gravel and also in the clay that ne 

covers the peat, small quantities of vivianite, “blue earth,” 
phosphate of iron, are found. From one of ‘the largest accu- 
mulations of this substance, a tusk or tooth was take 
described as resembling a ‘hog’ s as ale that it was much 
larger. It may also be added that two mastodon tusks, each 
measuring eight feet in length, sate ie in the spring of 
1870, from the northern part of the same drift bed to which the 
peat belongs and at about the same level. 

The reference of the phosphoric acid of the vivianite to ver- 
tebrate bones will, therefore, hardly be questione 

From the above named facts, we seem warranted in conclud- 
ing that the coniferous wood in question grew in the region 
where we find it buried. The amount of the wood renders this 
em and she nature of the remains forbids any other sup- 

ition. In this connection, it is only needful to recall the 
, that cedar berries in notable quantity, and that sre 

ei. the ope pe of the cedar, sometimes 
ae pepe reserved in the | 
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ing which these underlying beds were formed, but there would 
seem to have been a restoration of this southern border of the 
drift-swept region at least, to dry land once more, and this res- 
toration must have continued through a period of considerable 
leneth. It was followed by another movement of depression, 
during which the highest of the yellow clays, the latest forma- 
tion of the drift, were deposited. There seem materials in this 
line of facts for a more orderly division of the later formed de- 
posits of the post-tertiary than has heretofore been recognized. 
We also learn that mammalian life was associated with this 

intercalated period of vegetable growth. The mammoth and 
the mastodon subsisted on the coniferous wood which is repre- 
sented so largely here. The series of changes in level already 
referred to, must haye exterminated these earlier representatives 
of elephantine life, but we find the same species returning to 
their old dwelling places when the waters of the drift seas had 
finally abated. 

Art. IX.— On the Theoretical Temperature of the Sun ; under 
the Hypothesis of a Gaseous Mass maintaining its Volume by tts 
Internal Heat, and depending on the Laws of Gases as known — 
to sg ya Experiment; by J. Homer Lane, Washing- 
ton, D. U. 

[Read before the National Academy of Sciences at the session of April 13-16, 1869.] 

MAny years have passed since the suggestion was thrown out 
by Helmholtz, and afterwards by others, that the present vol- 
ume of the sun is maintained by his internal heat, and may be- 
come less in time. Upon this hypothesis it was proposed to - 
account for the ‘renewal of the heat radiated from the sun, by 
means of the mechanical power of the sun’s mass descendi 
toward his center. Calculations made by Prof. Pierce, and 

ve shown that this provides a supply of 

~ 

astronomical facts. Some years ago the question occurred to me 
in connection with this theory of Helmholtz whether the entire 

and whether Hersche 
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heat by radiation from the precipitated clouds. Prof. Espy’s 
theory of storms I first became acquainted with more than 
twenty years ago from lectures delivered by himself, and, origi- 
nal as I suppose it to be, and well supported as it is in the phe- 
nomena of terrestrial meteorology, I have long thought that 
Prof. Espy’s labors deserve a more general recognition than they 
have received abroad. It is not surprising, t erefore, i in a time 
when the constitution of the sun was exciting so much eens 
sion, that the above suggestions should have occurred to m 
self before I became aware of the very similar, and in the main 
identical, views of Prof. Faye, put forth in the Comptes Rendus. 
i sought to determine how far such a supposed constitution of 
the sun could be made to connect with the laws of the gases as 

received, containing Faye’s si tes of his t urse 
nothing is further from my p e than to nate aed kind fe) 
claim to any thing in that | Soa licetion, After becoming ac- 
quainted with his labors I still regarded the theory as seriously 
lacking, in its ie ee or mechanical aspect, the direct support 
of confirmatory o 1 

ject to rest until my friend Dr. Craig, in charge of the Chemical 
Laboratory of the Surgeon General's isepen without any singe 
edge of Faye’s memoir, or of my own suggestions previous. ly 

made to Prof. Henry and another sean friend, fell upon the 
same ideas of the sun’s constitution, availing himself, precisely 
as I had done, of Espy’s theory of storms. Dr. Craig’s id 
were communicated “3 a company of scientific gentlemen early 
last spring, and soon after, Prof. Neva of the U. S. Naval 
Observatory, aa into a general survey of the ae hy- 
pothesis. These communications of Dr. raig and Prof. New- 

- comb led me to enter into a renewed examination of the me- 
chanical embarrassment under which I had believed oe sear 
to labor. Not an as relying on my roug 
based on assumed high temperatures at the photosphere, the 
question was now inverted. Assuming the gaseous constitution, 
and assuming the laws expressed in oy raha s formule, known 
to aig the constitution of gases at common temperatures and 

shall we find to be the temperatures and densi- 
ties corspoding to the observed volume of the sun ares 

bad 
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it were composed of some known gas such as hydrogen, or “i 
osing it to be composed of such a a of gases as Wo 

represented by common air. e hydrogen will, of ¢ ieee 
give us the lowest temperature of ‘all known substances, under 
the general hypothesis. 

The question was resolved, and,the results were communica- 
ted in graphical and numerical form in May or June last to two 
or three scientific friends, but their publication has been delayed 
by an unavoidable absence of several months from home. 

Premising that the unit of density shall correspond to a unit 
of mass in the cube of the unit of length, the unit of force to 
the force of terrestrial gravity in the unit of mass, and the unit ~ 
of pressure or elasticity in the gas to the unit of force on a 
spc equal to the square of the unit of len h: 

r=the distance of an element of the sun’s mass from the 
sun’s center, 

t=the temperature of the elemen 
o¢=its atmospheric subtangent, referred to the force of 

gravity at the earth’s surface, or height of the column 
of homogeneous gas, whose terrestrial gravitating force 
would equal - “earboe 

e=its density, or mass of its unit volume, 
=force of Serica’ gravity in its unit volume, 

9ot=its elasticity, or elastic force per unit surface, 
#=the earth’s radius, 
M=the earth’s mass, 
m=the mass of the part of the sun’s st contained in 

the concentric sphere whose radius is 
M 2 
er 2 o¢t= the subtangent of the gas under its ne gravitat- 

ing force in the sun. 
The condition of equilibrium between the gravitating force 

of a thin horizontal layer of gas whose thickness is dr, and 0 
difference of elastic force between its lower and upper surfac 
is expressed by the equation, 

d-gat= —— ar. ke er pt © 

Under the hypothesis that the law of Mariotte and the law 
of Poisson prevail throughout the whole mass, and that this 
mass is in convective equilibrium, we have 

o=a constant, (1) 
ae 

4 representing the value of ¢ in the part of the mass where the 
density is a 
The theoretical difficulties which, if the supply of solar heat 
* k represen! ts the ratio of the a heat of a d ssure 

its specific heat under constant vo. ee ” 
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is to be kept up by the oe due to the mutual approach 
of the parts of the sun’s mass consequent on the loss of heat 
by oy come in when we perins a material departure 
from these laws of Mariotte and of Poisson at the extreme 
Spiiipecratnres and pressures in the sun’s body, or how far such 
difficulties intervene, will be considered further on. 

means of the constant value of o,and the value of ¢ 
given in (1), the above differential equation is transformed into 

hokey =~ bss 
the integral of which gives 

Q ie k—1 RR? = ade 
day Wow aay ae oMt, Oyo re yet (2) 

in which @o I is the value of ¢ at the sun’s center. 

We have 
r ts 

aif or? dr= 470, ve Sot dp, (3) 
0 0 2% 

If now we a 
ko Mt, 4 

aa pee ri) * (4) 

we shall have ' 
ko Mt 8 

mate NR) . ©) 

in which ft —0? dz, (6) 

and equation (2) becomes 
Q ee ude 

es a ys ae (7) 
In equations 6) and (7) it is plain that upon the value of & 

alone depends: first the form of the curve that expresses the 

value of > for each value of x; secondly, the value of the 
0 

upper limit of « corresponding to ar? ; and thirdly, the cor- 
+ 

responding value of «. These limiting, or terminal, values of 
x and “, cannot be found except by calculating the curve, for 
equations (6) and (7) seem incapable of being reduced to a com- 
plete general integral. But when these values have been found 

any proposed value of &, they may be introduced once for 
all into equations (4) and. 5), from which the values of 2; and 
of ¢ fy 8 are at once deduc 

made these calculations for two different’ assumed 
valine: of k, viz., k=1-4, which is near the experimental ele 
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it has in common air, and £=1#2, which is the maximum 
sible value it can have in the hight of Clausius’ theory of the 
constitution of the gases. The calculation of the curve of 
9 

%o 
small values of «x, integration by series enables us readily to 
deduce from oe hn (6) and (7) the following apipieicindate 
numerical equations 

, or of (2) , begins at the sun’s center where z=0. For the 

For k=14, 

M= Jes — yer ah ee? —sh Thee + ke. (8) 
1\°4 

i—(-) = fe? — pet od ret®—ro fs ge®-+ &e. (9) 
0 

For k=13, 

w= Je? — aye? +t pt" — selegt®+ ke. (10) 

ai )i=yet— hot +rzp0t'— srtpav®+ &e. (11) 
0 

kl 

For larger values of 2, until =) becomes _ sufficiently 

small as there is no need of great precision in these bed 

tions, I have merely developed the values of # and 

corresponding to =1'1, x=12, z=1°3, &, by means of dif- 
ferences taken from the differential co-efficients at the middle of 
each increment of x, and for the same reason have thought it 
sufficient to begin with z=1, in equations (8) and (9) or (10) 

k-1 

and (11). After arriving at a sufficiently small value of (s ) 

the calculation is finished by aid of the following — 
= also derived by integration fron (6) and (7). 

ee es 
k-1 k-~-1 

if 

pl a ola (-2) (14+X) M2) 

7" @—e) (k-1)? JE es 2g Qo. u(x —a “9 — a = ogi ob (x1) 2 a og —2) 

2 

(k—1)(2k2—3k42) Fie vei 

In these abe x’and “’ are the values of x and u corres- 

ponding too= =0, or the upper limit of the supposed solar 

atmosphere, and 
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—3) w—ax k(k—2)(2k—83) — k(2k 
A= (A- 1)(2k—1) ge’ @ 12(k—1)2(8k—2) x2 ++ &e. 

Pa lth 0—-Fal 

~ 3k(@k—1) 
With the values of a’ and v’ determined, using 7’ and m’ to 

express in like manner the corresponding values of r and m at 

the upper limit of the theoretical atmosphere, we find from 
equations (4) and (5) 

eS = 
(a’ —a) + &e. 

in mig! 3 
i eed PE (14) 

ne 2yl2 wk ee ee 2, 

4n(k —1)R?r!?9, (9 ee. 
and by equation (1), %=— F473 See , (15) 

_k-1 m' Rta! / 9@\3 
= ey *) ee) 

A ee at equation (7) will show that c — equation 

(13), or = ee may be taken equal to e me throughout the 

: Saddeestie upper part of the volume of the hypothetic gas- 

eous body in which 1-5, or 1—-=,, i is sufficiently small to be 

neglected. This substitution in the last equation gives 

k-1 a= 
iemmae "es = —r), nearly, (17) 

— ack 
uw’ k—1 y —r k-1 

and also om (2) Qo (=) nearly, 

Co 
1 cas Ae = r, k-i m —r k-1i 

mee Pe x 73 a (= 5" AB) 

Now the mechanical equivalent of the heat in the mass ¢ of a 
cubic unit in yarns of any perfect gas whose atmospheric 

subtangent is %, is ri ; ¢°ot, and the mechanical equivalent of 

‘the heat that it would give out, in being cooled down under 

constant pressure to absolute zero, is mai? If the density 

¢ is taken in units of the density of water, and the unit of 

ie. sae 

een sa eB act 

TSS Rest: saree GE! 

ES 9 See 
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length be the foot, this expression is multiplied by 62} to give 
for the mechanical equivalent in foot pounds 

—14+Kx-1 a FA yy! SPF fel 22 te 1 
nek Q° ota? hb = (” r\ 

k—1 Mr'*\ r |} 
(19) 

ms i o-at, of ts heat in the mass 

eac 
makes in a aga path through free eg till it impinges 
upon another compound molecule. If we wish to find the 
mechanical pote ON oe which would be vie to this aati of 

translation alone, we must put =1% in the factor 7-5 ; 5 OF 

which 9-ot¢ is multiplied, and this gives 39°ct. To find ‘Sah 
this the mean of the squares . he. ——— of translation of ° 
the compound molecules, we y the mass g, and, if the 
foot be the unit of length, ie ie = 64:3, whence we have 
for the bia found by taking the square root of this mean 
of the squares 

k—1 

3 k—1 m' R2x'\2/0\ = 8024/30; i= 8-02(5 : a) (2 £) (20) 

Determination of the curve of density for k= i ‘4.—Beginnin 
with «= 1, in equations (8) and (9), we find «= 2626 an 

0 to 
(2) ='8520. Developing the values of u and a ) for 2= 

iy ‘L, x=1-2, &c., by means of differences we arrive at the values 

#=2°145 and ({) ='1378 whenx=4'0. Putting these values 

into equations (12) and (13) we find 
x’ = 5355, #2’ = 2°188. 

If we now allow 74d of the radius “<i the 7 este evade — 
c Uy 

mean ic gravi earth’s mass at 54, and the mean 
specific eae of ‘he 4 sun within the photosphere at + that of 
the earth, as it is known to be, these values of x’ and u’ give 
us in equation (14) 

“ ¢, = 28°16, 

so that the density of the sun’s mass at the center would be 
nearly one-third greater than that of the metal platinum. 

Curve of densi ty for k=14.—For this value Pe a SR 
coefficients in equations (8) and (9) are placed by those in (10) 
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and (11). Otherwise, the same process employed with the value 

b=1-4, gives, starting with « = 1, «= 2875 and (4 a = 8459, 
and meat iets for c=1, c=172, &., brings us to u=2°557 

and ie )'= ='1591, for z=3-0, and finally gives us 

: a'—=3°656, w’=2°741, 
and if we now assume the same height as before for the theo- 
retic epee limit of the sun’s atmosphere, instead of ¢,=28°16, 
we fin 

Ctl. 

The new curve of deneity: is found in the same way as the 
first, and is presented to the eye in the diagram in comparison 
with it. In the upper part of both curves the scale of density 
is increased ten fold, and it is, in part only, evident to the eye 
how immensely different, for the two values of &, becomes the 

density in the upper parts of the sun’s mass. It appears to the 
eye only in p cause the ratio of the two densities multi- 
plies itself rapidly in approaching the upper limit of the at- 
mosphere. 

The above was communicated in writing as here given, to the 
Academy at its late session.* The draft ‘of the following, and 
a part of the details of its substance, have been prepared since. 

Equation (20) gives in feet the squaré root of the mean square 
of velocity of translation of molecules (8° 020/300). At the 
sun’s center we find this would be 831 miles per second for the 

rve of density corres te to k=14, and oy miles per 
second for the curve of 

from Pouillet’s s obsarvatiens: and his own made at the Caps of 
Good Hope about the same time, adopts, after allowing one- 
third for the absorption of our atmosphere. re, forty feet as the 
thickness of ice that would be melted per minute at the sun’s sur- 

* T desire here to state that the formule which show the relation between the 
temperature, the pressure, the density, and the depth ‘tes the upper limit of the 
atmosphere, so far as they apply to the upper part of the sun’s body, were inde- 
pendently pointed out by Prof. ree in a very seh ing paper which that dis- $e : 

given the term convective equilibri such that any portio 7 the sie, 
— —s into any new layer beret below, would Hen itself reduced, by 
its expansion or compression, to the temperature of the new layer. 
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face. The temperature of the radiating surface calculated 
from this datum by the formula of Dulong and Petit, and 
with the co-efficient of radiation found by Prof. W. Hopkins 
for sandstone, the smallest co-efficient he found, is 1550° C. or 
2820° Fah. But then the solar radiation is many thousands 
of times greater than the greatest in Dulong and Petit’s experi- 
ments, so that these calculations of the temperature of the sun’s 
photosphere have little weight notwithstanding the simplicity 
and accuracy with which the formula represents the experiments 

which it was derived. Nothing authorizes us to accept 
the formula as more than an empirical one. It seems desirable 

the hydro-oxygen — and the recorded effects of Parker’s 
ens. am not aware that this method has 

before been resorted to. 
If the angle of aperture at the focus of a burning lens, or 

combination of lenses, be called 2a, the radiation received by a 
at surface at the focus will be sin*a, if a unit be taken 

to represent the radiation the same small flat surface would 
receive a at the sun’s surface. Parker’s lens, with the small 
lens ad at the focus so formed, an angle of aperture of 
about 47°. A small flat surface at its focus would therefore 
receive about one-sixth the radiation that it would just at the 
sun, making no allowance for absorption by the atmospheres of 

Am, Jour. Sc1.—SzconpD Series, Vou. L, No, 148.—Juxy, 1870. 
5 
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bination, and assume further that the sun’s zenith distance did 
not exceed 48° in the experiments made with it, we find for the 
Eton multiplier oe the part of the sun’s heat r — 

arrived at the focus unintercepted, (4)'1*(7P= 55 
Hence the radiation rH received by a small flat surface at 
the focus was ‘09, or about one-eleventh, of what it wo 

, while the true a of the sun’s image pani be not 
ee s than one-third of an inch. 

niectu allowan ce of $ths in all, Se likely, pura to be much 
too large. Not much reliance, i ean be placed the formula here men 
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the combination of wire and oxygen under the atmos- 
eric pressure to be ae Cent. As the lime in the heated 

last would radiate rapidly, its temperature must have been 
lower than that of combined h ee and oxygen, and 1 have 
called it 2220° Cent. or 4000° 

e formula of Dulong and Petit, with the co-efficient found 
by Hopkins, as already Saas tye gives for the quantity of 

8 re (0077) [(1-0077)*—1]. 
It will be convenient, and, in the discussion of the high tem- 

peratures with which we are concerned, will involve no sensible 
error, to use the hypothesis that the space around the radiating 
body is at the esa of 0° C. and the formula for the 
ieee then 

8 8377 [(1-0077)* —1}. (21) 
The unit used b tl a in the formula here given, is the 

quantity of heat tbe 0 
of water 1° cen : nomen fw af the zane 

under 
uare foot of its surface, at its ture of 4000° 

Fah. If now we calculate its temperature by the above formula, 
from the estimated radiation, the nd is 1166° ae or 2130° 

This rature, 
and so far below that there can be no doubt tha formula of 
Dulong and Petit has failed at the melting point of lime. If 
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instead of the co-efficient 8377 we had used the larger co-effi- 
cient 12°808 which Hopkins gives for unpolished gprs ~ 
formula would have been reduced only 53° Cent. It best 
the direction of our inquiry to use the smallest co-efficient ich 
Hopkins’ experiments gave, since we are seeking the highest 
temperature which can be plausibly deduced from the sun’s 

shesatis may be valled the curve of radiation. The course of 
this curve from the freezing point of water to a point somewhat 
below the boiling point of mercury is correctly marked out to 
us by the formula. Beyond that we have but the rough 
approximation which we can get by means of the above com- 
parison, to the single point of the curve where the — : 
giath oat, of the sun’s photosphere. The attempt, from th 
data, to extend the curve till it reaches the full Siation 
of that photosphere, must be mainly conjectural As a 
basis for the most plausible conjecture I am able to make 

same temperature; secondly, that the curve of ster is 

conjectural assumptions—of the degree of probability of which 
€ greatest a 

ture the sun’s photosphere d have consistently with 
radiation of 64,000 at the temperature of 4000° Fah., is found =a 
drawing through the point representing that radiation and that 
temperature a straight line tangent to the curve of the formula. 
The line so drawn would cross the real curve of radiation in a 
greater or less angle at the radiation of 64,000 and tempera- 
ture of 4000° Fah., and at higher temperatures would fall mo ore 
or less below that curve, and its intersection with the sun’s 
radiation of 1,280,000 would be at a temperature greater than 
that 7 =~ curve, —_ = to say, greater than the tempera- 
ture of the sun’s osphere. This ter temperature is 
55,450° Fah. Fs te te 

‘A. different train of conjecture led me at first to assume 
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would lead us to limit the temperature of such clouds of solids 
or fluids, so also it seems difficult to credit the existence in the 
solid or fluid form, at a — temperature than 54,000° Fah. 
of any substance that we know of 

If then we suppose a felliceciacts of 54,000° Fah. , what would 
be the density of that layer of the hypothetic gaseous body 
— has that temperature, and what length of time would be 

at the observed rate of solar radiation, for the emis- 

the greater the densit of” rage layer of 54000° Fah. and the 
hea which a cubie foot of it would 

feeen as itis known to us. The value of ¢ is in that 
asd about 800 feet, and the value of & about 174, ee the 
same as in common air. ese values would e for the 
layer of 54000° Fah. a specific gravity about 06000095 that 
of water, or about one 90th that of hydrogen gas at common 
temperature and pressure, and the mechanical equivalent of the 
heat that a cubic foot of the layer would give oe = cooling 
down under pressure to absolute zero would be about 
9000 foot pounds, whereas the mechanical aeiealess of the 
heat radiated by one square foot of the sun’s surface in one 
minute is about 254,000,000 foot pounds. The heat emitted 
each minute would, therefore, be fully half of all that a layer 
ten miles thick would give out in cooling down to zero, and a 
circulation that would dispose of volumes of cooled atmosphere 
at such a rate seems inconceivable. 

It may possibly appear to some minds that the difficulty 

the photosphere, or its cloudy particles, to be maintained by 
radiation at a a tempe — to —— any extent dower than that 

commence at a temperature many times higher than the 
Fah. which we have pony for the upper eile surface of 
the clouds, and this, as before i pe seems to me i 
extremely fac are Sig 
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case, re t 

average length of the described by each between collisions 
is large compared with the diameter of the sphere of effective 
attraction or repulsion of atom for atom, the value of & would 
reach its maximum of 1%. Experiment has not shown us an 
gas in this condition, and for the — it is hy athetioal 
ven in hydrogen the value of & does not materi 

is split into mE free atoms equally as small, then, while the 
value of & would be 1%, the value of « would be about 1600 

If with these values we repeat the calculation of the 

and pr We fin 
equivalent of all the heat that a cubic foot of the layer would 
ne out in cooling down, under pressure, to zero, would be no 
ess than 13,500,000 foot pounds. Instead, therefore, of a layer 
ten miles thick, it would now require only a thickness of 88 feet 
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to give out, in cooling down to zero, twice the heat emitted by 
the suninone minute. It will be seen, (equations (17) and (19); 
that this thickness, retaining the constant value 2, would 

inish with the 2} power of the masses of ‘the atoms into 
which the sun’s body is hypothetically resolved (the reciprocal 
of the value of 0), and I leave each to form his own impression 
how far this view leads towards verisimilitude. 

It is important to add that the depth of the layer of 54000° 
Fah. below the theoretic upper limit of atmosphere, when cal- 
culated with value k=1:4, 7=800 feet, comes out only 1107 
miles, and with the values s=1% and 7=1600 feet only 1581 
miles. This calculation of the depth, unlike the other results 
above, may be said to he independent of the question of the 
constitution of the sun’s interior mass. It is alike difficult, on 
any plausible ype to reconcile a temperature no higher 
than 54000° F; any Penoapaie atmosphere extending 
many thousand miles above, and yet no less an authority than 
Prof. Peirce has assigned a ea a ra d miles as the 

Ww 
level of the photosphere. cia all are not yet agreed that the 
appeararions seen at such distances from the sun are proof of 

e existence of a true atmosphere there. It will be seen ics 
the numbers I give above were obtained from a first hypothes 
of an atmospheric limit 20,000 miles above the chcsncuben 
but for the purpose of this aper it is of no consequence to 
ne the calculation from a different limit. 

suffice here to repeat that the above numerical results, so far a8 
they may be thought to give countenance to the theory in its 
mechanical aspect, require that the entire inner mass of the sun 
shall have, at a mean, (in the su aoe peat dissociation), 
the v very small atomic weight specifi notice in this 

fe. ae dies Een st Oe beat iecccle ts or mi at which 
Fon ate wi es 
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brium would assign is notably diminished, and that it would be 
found that the circulation of the air is sufficiently active to 
mask the theoretic rate of diffusion. 

The second hypothesis which might offer itself in an attempt 
to make the theory rational, but which a very little reflection 
is, I think, sufficient to set aside, is that which would modify 
Clausius’ theory of the gases by assuming that in the sun’s 

at nearest approach. This way of harmonizing the actual 
000° Fah. in 

ner it involves the consequence that in any such small contrac- 
tion of the photosphere as can have taken place within the 

of elasticity of any form of matter known to us. 
Tn conclusion, Ido not mean to say that there is any invinei- 

ble ul exclusion of any law of the action of gases different 
from what is specified or alluded to above. I only mean that, 
so far as I can see, any theory of heat which is based simply 
and solely eee molecular attraction and repulsion ¢ 
molecular distance alone, cannot in its application to the sun, 
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the conditions of mechanical equivalency as defined by Joule. 
In fact, such exceptional cases as the expansion of water in 
freezing seem to favor such a view, though the range of that 
phenomenon is very limited. One way of forming a mechani- 
cal representation of such a constitution would be by associat- 
ing molecular motion with the ae ake oma —- 

‘or without molecular attraction or rep 

Art. X.—On the aes of observing the sg Transits of Venus ; 
y Simon NEwcoms 

Transits of Venus over the disk of the sun have more than 
any other celestial phenomena occupied the attention and called 
forth the energies of the astronomical world. In the last cen- 
tury they furnished the only means known of learning the dis- 
tance of the sun with an approach to accuracy, and were there- 
fore looked for with an interest corresponding to the importance 
of this element. Although other methods of gs at this 
knowledge with about equal accuracy are now known, the rarity 
of the phenomenon in question insures for it an amount of 
attention which no other system of observation can comman 
As the rival method, that of observations of Mars at favorable 
times, requires, equally wi with this, the genera. codperation of 
astronomers, the power of securing this co 
wet give the ene of Venus an sageoaae they would not 

erwise 
1G Meee the a transit does not occur for four years, the 
pre. ents for its observation are already being 
made by the A TERN and scientific organizations of Kurope. 
It is not likely that our government will be backward in fur- 
i the means to enable its astronomers to take part in this 

The principal dangers are, I apprehened, shove of 
ee out with eatin nt preparation, wi with unma‘ plans 

* Read before the National Academy of Sciences, April 13, 1870. 

SNC oct Dt Oe eee 
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of observation, and without a good system of codperation 
among the several parties. For this reason I beg leave to 
call the attention of the Academy to a discussion of the meas- 
ures by which we may hope for an accurate result. 

In planning determinations of the solar parallax from the 
transits of Venus, it has until lately been the custom to depend 
entirely upon observations of the internal Jane: of the limbs 
of the sun and planet, as proposed by Halley. It is a little 
remarkable that while astronomical observations in general have 
attained a degree of accuracy wholly unthought of in the time 
of Halley, this particular observation has never been made with 
a precision at all approaching that which Halley believed that 
he himself had actually attained. In_his paper he states that 
he was sure of the time of the internal contact of Mercury and 
and the sun within a second.* The latest observations of a 
transit of Mercury, made in November, 1868, are, as we shall 
5 sently see, uncertain by. several seconds. It is also well 

own that the observations of the last transit of Venus, that 
of June, 1769, failed to fix the solar parallax with the certainty 
which was looked for, the result of the standard discussion 
being now known to be erroneous by one-thirtieth of its entire 
pon Be 

The discrepancies which have always been found in the class 
of observations referred to, yin the results of pe pie 

itself in this form: When we view a bright £ body ; Peed 
upon a dark ground, the apparent contour of the bright body 
ed beyond its actual contour. It may be generalized as 

llows :—A lucid point, however viewed, presents itself to the 
sense, not as a mathematical point, but as a disc of appreciable 
extent, and, usually, of irregular outline. But, for our gs 
purposes the form of the disc may pe considered circular. Its 
outline is necessarily quite indefinite, and its magnitude in- 
creases oti eee 7 point A bright age being 
composed nity of Luci ints, its apparent enlarge- 
ment is an evident neat ae f this law * re : 

e foll diagrams show the effect of this law u the 

ap 
shows the geometrica form of a aren of the be i there Panini 

Figure 2 shows ‘hele correspon ppearance immediately afte: 
the contact. To indicate —— of irradiation, or +o -lkiw 
the phenomenon as it will actually appear on the theory of irra- 

* Philosophical Transactions, No. 348, p. 454, 
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diation, we have only to draw an infinity of minute circles, one 
from each point of the sun’s disk visible around the planet. 

8 la. 

The effect of this is shown in the figures la and 2a. The 

exceedingly thin thread shown in figure 1 is thus thickened as 

2. 2a. 

in la, and the sharp cusps of 
figure 2 are rounded off as 

shown in figure 2a. The ap- 
parent radius of the planet 
is diminished by an amount 

= to the radius of the cir- 
of irradiation, and the 

eal of the sun is increased 

y the same amount. om- 

paring figures la and 2a, it 
will be seen that the moment 

of internal contact ‘is marked 

by the apparent formation of 
Ser or “black drop,” between the limbs of the sun and 
the planet. This formation is of so marked a character that it 
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has been generally supposed there could be little doubt of the 
moment of its occurrence. The remarks of the observers have 
given color to this supposition, a black drop se generally 
described as appearing suddenly at a definite m 
Exa figure 2a, it will ‘aa seen that se tien still ap- 
= entirely within the disk of the sun. The geometrica. 

e which bounds the latter, and that which bounds the 
Slants instead of touching, nv separated by an amount equal 
to double the irradiation. the observer waits until the 

now realy widened ae flattened, extending on both sides this 
int. The estimate of the moment of contact must therefore 
died po ough, the ele of estimating being far less accurate 

than those afforded by a common filar micrometer. In the ac 
tual case the eye has to continue the two circles to the point of 
contact by estimation through a distance depending on the 
cope of emmeee while measures with a micrometer are 

vy contact of a wire with a disk. Such estimates 
jaye therefore, been Bacetianity sae - inv: tors, not 
only ‘from their necessary inacc use the time o 
“apparent contact” depends apon the macens of irradiatio: = 
which varies with the observer and the telescope. If there 
no irradiation at all, the time of apparent contact and that of 
true contact will be the same, as shown in a 2; while, 
when the cusps are enlarged by irradiation, apparent ‘contact 
will not occur until the —— has moved throug a space equal 
to double the irradiatio 
ian us _—- to es phenomena at actual contact. Accord- 

the theory as it has been presented, the formation or 
peo of the black ligament connecting the dark body of ¥s 
nus with the dark ground of the sky is a ee a 958 
enon, occurring at the moment of true 
was, I peas — yo eived theory u until Wolf meg ree made 

nus and the dark sky broke off by ea indefinitely thin, 
The result is not ult to account for. Irradiation has al- 

ready been described as a spreading of the light emitted from 
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each point of the surface viewed, so that every such point ap- 
oe asasmall circle. The obvious effect of this spreading is a 

as to be visible, or so thin as to be invisible. 
irradiation, and the worse the definition, the thicker will be the 

An interesting observation illustrative of this pare was made 

defined phenomenon which can.see is the meeting of t 
bright cusps and the consequent formation of the thread of light 
at ingress and the rupture of the thread at egress. 
To recapitulate our conclusions— 
1. The moment of observed internal contact at ingress is that 

at which the thread of light between Venus and the sun be 
comes thick enough to be visible. 

, least visible thickness varies with the observer 
awe the instrument, and, perhaps, with the state of the atmos 
phere. 
_ 8. The apparent initial thickness of the thread varies with the 

) e. 
Two ques are now to bediscussed. The observed times 

varying with the observer and the instrument, we must know 
how wide the variation may be. If it be wide enough to ren- 

* Astronomische Nachrichten, B. 73, & 209. 



iS. Newcomb on observing the coming Transits of Venus. 79 

der uncertain the results of observation, we shall inquire how 
its injurious effects may be obviated. 

The first question can be decided only by comparison of the 
observations of different observers upon one and the same phe- 

For such comparison I shall select the observations 
of the egress of Mercury on the occasion of its last transit over 
the disk of the sun. This selection is made for the reason that 
this egress was observed by a great number of experienced ob- 
servers with the best instruments, while former transits, whether 
of Venus or Mercury, have been observed less extensively or ata 
time when pasbtiodl: astronomy was far from its present state of 
ss and that the transit in question woul Ser: fur- 
nish much better data of judging what we might ex 
fare cbservations The comparison was made in the follow: 

selected from the “ Astronomische Nachrichten,” 
the s "ibaay Notices _ the Royal Astronomical Society,” and 

U 

tact. Next is given the aperture of the seiensope, and the mag- 
nifying power employed in the observation. Lastly, we present 
a es of the phenomena of contact as described by the 
obse 
The lettin V. C., (vanishing contact,) indicate that the thread 

of light broke by becoming paws thin, so that there was 
no irradiation = D. (black do the plan 

ters b. jadioats the appearance of the 
ligament, as shown in fig. . , 

R. R. Indicates that the ime is that of the rupture of the 
thread, but that it cannot be inferred from the statements of oa 
observer whether the thread had or had not a sensible thickn 
per es aoe before breaking. 

parent contact, as 3. 
When there is nd Diack foe the letters V. C. soars fon 
the same meaning. The letters are therefore employed daly 
when there is reason to beliens from the remarks of the ob- 
server that the cusps were rounded. 
nee rons a that ees! observer described the phenomenon 

as instan 
The letters b and g refer to the defin the first in 

that it was bad, the second that it w: wri — 
When there is no indication in thise column the observer gives 

no information respecting the phenomenon. 
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Reduced Observer. Puce. |, Mine'ot | Aner | rower. | gharacte of 
hm 8 

Oppolzer,* Vienna, 20 59 49°3 4 de th BA 
Oppenheim, Bonn, 51-8 on b.. 

yet, Paris. 57:0 5:5 222 |V.C. 
Le Verrier,+ Marseilles, 57°6 = B. D. (Inst.) g. 
4 Greenwich, 59:2 ? 170 ‘|B. D. 

P. J. Kaiser, Leiden, 59-2 3 siniisciend Bae Sty i) b. 
olff, Bonn., a OOS sia ae 

Liais,¢ Atalaia, 15 in "8 iV. 0.” ‘(g) 
Pulkowa, 2-7 59 

Stone,§ Greenwich, 40 123 245 B.D. 
is, Rome, 46 2 40 |R.R. 

i Pulikowa, 4°7 2-9 145 
Wagner, 4:7 37 148 
Nyren, as 47 T4 57 
Fuss, ue 1-3 9 63 
Dunkin, || Greenwich, 47 37 300 |B. D. 
André, Paris, 4°9 5 188 |V.C. 

53 ere: — b. 
Oppolzer, Vienna, 6-3 4 pee 2 ey 
Dr. Peters, tona, 13 a 111 jb. 

Paris, 3 1 P38} 368° V6. 
; Pulko 8-7 2°2 70 

Dollen, at 37 2°2 81 
Miroschnit schenko, E: t 3-7 106 
Leskinen, a “T 39 117 
Mancini, J 8, 95 6 60 |R. R. 
H. J. Carpenter, Greenwich, 9°6 ? 70 \|R. R. 
Kasavinoff, Pulkowa, 10°7 peal 36 
Kaiser, Leiden, 10°8 7 B.D... “De 

jek, ** Greenwich, s 4? 170. |B. D. 
Wolf, Paris, 4 8 200 |V.C. 

Rome, 6 7 200 |R. RB. 
J. Carpenter, . |Greenwich, 126 | 37 90 |B. D. (Inst.) 
Prof. Peters, Altona, 13-3 3 145 |b. 
Weiss, 13°83 5 40 jb. 
Struve, 13-7 2°5 207 |R. R. 
Stephan, Marseilles, 7 ue ia 2. R. (Inst.) 
Merino, Ma 41 5 00 |R.R. g. 
Duner, und, 42 9 320 |V.C.. g. 
Stone, Greenwich, 16-0 .* ef (A. 
Buckingham, Walworth, * ci ai: pe 

rv, owa, 18-7 2°8 226 
Leiden, 9-0 tio RRO 

* “38 yor dem Brechen des Lichtfadens schien Mercur gleichsam den Sonnen- 
rand etwas hina uszuchieben so dass an ee ein nach aussen 

und dessen Verschwinden ich als den 
; Be 
+ Le V errier used @ seven-inch meets @ diaphragm over the objective. 
; before this imbbicct ck Ton Sisal gaat 

com 

_ ** Instantaneous, Time perhaps 2¢ or 3° late. 
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TaBLE—continued, 

Character of Observer. Place. a iime. of —— POWar, 1 fore 

hm 8. é 

Ventosa,* Madrid, 21-0 10 150 |B. D. (Inst.) 
Kaiser, Leiden, 23°8 7 ie A.C. b. 
Lindeman, Ee 24°7 4-2 85 

i Uckfield, 28°5 3g A. C. (2) 
ohl, Kahlenberg, 29°6 4 135 .|V¥. 6 

Lynn,t Greenwich, 311 170 j|A.C 
Penrose | imbledon, 52°2 2°2 70 |R R 

In the preparation of this table, the original intention was to 
exclude all ney ations unaccompanied with any statement of 
the sieeve: hee exception was afterward made in favor of 
the observations of Bonn and Pulkowa, so that in this respect 
there is a lack of homogeneousness in the table. The few obser- 
vations of “ apparent contact,” have also been added, in the be- 
i that they would not be devoid of interest. 
Dew cipal conclusion, to be drawn from the comparison 

here exhibited, is that there is no discoverable relation between 
the time of observation on the one hand, and the size of the tel- 
escope, the magnifying power, (so it exceed 50 or 60) or the 
character of the phenomenon on the other. We find the phenom- 
enon of the apparently instantaneous formation of the “ black 
drop” to range from 205 59m 58s (Le Verrier r) to 21 0m 210 
(Ventosa). The times of “ Vanishing Contact ” on which Wolf 
and André lay so much stress, range from 205 59™ 57s to 21h Qm 
29s. If wereject Pohl’s observation, the range will still be 178. 
I think if the observations of external contact were collected and 
compared in the same way, it would be found that their agree- 
ment was as good as in the case of internal contact. So far as 
we have data for judging, these differences would seem to be 
due to the accidental errors of observation. Their amount in 
are may be inferred from the fact that 15s of time co d 
ag a change of 1” in the relative position of Mercury and the 

se Saran ore that we shall fail if we rely mainly on 
observations ternal contact. Still, there are two measures 
by which de. STEEN of the determination of ingress and 
egress may be greatly increased. The first consists in having 
the observer occupy the entire time of partial ingress and egress 
in making 5 came eeiawe. of cusps with 
such cpa. as may be best adapted for the purpose. The 
second consists in bringing the observers at opposite stations to- 
gether, both before and after the transit, and causing them to 
make observations on artificial transits with the same instrn- 

* Contact seemed to be established simultaneously at several points. 
+ Doubtful. Limbs “certainly in contact by at least that time.” 

Am. oe Sc1.—Suconp Series, Vou. L, No, 148,—Juny, 1870. 
6 
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ments employed in observing the transit of Venus, in order to 
determine what correction should be applied to the observa- 
tions of one to make them comparable with those of the other. 
It would be a comparatively simple operation to erect an artifi- 
cial representation of the sun’s-disk at the distance of a few hun- 
dred yards, and to have an artificial planet moved over it by 
clockwork. The actual time of contact could be determined b 
electricity, and the oe of the planet and the dis 
y actual measurement. With this apparatus it would be easy 

to determine the personal errors to which each observer was lia- 
ble, and these errors would approximately represent those of the 
observations of actual transit. 

till, it would be very unsafe to trust entirely to any deter- 

But, although we cannot determine contacts by photography, 
istance 

want is the value in arc of an inch on the photograph plate. 
This di ination is not without difficulty. It will not do to 
trust the measured diameters of the images of the sun, because 
they are affected by irradiation, just as the optical image is. If 
the plates were nearly of the same size, and the ratio of the diam- 
eters of Venus and the sun the same in both plates, it would be 
safe to assume that they were equally affected by irradiation. 
But should difference show itself, it would not be safe to as- 
sume that the light of the sun encroached equally upon the dark 
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ground of Venus and upon thesky, because it issomuch fainter 
near the border. 

If the photographic telescope were furnished with clock-work, 
it would be advisable to take several photographs of the Pleiades, 
both before and after the transit, to furnish an accurate standard 
of comparison free from the danger of systematic error. There 
is little doubt that if the telescopes and operators practice 
together, either before or after the transit, data may be obtained 
for a satisfactory solution of the problem in question. 

To attain the object of the present paper, it is not necessary 
to enter into details respecting choice of stations and plans of 
observation. I have endeavored to show that no valuable re- 
sult is to be expected from hastily-organized and hurriedly- 
equipped expeditions; that every step in planning the observa- 
tions requires careful consideration, and that in all the prepara- 
tory arrangeraents we should make haste very slowly. I make 
this presentation with the hope that the Academy will take such 

le. action in the matter as may seem proper and desirable. 

Art. XL—On the Geology of Eastern New England; by Dr. 
- ea Hunt, F.R.S. (From a letter to Prof. 5 

. DANA, 

WHEN, more than twenty years since, my attention was 
turned to the geology of New England, there was no evidence 
of the existence between the old gneisses of the Adirondacks 
and the coal measures, of any other stratified rocks than those 

before that time, maintained the presence, in western Vermont 
and Massachusetts, of a system of fossiliferous sediments, lying 
unconformably beneath the Potsdam, but the evidence up to 
this time adduced with to these so-called Taconic rocks, 
has failed to show that they include any strata more ancient 
than the hile most of them are certainly younger. 
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chiastolite, garnet and hornblende. These two series of rocks, 
extending from the base of the Green Mountains to Canaan 
on the Connecticut, it was suggested by Sir William Logan, in 
his Report on the Geological Survey, 1847-1848, might be the 
altered representatives of the rocks of Gaspé, including the 
Lower Helderberg group, and the succeeding members of the 
New York spate to the top of the Chemung. I then, as now, 
conceived that these micaceous and argillaceous schists, often 
holding garnets and chiastolite, were identical with those ‘which 
make so conspicuous a figure in the White Mountains, and else- 
where in Eastern New England, and when, in 1849, IT laid 
before the American Association at Cambr ridge, the results of 
the Geological Survey of Canada (this Jour., I, ix, 19), sug- 

vooke: of tha Green srs and from the fossiliferous Upper 
Silurian strata which lie at the southwestern base of the 
dian prolongation of the latter. Having thus exhausted the 
list of known sedimentary groups up to this horizon, it was evi- 
dent that the crystalline strata of the White Mountains must 
be either (1) of Devonian age, or (2) something newer (which 
was highly erg or ©): must belong to a lower and hith- 
erto unknown absence of any proof, at that 
time, of the selstente = oes a lower system, the first view, 
which referred these strata to the Devonian period, was the only 
one admissible. 

* In this connection should be recalled the views put forth in 1846, by Messrs. 
te: and W. B. Rogers, in a paper on the Geological Age of th the White- Mountains, 

mass of mo more or less alte 
upon the Mon seid su ic re: ney ref wi 
doubt, ton division of the on wid Silurian. In 1847, however, ped an- 

and y: 
organic life, hay of Reser. Fe Silurian 
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When, however, further investigation showed that the great 
and progressive thickening which takes place in the paleozoic 
formations from the west, eastward, is not confined to the aug- 
mentations of existing subdivisions, but includes the intercala- 
tion of new ones; when the few hundred feet of typical Pots- 
dam sandstone in New York are represented in Vermont, 
Quebec and Newfoundland, by thousands of feet of strata 
lithologically very unlike the type; while the Quebec group, 
not less in volume, appears representing the beds of passage 
between the Calciferous and Chazy divisions of New York, we 
begin to conceive that conditions of sedimentation, very unlike 
— hitherto suspected in the west, prevailed to the east- 

ard. When, moreover, we find widely separated areas of 
faanseacan and Huronian rocks,—remaining fragments of great 
series,—resting upon the Laurentian, from Lake Huron to New- 
foundland, we get evidences of a process of Sete in past 
ages, not less remarkable than the sediment 
My oo of last year have fet i me oi a conclusion, 

which had previously been taking shape in my mind, that there 
exists above the Tacreasen a great series of crystalline schists, 
including mica-slates, staurolite and chiastolite- schists, wi 
quartzose and hornblendic rocks, and some limestones, the 

p- This in 
ness of several fond feet, is terminated a calcareo-mica- 
ceous schists, in which Eozoon Canadense has been found, both 
in Madoc and in Tudor. In these localities, as shown by Daw- 
son and Carpenter (this Jour, Il, xliv, 367), the calcareous 
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skeleton of the Eozoon, instead of being injected by serpentine 
or another silicate, is simply filled with impure calcareous and 
eee oiicebue matter. ‘The presence of this fossil serves to con- 
nect these rocks with the Laurentian system, with which they 
had provisionally been classed, although their lithological dis- 
similarity had long been n oticed, and in 1866 Sir William 
Logan had remarked chieis't resemblance to the mica-slate series 
found near the sources of the Connecticut River (Report Geol. 
Survey, 1866, p. 98). 

Mr. Alex x. Murray’ s report of his explorations in, Newfound- 
land, published in 1866, throws much light on the history of 
the rocks immediately succeeding the Laurentian in that region. 
He found in the great northern peninsula, about the Cloud 
Mountains and Canada Bay, not less than 5400 feet of strata, 
referred by him to the Potsdam group. Of these the lower 2500 
feet consist of bluish-gray slates, holding near the re beds 
which become conglomerate from the presence of quartz peb- 
bles, and are followed by a mass of purplish erhadh toa dio- 
rite, holding epidote and jaspery red iron ore. Then follow 
2000 feet of = ea ge and somewhat micaceous slates, with 
beds of quartzite and of limestone, generally impure. These 

the Potsdam group. To this second division succeeds a third, 
consisting of about 900 feet additional of limestones and slates. 
Somewhat farther southward, at Great and Little Coney Arms, 
the lower half of the above series is not observed, but a succes- 
sion of strata, supposed to represent the upper portion of the 
otsdam, is more particularly described. It consists, at the base, 

of 800 feet of pale bluish- mica-slates, with iron stains, 
‘softer, more finely laminated, and more uniform both in color 
and in texture” than some micaceous strata described by Mr. 
Murray as pee. n the Laurentian in that region. To these 
succeeded 480 feet of similar soft bluish-gray mica-slates, holding 
numerous thin seams of dark colored limestone, and ‘followed 

to be Laurentian gneiss. e relations of Par saad whiti 
iti¢ mica-slates are aes esse but M was 

inclined to regard them a position beneath the occupying 
Potsdam group. The Tatter in Canada Bay, is immediately 
followed by the unaltered fossiliferous —* and shales of 

§ 

é 

: 

: 
* 
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the Quebec group. From these investigations of Mr. Murray 
we learn that between the Laurentian and the Quebec group, 
there exists a series of several thousand feet of strata, including 
soft bluish-grey mica-slates and micaceous limestones, belong- 
ing to the Potsdam group; besides a great mass of whitis sh 
granitoid mica-slates, whose relation to the Potsdam is still 
uncertain. ‘To the whole of these we may perhaps give the pro- 
es are name of the Terranovan series, in allusion to the name 
Newfou 

some years since pointed out the indigenous character of the 
so-called granites. In the summer of 1869 I had an opportunity 
of examining, with Prof. L. W. Bailey, the region about St. 
Stephen, on the river St. Croix, where he had already observed 
a series of ferruginous quartzites and imperfect gneisses, accom- 
panied by soft bluish mica-slates sometimes holding chiastolite, 
rt igen = sess These highly ee schists are not 

re than five miles removed from unaltered shales of the 
Gaspé series, noutelaiig fossils of Upper Silurian or Lower 
Devonian types, and rest unconformably upon older id 
rocks, which Prof. Bailey Sega as probably Laurentian. 

these also overlie, uncon riser bs an older granitoid 
More recently "Prof. Hind has pointed out that some Sof the 

so-called granites of Nova Scotia are ancient gneisses, probably 
of Laurentian age, and have shown that between these and the 
gold-bearing slates of that province, there is found, near Wind- 
sor, and near Sherbrooke, a series of beds of no great even nal 
mommies of imperfect gneisses, quartzites and micaceou 
schists, which rest unconformably on the Laurentian, and aos 
sometimes wanting altogether. ese include mica-schists with 
chiastolite and garnet, and appear identical with those alread 
observed. by Dr. Dawson in other parts of Nova Scotia, vihich 
hed alzeeity:.to0 recognized as the same with those of the White 

Monnens a those of the St. Croix, just noticed. Prof. 
Hind, in a late paper, has called these, from their position in 
Nova Scotia, Huronian; but the Cambrian or Huronian rocks 
sect by Messrs. Matthew and Bailey in New Brunswick, 
where they are widely spread along the north side of the Bay 
of Fundy, consist of massive diorites and quartzose fuldepos- 
porphyries, st occasional sandstones and conglomerates, and 
are very un e gneissic and micaceous rocks in question, 
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England. If this upper series is to be identified with the crys- 
talline schists which, in Hastings County, Ontario, overlie, 
unconformably, the Laurentian, and yet contain Hozoon Cana- 
dense, the presence of this fossil can no longer serve to identify 
the Laurentian system. To this lower horizon however, I have 
referred a belt of gneissic rocks in Kastern Massachusetts, which 
are lithologically unlike the present series, and identical with 
the Laurentian of New York and Canada. To the upper series 
appear to belong the great endogenous granitic veins so well 
known to mineralogists as containing beryl, tourmaline and other 
fine crystallized minerals. 

fine-grained, white granitoid gneisses, often present an 
apparently bedded structure, which enables them to be removed 

and in the cuttings on the Grand-Trunk Railway near Berlin 
Falls, New Hampshire. It is also observed in exotic or intru- 

te S 
Von Buch, and, I believe, correctly explained by Prof. N. 3 
Shaler to be due to movements of contraction and expansion in 
the mass, caused by variation of temperature during the changes 
of the seasons. He has not however observed this structure at 
greater depths than from three to five feet, while in some rocks 
I have found it penetrating probably twenty feet. (See Shaler’s 
paper, read a the Boston Nat. History Society, 
1869, and published in the Proceedings of the Society, 
page’ 289). 
Rt kee, I admit the existence in the Dominion of 

ed. ey 
vol. xu, 

strata in Maine and New Brunswick are generally but little 
altered. In the Connecticut valley at Bernardston, Massachu- 
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setts, near Lake Memphremagog in Vermont, and further north- 
ward in the province of Quebec, fossils of this horizon are found 
in rocks which, in some localities, are more or less altered and 
crystalline, I believe however that much of the calcareous mica- 
slate of Eastern Vermont will be found to belong to the Terra- 
novan series. The extent of these newer rocks, and the limits 
between them and the more ancient schists, of the ruins of which 

investigation. For the solution of these, Prof. C. H. Hitchcock, 
by his labors in Vermont, is already well ‘prepared, and it cannot 
be doubted that he, with his able assistants, will in the Surve 
of New Hampshire, now in progress, throw much light on New 
prema geology. It is worthy of remark, that strata holding 
fossils of Lower Helderberg age, or thereabouts, are not confined 
to the shores of Maine and New Brunswick, and the valleys of 
the Connecticut and St. John rivers, but are found beyond the 
Green Mountains, in the valley of the St. Lawrence, near’ Mon- 
treal; where, on ‘the island of St. Helen, they rest unconform- 
ably on n the Utica slate, and at Belceil Mountain , near by, on 
intrusive vad ee which there break through the ‘shales of the 
Hudson River group. 

The relations af this Terranovan series to the porphyries and 
diorite rocks which, in New Brunswick, have been called Cam- 
brian and Huronian by Mr. Matthew (first distinguished b 
him as the “ora group), yet —— to be determines 

near to the 

Newb ort, and at Salem, Lynn, and Marblehead, Massachu- 
setts. Farther researches about er Bay, where 
the mica-slates are found not far removed from th rphyries, 
will probably enable us to determine their paladin to’ each 
other. 

It will be remembered that Giimbel has found, in Bavaria, 
beneath the laa fossiliferous clay-slates, a mica-schist (and h orn: 
blende-schist) series, reposing upon the Hercynian gneiss, which 

tian of North America. He distinguishes beneath this a t 
mass of red gneiss, apparently without limestones, to which he 
has given the name of the Bojian gneiss. It will however be 
remembered, that in his studies of the Laurentian system on the 
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Ottawa, Sir William Logan has shown that this immense series 
(his Lower Laurentian), some 20,000 feet in thickness, includes 
four great masses of gneiss ae quartzite, divided by three lime- 
stone formations, and that it is in the uppermost of these, which 

tian) or Huronian series. (See Giimbel on the Laurentian o 
Bavaria, translated and published in the Canadian Naturalist 
for Decem ber, 1866). Comparative studies of this kind should 
not be neglected i in the investigation of our American rocks. 

Montreal, May 10, 1870. 

ART. ceil = Contributions ; by CHARLES UPHAM 
EPARD, Sr. 

1. A new variety (species ?) of Columbite. 

THE Columbites of New England deserve a closer examina- 
tion than they have yet received. Those of New Hampshire, 
Massachusetts and Connecticut may embrace at least two, per- 
haps three, Bestest species. A new locality, recently 

different froin i jshodupiioas of the old one on the farm of Mr 
rainard, as to have to doubts — collectors whether it 
oe belongs. to the Columbite grou 

or my 

he 
single repository, contiguous to the ‘center of the village, "abd 
directly in rear of the house of Mr. Nathaniel Cook, the well 
howl collector and dealer in Haddam minerals. The locality 
was opened by explorers for porcelain stone; but the feldspar 
tao ol too ferruginous, being of a somewhat flesh-red color, 
as led to an abandonment of the enterprise. Although this 

very is a recent one, it is not unlikely that specimens from 
the same spot had previously found their way into cabinets ; 
and may thus have led to some of the discrepancies existing in 
the various disseipiions of the Connecticut columbites. 

The general aspect of the crystals is rather peculiar. Instead 
of flattened prisms, they are nearly all square and often, 
through imperfection, decidedly rhombic. ith the common 
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those of columbite or of tantalite. They are all strictly isomor- 
hous. An unimportant, though striking peculiarity is ob- 

served in these crystals, proceeding from the unusual develop- 
ment of the octahedral faces, whereb they possess a four- 
sided pyramidal summit at one, or each extremity. Very rarely 
are traces of the — plane visible; and when seen, the 

fe) pavonine tints are seen in the present variety. Their 

absence i sh so marked, not only on natural planes but also on 
fracture es, as to afford a ready an sure criterion 
for pterrmpertire ais specimens of this locality from those obtained 
at the old one of Brainards, where every crystal and almost 
every rns Sees displays the blue or yellowish tarnish. 

The color of the fracture is perfectly black ‘approaching 
pitchy. at is more firm, and less prone to crumble than the 
ordinary columbite. The fracture is occasionally small con- 
choidal. No distinction in hardness can be made out. It is 
nevertheless more easily ground to a fine powder than the 
usual mineral; and, when perfectly powdered, presents an 
almost black color, ‘while columbite is only brownish black. 
light distinction is so marked, as to be recognized by candle 

But the most remarkable distinction resides in its lower 

534 = 5°35; while four specimens of columbite from the 
B rd locality gave 6°02, 6°03, 6:10 and 619,—the average 
being 6-085. 

Its powder, strongly heated in an open platinum crucible, 
lost only ‘02 p. c. in weight but changed in color, by sey eral 
shades, to a brownish bla 

Alone before the blow- ar small fragments had their edges 
decidedly rounded by fusion. Treated in powder in small 
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quantity, in the outer flame with borax on platinum wire, a 
clear, pale yellow globule (while hot) with faint tinge of brown, 
was obtained, which on ee became almost colorless. In 
the eee flame, no change took place, excépt that of greater 
paleness in the glo pulse The addition of nitre produced the 
reaction for manganes 

he columbite aoe from Brainards’ gave similar results, 
with the difference, of ne tints to the glass. 

With microcosmic salt, the behavior was similar, excepting 
when the mineral was nadded i in excess; a brownish red globule 
was then afforded. 

Heated with mptente of soda on charcoal, is yielded, in 
common with the columbite, minute granu es of 

It is feebly, if at all, attacked b hydrochlove aks but is 
perfectly decomposed by heated atipharie acid, e action is 
evinced almost immediately,—the mixture Poca first yel- 
lowish, then greenish yellow, oe ae ong yel on which 

rm 

nae 
A portion of the white Gest e residue (after decomposition 

of mineral with sulphur ae) on being ag aie on tinfoil with 

cheniset ss a SS as 
Another pernee of the above moist powder was gee with 

dilute omg uric acid and a strip of zinc. The metal was 
hours al coated by a dark blue precipitate, which see two 
hours also changed to ash-gray. 

heated we. of a faint yellow rae and ni coh. white after 
tinged borax pale citron yellow while hot, but 

left it ties on cooling; and gave similar results with 
microcosmic salt. 
- Peo of the metallic acids was fused with caustic soda 

ilver crucible. The mass obtained was dissolved in 
ia and through the solution a stream of carbonic acid was 

* This easy decomposition, which is the most w hae in the new varie ts 
also to the meagecor be absence of tantalic aci ee 
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conducted to complete saturation, producing no precipitate, 
whereby the absence of tantalic acid was inferred.* 

Analysis, the decomposition being effected by fusion with 
potash, gave the composition as follows: 

tallic acids 78°30 
Protoxyd of Iro 13°86 
Protoxyd'ot Manganese -.. 2-2. +... - 7°72 
Tin only in traces. 

100°28 

In two processes for the metallic acids, one by the decom- 
position of the mineral by sulphuric acid, ‘the other by potash, 
an exact agreement in specific gravity was found, viz.: 4-06; 
from which, perhaps, it may be just also to infer the absence of 
tantalic acid, whose density when pure, though varying some 
what according to its mode of preparation, averages fully one- 
third higher than the present result. 

Hermann distinguishes three varieties of columbite, 
(1) with gravity sores 5-9, (2) with gravity 55 to 5°9, aaa (3) 
with gravity 54; but it is very doubtful whether an example 
of the mineral under notice has ever fallen into his hands, as 
this locality is of recent discovery. In conclusion, it may be 
added that minute coa of uranochre were observed in 
patches and s cor upon a few of the crystals ; though no 
phen one the presence of uranium was afforded in the 
minera 

2. Unknown mineral (microlite ?) in Haddam columbite. 

This mineral I suspect to be new. It has never fallen under 
my notice until found among the productions of a recent blast- 

* The following reactions were obtained i in testing a solution of the above com- 
soda with th hag seep maid of mercury, a , dense 

precipitate of a ae yellowish white, w! ich after fifteen minutes assumed a green 

standing; fe: rrocyanid of potassium, no change at first, b 
one rwards; : 8 eae oric acid rendered the solution feebly oats at dee end of 

es immediate o hours; reci 
infusion of nut-galls no effect until a aed fe! hydrochloric acid was added, when a 

, orange-red precipitate appeared; nitric acid gave an abundant precipitate 
that did not dissolve bet Aaron etcoahion’s sparen oluminous ‘pre- 

: of the solution was evaporated to 4th i 

in porcelain, it e Town, black. i ficcacton reactions are 
those heretofore supposed to 0) umbium ; 
but it oo that they may be shared to some extent by those of the allied 
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charcoal ace a bnted minute traces of tin. The high ada- 
mantine lustre next suggested zircon and tungsten. The color 
was intermediate between that of wohlerite and monazite ; but 
a closer examination showed a wide divergence in other proper- 
ties from either of these spec 

Apparently equilateral banngiiic planes were detected ; and 
finally portions of both pyramids, which leave little doubt that 
the form is that of the regular octahedron, especially as two of 
the solid er clge were each similarly replaced by four planes, 
resting on the octahedral faces. To verify this ie prhiegs of 
a cubic sear. vill require the breaking up of t nt 

ecimens I possess of the crystals, which for the seni I 
efer in the cae of obtaining other Te The hardness 

is 5°to5%5. Brittle, fracture conchoidal, semi-transparent to 
translucent. Luster of fracture, resinous; that of surface of 
crystals, adamantine. Streak ellowish white. 

Before the blow-pipe, infusible. After long heating, it loses 
its brown tint, and while still hot, assumes a feeble citron 
yellow color, which becomes paler on cooling, when it is seen 
to have lost much of its luster, and is also less translucent. 
With microcosmic salt in the outer flame, it slowly dissolves 
into a perfectly colorless, transparent glass ; but in the interior 
flame, it becomes, while warm, slightly milky with a tinge of 
blue. An intermittent flame produced the same transparency 

in the absence of all cleavages as well as in luster and in its 
behavior before the blow-pipe. Its mode of occurrence and 

ioe mineral at Haddam occurs eae ia or upon, the 
columbite. 

_ 8. New locality of Bismuthine and Bismutite in Haddam. 
About thirty years since I pointed out the existence of both 

these species and a third bismuthic mineral, the bismucone, a3 

| 

| 
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existing together in small quantity, associated with chrysoberyl, 
yellow beryl, columbite, garnet and a zircon mineral which I 
afterwards called calypto olite. Mr. Ames has lately procured 

of the meeting- house. They ad etre formed a narrow 
seam in the common orthoclase granite, which had been opened 
with a view to working as a porcelain-feldspar quarry. One of 
the specimens weighs about half a pound; and constitutes a 
deeply striated or channeled crystal. The mineral was supposed 
to be molybdenite. Examined before the id -pipe, it affords 
no indications either of tellurium or seleniu 

4. On the metallic acid in Microlite. 

It having been suggested by Prof. Brush, from blow-pipe 
experiments* and the higher percentage of the metallic acid in 
this mineral, that it is the tantalic instead of the columbic, 
made the following experiments upon two small crystals whose 
weight together was 0350 gram. It was decomposed by 
fusion with bisulphate of potash, cold water dissolved the mass, 
which afterwards deposited a white granular precipitate, the 
clear supernatant — not showing even an opaline tendency 
on ebulition. The white precipitate after ignition gave 72°80 
P. ce. for the metallic acid. It evinced scarcely the ce 

opeaty. No tinge of violet or pink is visible. 
F the metallic acid afforded a bluish gray 

The es of alkali — removed by cold water, the 
iduum. A portion 

this solution on ban skdiioted with hydrochloric acid, and 
afterwards treated with solution of nutgalls, gave a very yellow 

i that prod lum. 

th 

chief } ion of the sbi solution was then super- 
ot ep — acid, and gave rise to a decided 

* Dana’s Mineralogy, a 
+ There was a want 0: corresponden ce also in the reactions of the metallic acid 

poe soda a pe with nce Enis of one nitrate of mereury, corrosiv iS iebiiate 
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precipitate. From the foregoing results, it would seem little 
—— remains that microlite is a tantalate rather than a colum- 
bate 

5. Redondite. 

I have examined still farther be ro phosphate of 
alumina and iron described by m a previous number of 
this Journal beck xlvii, p. 838), as oconting so abundantly in 
the island of Redonda, W. I, and am now of the opinion that 
it constitutes a species distinct from Gemnit from which it 
differs in several particulars, and essentially in specific gravity. 
Barrandite has gr.=2°576. Redondite gives gr.=2°019, which 
may be presumed to be a little too high, as the three examples 
used in ic a were found on a aes to give 88 

407192 p.c. But as the silica a ‘8 p. c.) was obviously acci- 
dental, the aes of ee Tred acid in the ee mineral 

e water is 24°73 p. ¢ 

6. Piper acid in the Diaspore of Chester, Mass. 

Heermann having found phosphoric acid in the diaspores of 
several 1 eines I thought it worth while to analyze a good 
crystal of this mineral from Chester. It was semi-transparent 
and of a rich hair-brown color with a faint tinge of violet. 
Sp. gr.=3'343. The phosphoric acid was determined by the 
molybdate of ammonia. I obtained 

Wat qe Sak BO 
Phonkaie acid, - 0°32 
Protoxyds iron, with traces of manganese___. 0°38 0° 
Alumina not determined ; but by difference _- _83°50 

100°00 

7. The Pelham Vermiculite ? 

It occurred to me as — interesting to ened a 
chemical examination of this rather curious exfoliatin 
described by Mr. Adams in a late number of this joni ak 
xlix, p. It is very abundant, and to the eye apparently 
as homogeneous as other softened micas. 

It loses on an average 7 p. c. of water by ignition. By diges- 
tion in hot aqua oe half its weight comes} into solution, 
leaving behind 50 p. c. of minute, colorless ‘scales, closely 
resembling margaric acid. They are so remarkable for their 
haesy of size, freedom from color, and pearly luster, as 

suggest their inorganic composition, Under the 
icpe, however, they very nearly give the distinct lateral 

' 
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cleavage lines of mica; nor have they the perfect elasticity of 
a true mica. The ey show no tendency to farther exfoliation 
when heated; before the blow-pipe they melt with difficulty 
on the edges into a colorless glass. Profi DesCloizeaux was 
kind enough to examine some of these scales optically; and 
found them to be uniaxial, from whence it is probable that 
they belong to a species biotite. 

e solution in aqua regia afforded the following result in 
reference to 100 parts of the dissolved material. 

‘Spaerire 14:00 

Magnesi 13°68 

Peed: of iron_- 32°00 
Silica 24°00 

No search was made for alkalies ; but from the result obtained 
it is apparent that the magnesia in part explains the use made 
b ee meas of this material for a fertilizer, as described by 

r. Adam 
The pein, however, which most interested me was the dis- 

covery thus accidentally made of the cause of the worm-like 
exfoliation in the mineral, viz: from the coating of the mica 
scales with a hydrated, argillaceous mixture, which probably 
owes its origin to the decomposition of some other _ of the 
micaceous or chloritic family. In subjecting a fragment of the 
vermiculite of Millbury, Mass., to a similar action of aqua re; 
the result was an abundanée of brilliant green scales, O batle 
belonging to the species ripidolite. It may therefore be sug- 
gested, that many earthy species of minerals (silicates) will under 
analogous treatment be found to be less homogeneous than 
been suppose 

Amberst, May 7, 1870. 

T. XUIL—WNotice of a new : of Gavial from the Eocene 
of New Jersey; by Professor QO. C. gees of Yale College. 

and ten vertebre. The o odssification of the neural arches of 
the vertebra, and the ene entire obliteration in some of them 
of the sutures, would imply that fous individual, although 
diminutive, was nearly or quite ma 
Am. Jour. So1.—Szconp Szrrss, Vou. L, ee i 148, —JULY, 1870. 

7 
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The few portions of the skull preserved are sufficiently char- 
acteristic to show that the animal had an elongated muzzle, and 
that the upper and posterior parts of the head were of the gavial 
type. ee form of the parietal bone indicates, moreover, that 
the temporal apertures were large, and near together, with their 
Suinine sides meer? vertical. The La niertag are —— 
oo strai n the inner side, and their condylar 
faces deeply iff obi sbliguely notched. The pieamatio fora 
on the upper surface of the quadrate near the inner edge, is 
vey large, and see The teeth of this specimen were 
un fortunately not secur 

rtebree are well reserved, and present marked char- 
one, “The articular cup is transversely oval in the cervicals 
and anterior dorsals, and has its upper margin depressed in the 
Ags dorsals. The ho Sees are simple and elongate. 

vom canal of the cervical and anterior dorsal series is 
e, and sub-rectangular in eerrere and the floor unusu- 

a teat and flat. In the posterior dorsals the canal, although 

a ] transverse, becomes less rectangular, with the broader por- am 

tion above. 

The principal dimensions of the tenth, or first dorsal, vertebra 
are as follows :— 

Length of centrum, - - 15° lines. 
Transverse diameter of cup, Sey iS, 2 pte Baie gare 
Vertical diameter of cu ee eee (ee 
Width of Pe canal, in front, mt = 
Height of neural canal, in front, - - #50. * 

The species here described ma — prove to be generi- 
cally identical with the one name writer Thecachampsa 
Squankensis, which is the only Croeodan hitherto found in the 
Eocene of New Jersey. The genus Thecachampsa, however, a8 
proposed by Prof. Cope, easitioe yeh be regarded as a valid one, 
since the concentric structure of the dentine on which it was 
founded,* is not a character of generic importance ; for it occurs — 
in various other Crocodilians, and also in some of the Cetacea. 

the genus Gaviahs, = be called Gavialis mi 
It may readily be distinguished from Thecachampsa 

e from eatly inferior on 2p the ogee amin 

instead of vertical, mn ue y Uy by Senne the b eats ot art sted 
vertebree proportion ngate, and without the 
remarkable saa iiaak is one of the most & 
characters of the latter specie~ 

* Proceedings Philadelphia Acad. Nat. Sciences, 1867, p. 143. 
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The present specimens indicate that the animal to which they 
belonged was quite slender, and about six feet in length. They 
were found by Hugh Hurley, Hsq., in the Hocene greensand 
of Shark River, Monmouth county, New Jersey, and by him 
presented to the Museum of Yale College. 
New Haven, Conn., June 10th, 1870. 

Art. XIV.—On Hydrogenium-amalgam; by O. LoEw, of the 
College of the City of New York.* 

bubbles of hydrogen on allowing the mixture to stand fora 
time. This decomposition of water by zinc is intensified when 

5 per cent of ae is pressed directly after its preparation, 
between sheets of filtering paper and then spread out in a layer 

; Read before the Lyceum of Natural History, Chemical Section, Apr. 11, 
zinc-amalgam containing more than 5 per cent of zinc is a solid, and i i 

state, is not well fitted for use, though it 1d doubt 1 = ance He 
in the amalgam. zinc-amalgam of 5 per cent is readily liquified at a moderate 
heat and should then be immediately used. sits sama 
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washed with water, it undergoes a very slow decomposition, 
the volume increases a bubbles of hydrogen escape throug 
the water above. An ition of zine-amalgam or sodium- 
ie greatly accelerates the decomposition of the aie. 

the Adee putea formed on the surface of the mer- 
cury, gradually decomposing above and being renewed from 
below. 

Graham compares hydrogenium to the active modification of 
oxygen, and no doubt there is much analogy between them. 
We may distinguish three modifications of hydrogen; namely, 
(1) common nascent hydrogen formed by the action of sea 
amalgam on water, or by that of zinc and hydrochloric acid ; 
has a strong reducing power but cannot form hyaeooentale 
amalgam ; (2) common gaseous hydrogen which has at common 
temperatures only a very weak reducing power; and (3) hydro- 
genium. ‘There are reasons for believing that these differences 
may be expressed by the following formule: 

[O] OO [00]0 
Antozone Common oxygen Ozone 
a oxygen, B oxygen. y oxygen. 

HH)|H 
Common nascent or Common gg or Hydrogenium 

drogen. B hyd y hydrogen. 

Art. XV.—The Brachiopoda, a Division of Annelida ;* by 
Epwarp S. Mors. 

At a meeting of the Boston Society of Natural History, 
June ist, 1870, Mr. Edward S. Morse made a verbal communi- 
cation on the position of the Brachio la in the animal king- 
dom. He referred to the branch of Mollusca as it was under- 
sod ike, years ago, when misled by external characters, many 
worms, a and Spirorbis, and a group of Crustaceans, 
the Cirri were included with mollusks, and that from a 
proper ee of their characters these diverse forms had 

from Proceedings Boston Society Natural History. 
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been eliminated from time to time, and referred to their proper 
branches. After long and careful study Mr. Morse was pre- 
pared. . state that the Brachiopods were true Articulates, and not 
Mollusks, and that their proper place was among the worms, 
foentig a group near the tubicolous Annelids. 

He stated that for the past year he had been deeply engaged 
in the study of the Brachiopoda, and more particularly their 
early Senaty Beside material from the coast of New England, 
he had had, through the kindness of Prof. A. E. Verrill, a large 
lot of Discina from Callao, Peru, belonging to the Yale Col- 
lege Museum. From these he had s tudied their early s.ages, 
but as he had in preparation a memoir upon the subject, he 
would now confine himself to the considerations that follow. 

He first spoke of the structure and composition of the Brach- 
iopod shell, and pointed out the relations between the ccecal 
prolongations of the mantle in Terebratula and a similar struc- 
ture in the test of Crustacea. He had also noticed a marked re- 
semblance between the polygonal cells in the shell of a youn 

ma, and a similar feature in certain lower Crustaceans. 
The scale-like structure of the test of Idotaea, resembled the 
scale-like structure of Lingula. The skin of Nereis had similar 
punctures or dots, as seen in Zerebratula and also in the pedun- 
cle of Lvngula. He had submitted the shell of Discina to 
chemical ‘cots and believed it to be chitinous. Gratiolet had 
already given the chemical analysis of Lingula anatina an 
found forty two per cent of gee eeu of lime, and only s 
per cent of carbonate of lime. The position of the valves a 
all Brachiopoda were dorsal and ventral, and this was a stro 
articulate character to be compared to the dorsal and ventral 
plates of the Articulates. The horny setz that fringe the man- 
tle of Brachiopods was a ~~, entirely absent in the Mol- 
lusea, and peculiar to the w 
The —— of worms differ 4 from those of other articulate 

in having sheaths containing muscular fiber, while in 

the epidermal layer In oped orn mee or bristles were se- 

then 
called attention to the resemblance been the lo: ihophore of 
the Brachiopods and a similar structure in the tubicolous worms 
In Sabella the cephalic collar was split laterally, and a portion 
of it reflected. Let this collar be developed so as to cover the 
fringed arms, and a representation of the mantle of Brachiopoda 
would be attained. The thin and sation visceral walls 
suggest similar parts in the worms. The circulating system he 
ad not sufficiently studied, though Dr. “Gritioler had stated 
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that in this respect there was a strong resemblance to the Crus- 
tacea. e 

In regard to the respiratory system, Burmeister had shown 
that there was a resemblance between the soft folds or lamelle, 

developed on the internal surface of the mantle of Balanide; 
and similar features in Lingula; though the existence of these 
folds in Lingula had been questioned, he would presently show 
that Vogt was right in his observations. In regard to the repro- 
ductive system, he called attention to the fact that in one group 
of Cirripeds the ovaries were lodged in the upper surface of the 
peduncle, while in another group the same parts were lodged in 
the mantle. A similar condition existed in the Brachiopods 
where in one group the mantle holds the ovaries, while in another , 
group they are found in the visceral cavity. 

rough Polyzoa also he showed that, in their winter eggs or 
statoblasts, a relation was seen to the ephippia of Daphnie, and 
the winter eggs of Rotifers. 

Of great importance also, and upon which he laid particular 
weight, were the peculiar oviducts with their trumpet-shaped 
openings so unlike the oviducts of mollusks, and as he believed, 
bearing the closest affinity to the oviducts in many of the 
worms, namely: a pair of tubes, and in one case two pairs, hav- 
ing their inner apertures with flaring mouths, suspended in the 
visceral cavity, thus opening a direct.communication between 
the visceral fluids and the surrounding media. He then called ~ 

Association for the Advancement of Science on the early stages 
of the Brachiopods, in which he had shown the intimate connec- 
tions existing between this group and the Polyzoa. Now Leuck- 
art had already seen reasons for placing the Polyzoa with the 
Annelids, and ths would call attention to Crep/na gracilis an 
Phorronis hippocrepia, admitted to be worms or early stages of 
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them, and their close resemblance in mer 2 every point of their 
structure to the hippocrepian Polyzoa. Mr. Morse then stated 
that in the evidence already given, he had drawn his conclu- 
sions from alcoholic specimens of Terebratula and Discina, and 
from the papers of Lacaze-Duthiers, Claparéde, Mecznikow, 
Hancock, Huxley, Vogt, Hyatt, Williams, De Morgan and oth- 
ers. He felt the importance of first examining /ingulain a 
living condition before making these announcements and for 
this reason he had recently visited the coast of North Carolina 
for the express purpose of finding if possible the rare Lingula 
pyramidata of Stimpson, first discovered by Prof. Agassiz in 
South Carolina. After nearly a week’s fruitlesssearch he ha 
found it, had studied it alive, and had brought with him living 
examples, which he has the pleasure of exhibiting before the 
Society. 

He would here express his deep sense of gratitude to Dr. El- 
hott Coues, Surgeon U.S. A. at Fort Macon, N. C., and the Com- 
mandant of the Post, Major Joseph Stewart, U.S. A., for the 
constant aid and sympathy rendered to Dr. A. S. Packard and 
himself during their visit there. He would not enter intoa 
description of Lingula as he had already in preparation a me- 
moir upon the subject, but would call attention simply to the 
additional evidence in support of the views siivansed. 
Li 3 found in a sand shoal at lowwater mark, buried 

just below the surface of the sand. The peduncle was six times 
the length of the shell, and was encased in a sand tube differing 
in no respect from the sand tubes of neighboring annelids. In 
many instances the peduncle was broken in sifting them from 
the sand, yet the wound was quickly repaired, and another sand 
case was formed. . 

1 2. 3. 

Fig. 1. Pedunele perfect, retaining portion of sand tube. 
Fig. 2. Showing valves in motion; peduncle broken and forming new sand-case. 
Fig. 3. Peduncle broken close to the body, and forming new sand-case. 

He observed that Lingula had the power of moving over the 
sand by the sliding motion of the two valves, using at the same 
time the fringes of sete which swung promptly back and forth 
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like a galley of oars, leaving a peculiar track in the sand. In 
the motion of the sete he noticed the impulse commencing 
from behind and a ha a forward. 

ithin the mantle he found a series of rows of prominent 
lamella in which the blood rapidly circulated, thus confirming 
the correctness of Vogt’s observations. These lamelle were 
contractile, however. 
The e peduncle was hollow, and tne pee could be seen cours- 

1. ing back and forth in its channe t was distinctly and rogn: 
larly constricted or ay and pres ccriod a remarkably worm 

e appearance. [ ers of circular atid longitudinal 

at full length. It was contractile also, and would quickly jerk 
the 

itis. pos oui become e const and then a deep ae 
aes 

aaa SSicadtae of Brachiopods a long time previous to his ob- 
servations on Lingula 

He then concluded by stating that the Brachiopods, with the 
Polyzoa, should be removed from the Mollusca, and placed with 
the Articulates among the Annelids. That the Brachiopods 
came near the tubiculous worms, though dia were much more 
highly cephalized. That they exhibit certain crustacean char- 
acters, but were widel iy removed from the Mollusca unless a re- 
lation could be traced through the homologues of the Pojyzoa 
to that aberrant group.the Tunicates, as pointed out by All 
man. He believed the Brachiopods to be a comprehensive 
type, exhibiting general articulate features, and forming an- 
other example ‘of those groups belonging to the last that ex- 
hibit the characters of two or more classes combined. 

It was interesting in this connection to remark that Lingula, 
one of the earliest forms created, had yet remained the same 
through all ages of the earth’s histo tory. 

A New Comet.—WisnkcKE discovered a new Saget — 
at Carlsruhe on the night of the 29-30 of May. The position ob- 
tained by him for May 30, is as follows: M. T. at C. 14° 1384 il 
R. A. 0° 50™ 9-558. Decl. +28° 52! 18”. Vogel found 8 the 8: 
comet at the Leipsic observatory, M. T. at Leipsic 13" 2” 285%, 
R. A. 07 50" 409°. Decl. +28°53' 17°45. We would call the atten- 
tion of American astronomers to the prizes for the discovery ° 
comets offered by the Austrian Asademy. (See this Jour., vol 

). 



Physics and Chemastry. 105 

SCIENTIFIC INTELLIGENCE. 

I. PHYSICS AND CHEMISTRY. 

the emission, absorption and reflexion of varieties or 
heat pistitated at low temperatures. —Maenvs has communicated a 
ncrbings o and valuable paper on the heat radiated at low vette: 
ratures, and on the absorption and reflexion of such rays. The 
shiek ‘of this investigation,—the last we suppose made by the 
— author,—are so far as published, in his own words as fol- 
ow 
(i 1) Different bodies at 150° C. radiate different kinds of heat. 

These kinds of heat are more Paes ath y a substance of the same 
kind, as the radiating body, than by Se and this absorption 
increases with the thickness of the absor 

(2.) There are substances which emit sail one or a few kinds of 
heat, others, bebe emit man 

(3 ) To t of these belongs rocksalt when quite pure. 

monochroma 
(4.) Rocksalt even when quite pir! cats , together with its pe- 

culiar rocksalt-heat, heat which is n ore absorbed by a plate of 
rocksalt 80 in thickness than by ae "20% in thickness. 

(5.) Rocksalt absorbs very powerfully the heat which it radi- 
ates. It therefore does not, as Melloni supposed, allow all kinds of 
heat to pass through it with equal facility. 

6. The great diathermancy of rocksalt does not depend upon 
its less power of absorption for different en of heat, but upon 
the fact that it radiates only one kind of heat, and nonce 
absorbs only this one, and that almost all other substances sen 
out heat containing only a a small fraction or none of the rays which 
rocksalt emits. But all rays which differ from those radiated by 
any substance, are not absorbed by it, but pass through with un- 
iminished pepe B 
From this we may infer that every substance is diathermanous, 

se Samat it ie padiiten but few waves of quite definite length, 

rum. 
luor spar completely absorbs pure rocksalt heat. We 

sian therefore to expect that the heat which it emits will be 
equally absorbed by rocksalt. Nevertheless 70 eu cent of _ 
heat pass through a rocksalt plate 20™™ in thickness. This m 
doubtless be easily ay with reference to the rgpartion Oe 
the quantity of heat which ee emits in comparison with that 
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In concluding this part of his memoir Magnus makes some re- 
marks on transparency which seem to us very suggestive. If 

I ] : rough, so that 
sity of the transmitted light is but little less than that of the 

parts of continuous spectra, all of which appear to depend upon 

only of the application of the theory to the widening of the bands. 
1 ide 

cumstance i connection with the well known influence of the mo- 
tion of a luminous pout upon the refrangibility of the emitted 
rays, makes it possible to explain the widening of the spectral 

snes 
‘ 
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upon the temperature and density of the ignited gas. Setting out 
with these principles, the author arrives at the following law: 

more rapidly than so The author in the next place shows that 

in the case of dark bands in a spectrum, produced by inversion, 
the distribution of the darkness, so to speak, and the breadths of 
the band will follow the same law as that above given for bright 
bands. e mere comparison of the relative breadths .of the 
bands may lead to important conclusions. If in any gas-spectrum 
bands of different breadths lie near together, we might infer the 
presence of a mixture of gases of different densities, or of differ- 
ent allotropic states of the same gas. ‘Thus the author thinks that 

the same molecules, or ditions. 
same gas the breadth of the spectral bands permits a conclusion 
as to the temperature. is is of special interest in the case of 

ases and 
e umbra must have a higher temperature than 

i ich Fraunhofer’s 
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Gay Lussac and Mariotte. This explanation agrees with Wiill- 
ner’s experiments, according to which the “washing out” of the 
bands occurs in the cases of oxygen and nitrogen, under much 
lower pressures than in the case of hydrogen. Pogg. Ann., 
CXXXIXx, p. 465 

3 

onic 
crystals, The new salts, respectively FICI,,6 Cl+4aq. and 
FICI,,6NH,Cl+-4aq., form large colorless transparent crystals, 
whi inati dodeca- hich resemble combinations of the cube, octahedron and ca 
hedron, but which really belong to the square prismatic system. 

ey are not decomposed by water, even o ro- 

tint is the more intense the greater the quantity of acid present. 
Stannous chlorid instantly reduces under these circumstances cu- 
pric chlorid to colorless soluble cuprous chlorid. 
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ri of ig employed will indicate the sum of the copper and 
case the author precipitates the copper in another 

portiaa of the assay Me means of zinc coupled with platinum, and 
then determines the iron by means of rene : hypenon nganate. 
The copper is then easily found by “ise ve author deter- 
mines the litre of his solu ceap of t ig wap means of pure metallic 

On the utilization of — secondary products obtained i im Ps 
manufacture of chloral._— A. W. Hormann has examined a 
mixture of secondary ergaucss obtained during the saprolite of 
chloral, and condensed during cold weather. The liquid began to 
boil at 17°-18°, rising slowly to 30°-31°, where the temperature 
remained constant a short time, and then rising again to 50°, when 
nearly all distilled over. The most volatile portions were mixed 
with three times their volume of alcohol saturated at 0° wit 
monia and heated in a ater bath for an hour. The liquid was 

then filtered separate crystals of sal-ammoniac er the alcohol 
ammonia an orinated ethylic chlorids. distille 
of chlorhydrates of ethyl-ammonias remaining vas decomposed 
with caustic soda, and the m arated liquid alkalies dehydrated by 
caustic soda, and finally di tilled. In this manner 5 litres of the 
secondary products issacoles gave 14 liters of a mixture of an- 

ofmann. The results of this investigation are PC: _— 
the prospect which they afford of obtaining the ethyl-ammonias as 
an article of commerce, at a reasonable price, and in comparative 
oe endus, 1xx, p. 906. G. 

On the nature of the secondary products obtained in the man- 
ufaet ure of chloral.—KRimer has studied the other products of 
the action of chlorine upon alcohol, the existence of a large quan- 
tity of rant soe chlorid having been shown fmann. As the 
ethylic chlorid was in contact with an excess of chlorine, it was 
saan & to expect to find in the less volatile oily products the 
whole series of chlorinated ethylic ere described by anny 
and experiment nenige ve tha ran eral of th e substances were _ 

not a studied. To prove the identity of the chlorethyliden ob- 
tained in this manner with that obtained from aldehyd y the ac- 
is of phosphoric pentachlorid, Kramer heated a portion of it 
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with alcoholic ammonia to 160° for 12 hours. In this 
oily base boiling at 180°-182°, and having the characteristic ade 
of collidine, ©,H,,N, was obtained. This base had a ady been 
formed from alc ‘ehiydeammonia by ae and found A . identi- 
cal with that obtained by A animal oil.— Berichte 
der Deutschen Chemischen Geshe ne 7S eae 3, p. 257- a 

w. 

carbonic acid came from the sahacin: fro h the iron was pre- 
cipitated, and that the carbonic oxyd was formed during ignl- 
tion of the tube containing the iron in the process o Lysis ; 

partia —Bulletin de 0? étersbourg, xiv, p. 337; 

eed 5 in D ——-? * Paltecniaches Soak excvi, p. 44. W. G 

‘elas, 

qe Se Me ad 
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On the preparation of barium chlorate-—Branvavu has pro 
posed the following simple method for the preparation of se 
chlorate: Commercial crystallized aluminum sulphate, sulphuric 
acid, and i chlorite, in the ratio of one molecule of each of 
the two former to two of the la atter, are ac with water to the 

consistence of a thin wee warmed for half an hour on the water- 
bath, allowed to cool completely, and paras with alcohol in excess, 
Upon filtering, and neutralizing with barium hydrate, barium sul- 
phate and some aluminum y drate are precipitated, and barium 
chlorate remains Lanes The alcohol is distilled off, and the 

filtrate on evaporation yields crystals of the pure barium chlorate. 
The only precan an necessary is to have the aluminum sulphate 
and the menpharin acid in slight excess. wa Fo Ch. minis my igs 
Sept. 1869 

properties of Selenitum.—Ratukk has Rl ey in 
the Halle devon the various modifications which selenium, 
like sulphur, is capable of gcc Notwithstanding the differ- 
ence in the behavior of the various forms of each, respectively, 
to solv ents, especially €S,, Rathke places the sh black se- 
lenium with the rhombic variety of sulphur, and the red amor- 
phous ‘deta with the insoluble oe form of sulphur. As 
in eo cease of sulphur, the latter variet selenium is produce 
b ecomposition of selendithionates i See set selenium in 
ediclties sulphites) by acids; by the action of os n selenium 
chlorid; and by _ sudden cooling of fused se lela " So on ela 

sien distinct er ryetals of black selenium are pro roda ced, rect y 
as W y the similar decomposition of alkaline sulphids, large 
aealtie crystals of sulphur separate. ough red selenium is 
more stable than the corresponding form of sulphur, yet, like this, 
it passes into the other variety on raising the temperature to 100° 
C., with a distinct evolution of heat. The specific gravity of selen- 
ium in these forms, is as follows: For the black variety, 4°80 to 

er chlorid saturated with igi ale the aid of heat, de- 
posits on = erystals of sulphur, leaving selenium chlorid, in 
which selenium dis ft 
from which, on standing, the a variety of selenium separate 

ie , but 
obtained by ac ctin sie selenium be id with moist vapor of car- 

could not be paaeed yee rachlorid itself, does not dis- 
solve the black variety of oe eencia dissolves both, 
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but in very small quantity. Of the solvents tried, only those which 
were selenium-compounds dissolved black selenium 

Rathke also examined the compounds which sulphu r forms with 
ange hoping to throw some light upon their mutual iso-dimorph- 

rst melted the substances together in the ratio of one 

pain of nein to two of sulphur, repeatedly extracted the re- 
sulting mass with carbon disulphid, and crystallized out the por- 
tion dissolved in fractions. The c erystals, however, increased pro- 
gressively in sulphur and diminished in selenium. The precipitate 

aie like essen, i proant were peed which sive. on 
3 r 

crystals, then, thoug neans a mixture of the constituents, 
do not rrespond in composition to the formula SeS,, whi 2 
quires 55°42 per cent Se and 44°58 per — The poner: was 

reacts upon sulphur docyd collected aan treated as above. It 
contained considerable black selenium, not taken up by the solvent. 
On Faolebie in & aaa ee three products were obtained, one 

ed 
of minute “dark + er alg rounded pres ; “). ‘of brilliant-red 
prisms ; and he of pie tabular og On ana es a 

as isomorphous mixture 
Carbon diselenid €Se, was prepared but only in small quantity, 

not even sufficient for analysis. It appeared as a thin, brilliant- 
brown liquid, of peculiar and disagreeable odor, recalling at first, 
when dilute, that of carbon dieu phid, but being when concen- 

the blue selenium flame, was not very volatile, te was insoluble 
in all solvents tried. At the same time there was formed ethyl 

(Se 
selenxanthate, a 8 and potassium selenxanthate, bSe a8 

but succeeded in getting only pace Ts chlorid Se (€, 
H,),Cl, in combination with zine chlorid, and also with a 
chlorid.— Ann. Ch. Pharm., clii, 181, Nov. 1869. 

10. On the preparation of nitrogen ——— bane? anhydeit) 
ET and ViGNoNn ore for this purpose a double U tube, in 

each bend of which 140 to 150 grams of fey nine is placed, 
the whole peng heated to a tem pévebure of 60°C, Phosphoryl 
chlorid (POC1,) is allowed to fall str vara into the first leg 
of the tube. The nitryl chlorid vob 

pore a receiver, in which eg Sara 

a produced. ,reacts up- . 
on the silver nitrate in the seco a is attached, ae 

coll 
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This receiver is immersed in a freezing mixture. No disengage- 
ment of oxygen takes place, silver phosphate and chlorid be- 
ing the only secondary products. The reactions are as follows :— 

Pe Saeed, 9) ,+ (PO) C= ag, Lo, + (NO,C)),. 
oS 

NO NO, ee Lot (NO,)Ol= x6? 71 © 4 AgCL 
— Comptes Rendus, \xix, 1142. - 

Lis ee a new method Jor preparing oe acid, —Cuaw 

ating: near othe bottom. a ans of a ak or oil-bath, the pa- 
raffin is kept ata temperature of 180° C, and by a saline bath the 
bromine is maintained at 65°C, As the bromine gradually distils 
over into the parafiin, xe bromhydrie acid gas is evolved, and af- 

to be saturated with it, placed in a vessel surrounded with ice. 
BP, aqueous solution thus obtained saturated at 0° C. has a density 

1:78, and corresponds to the formula HBr, H,0. Each ¢. c. 
Cones ‘46 grms. HBr.— Bull. Soc. Ch., TI, xiii, 197, gaat ee 

G. 
12. On the recovery o Uranium from the Phosphate. ae wile 

a solution of uranium determining volumetrically phosphoric 
acid, residues of uranium nt ace are obtained, from which it is 
desirable to recover the uranium. Two methods for doing this 
have been lately proposed. The first ee HeErntz, obtains the ura- 
nium as nitrate. The phosphate, eee washed, dried and 
weighed, is dissolved in nitric acid. i 
weighed out, and nine-tenths of it added to the nitric solution, 

repeated. All the phosphoric acid is contained in the pre- 
cipitate The filtrate is diluted, treated with sulphydric gas to 
precipitate the last traces of tin, again filtered, cia oe to 
Sat ngapnpaay 

acid by adding sodium acetate, and after considerable dilution, 
peeing to boiling. All the phosphoric acid, together with the 

s of iron, is thus precipitated. Instead of boiling the solu- 
aD a ahiet the addition of the ferric chilorid, it may be treated with 

Am. Jour. Sci.—Szconp Serizs, Vou. L, No. iscdotk. 
8 



114 Scientific Intelligence. 

an excess of sodium carbonate, and filtered. In presence of free 
carbonic acid, the sodium carbonate holds the uranium in solution, 
the phosphoric acid being precipitated with the iron. The filt rate 
from either of these methods is acidulated with chlorhydric acid, 

nm the modi iections i ie trioxyd (sulphuric “any: 
Peer es K has examined the isome ric modi cation 

n ae 
passing them over phosphoric anhydrid. On cooling the liquid 
thus obt ained, the thermometer immersed in it is observed to be- 

the temp 
ture rises to above 50° C.; but this solidification and liquefaction is 

a ate 3 an ae melting, in the or inary sense of these terms, 
t 

sity, found to be 2 14 4 to 2°76; SO, requires 2°76. From the 
above facts, the author concn that sulphur trioxyd exists in 

two states: Ist, « Sulphuric anhydrid solidifying at +16° in long 
colorless prisms. whic the same temperature ; boiling at 
6 d. ulphuric anhydrid, produced from the former, at 

temperatures below 25°, in very fine needles; becoming at temper- 
atures above 50° gradually fluid again, being transformed into #3 

of a, since a. Seo organic ¢ , as, for exam ee 
c anuric Seeing pis meine in ok se opertics, 8 
their molecules See more condensed.— Ber. Berl, Chem Ges ; 
ont March, 1870, G. "3 'B. 

4, Onthe becerevtii of Brcatieka alcohol ae tertiary 
‘dechok=-Ahiaes vars Le Pag ical considerations, MARKOWNIKOFF 
was led to'believe that jsobety alcohol eo bares during 
fermentation) by the loss of water, or its iodid by the loss of 
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1 io 
i at wives ol a iodid. On re this with moist silver o oxyd, 
aia, age (tertiary pseudo-butyl alcohol) was obtaine d 

ts very core: 4 ase properties. The reaction which takes 
hoe is as follow 

, OHI : site cH, 
fae. aaa” | TS; pele a Eis ee 

a F phape eer mS Se 
H,€H, ©€H,€H, HCH: €H,€H, 
cee ; Isobutylene. Isobutylene. patyl iba a. 

jie ioe believes we these facts sustain his general law of 
the formation of unsaturated compounds; a law which for the 
homo soln of ethylene ny thus be formulated en water Wh 
és remov rom an alcohol-molecule, that carbon-atom which 
is directly united with the carbon-atom holding the hydroxyl, 
Surnish the hydrogen. A similar law holds the case of the 
haloid apy ae of. wee mponalonnic alcohols, When combination 

pla unsymmetrically 
of Diane (for example ly propglen €H. 3tHe cH 2) and water (or 
an haloid acid), the which these latter bodies are 
separated, are divided between the two carbon-atoms so that the 
hydroxyl (or the corresponding halogen), is united to the least 
yt aesioo, seer nen in the compound.—Zeitschr. ime 2 Me 
vi, 29, Dec., 

15. On the "Syntheses of Aromatic Acids.—Starting ie ‘the 
bg known facts that a monobasic acid may be viewed as 

drocarbon in which an atom of hydrogen is replaced by carboxyl 
(Soot), and further, that, in general, the basicity of acids 
Went s upon the number of carboxyl groups hihi they contain, 

URTZ proposes to make practical use of them in synthesis. By 
g one or more such replacements 7 a hyd ood, either 

orocar -amalgam, — any desired aromatic 
acid may be produced, Tn this way, for example, Wurtz prepa 
benzoic acid ; 90 grams monobromo-benzol (phenyl bromid € ak 
Br) being heated with 60 grams ethyl chlorocarbonate (COO 
(€, HCl) and 3°5 5 Kile s sodium-amalgam containii taming on 
per cent of sodium. aecn proceeded slowly, requiring 
many days for completion, een at 110°C. Carbonic and carbon 
ous gases were evoly sometimes mixed with a gas which burned 

a green flame, > prohebly my chlorid, When the fluid had 
re 
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contained ethyl benzoate, on being treated with potassium hydrate, 
evaporating to dryness to remove the alcohol, re-solution in water, 
and precipitation with hydrochloric acid, afforded benzoic acid 
abundantly. The reaction, therefore, is as follows: 
©,U,Br+€6 | O°? 4s 4 Na,=NaCl+NaBr+€,H,(€006,H,) 
By using mono-bromo-toluol (€,H, | eae) toluic acid 

? 

(€,H, | oak €,H,] with a trace of another acid perhaps iso- 
meric with it, was obtained. With the isomeric benzyl bromid 
(C,H, (CH,Br)) the reaction yields a more complicated product. 
fn a more recent paper, Wurtz shows that the acid mentioned 

above as obtained simultaneously with the toluic, is iso-toluic acid ; 

whole mass was solid. This residue was extracted with ether, 
the ether distilled off till the temperature rose to 180° uid 

insoluble in cold water, and but little soluble in hot ; alcohol and 
ether dissolve it readily. At 84° it melts and at a higher tempera- 
ture distils. Its vapors are aromatic and irritating. To produce 

: that und influence of the sodium, the 
ee by the loss of hydrochloric acid, becomes chloro-di-benzyl 

atte re : and that this by the si i s0- €,H, en Cl at this by the simultaneous action of the, 
dium and the ethyl chlorocarbonate becomes ethyl di-benzyl-carb- 
oxylate eo . * =f) Zt ivi. 1298: y €,H, CHEOO(€,H,). omptes Rendus, \xviii, ; 
Ixx, 350. 

obtained, yielding when treated with sodium-amalgam, two meta- 
meric acids of the composition €,H,@,, of which one was solid 

undertook a confirmation of this supposition. Having prep 
the volatile acids from four pounds of Croton oil, he finds that no 
volatile acid of the composition €,H,®, exists in this oil, and 
that the solid acid contained in it 18 not angelic acid; and there- 
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fore, that Schlippe’s statements are entirely erroneous. The vola- 
tile fluid acids are essentially acetic, butyric and valeric, mixed 
perhaps with traces of oenanthia acid and higher members of the 

crystallizing in pearly ooae, and amen es composition 
€.H,Ba’8,+5H,8. Ithasa ” remarkably close correspondence 

he met : 

uppa. It is therefore obvious that the name “crotonic” given 
to the acid €,H,98,, is a misnomer, since croton oil contains no 

acid of this composition. Geuther therefore proposes to call the 
chlor- acid of Froelich, mentioned above, which fuses at 59°5° and 

and till now called crotonic acid, the name tetracrylic acid. Its 
aldehyd called crocs se by Kekulé, would ee = 
ti. On the Hh d.—Zeitschr. Chem., Il, vi, 26, Dec. 1869. 

17 ‘ henish ae from beech-wood tar.—Un aa the 
direction of Baeyer and Graebe in Berlin, Marassz has made 
investigation of beech-wood creosote, with ‘results pase more anti 
tory and conclusive than had been previously obtain e ma- 
terial on which he worked came from the manufacto sor Dietze & 

Company in Mayence; it was colorless, a little thick, heavier than 

obtamed, which boiled between 183° and 184°, solidified on Bob 
ing, and ‘had the properties of phenol, which an "nal ysis proved it 
ne be. On distilling the ecoond: and largest f fraction with zinc-dust 

p and fractio the disti two products were 
obtained: the one, boiling between 110° sat ‘112° , proved on anal- 
ysis to be toluol,©,H,, or, €,H, | 7s Since the zinc-dust acts 
by reducing hydroxyl to hydrogen, the body yielding this toluol 
must have been €,H, | a or cresol. The other portion boiling 
at 150° to 155° afforded the properties and composition of anisol. 
As this anisol €,H, wa €H, does not exist in the creosote as such, 
it must have been produced by a similar action of the zinc-dust, 

H from the body €,H, OCH, which is guaiacol, the acid methyl 
- 
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. ether of pyrocatechin ©€,H, ae That the fraction boiling be- 

agra 200° and 203° was thus ee ee Marasse further proved 
fusing it with potassium hydrate. Two liquids were thus 

phiai ined which on examination proved to be cresol itself 

es & | outs and pyro-catechin €,H rs oS the latter produced 

b the saponification of its ether, guaiacol, in the experiment. 
The same-result was reached by acting upon this fraction with 
hydriodic acid ; cresol and pyro-catechin “bei eing produced as before, 
And finally, b y acting upon this fraction with methyl iodid and 
potassium hydrate in sealed tubes, the methyl ethers of both cresol 

ee ©. | ool .) and guaiacol (©, H rs Bell) wer 

obtat The last fraction, boiling between 217° and 220°, af- 
fo bdod, pe ecidabn with hydriodie acid and fractioning, phlorol, 

€H, 
© ,,0 & C,H, €H. and homo-pyro-catechin €,H, 6H, 

6 
which last substance was derived from creosol, its acid methyl 

ether €,H, Oeil 3 precisely as pyro-catechin was in the previous 
0H 

fraction, from guaiacol Marasse ann concludes that Rhenish 
beech-wood creosote is a mixture of ¢ mpounds belonging to two 
parallel series, me ie prenols and the acid methyl ethers of pyro-cate- 
chin and i ologues. And since the frst members of the 
series ib not etaias 1 in boiling point, the first member of the 
guaiacol series agreeing with the second member of the phenol 
series, it is obvious that that portion of creosote which boils at the 
lowest temperature will consist of the first member of the phenol 
series, i. e., phenol it 

Boiling 
point. Series, point. 

Phenol, € H,(@H) ROS ei a ua oe 
Cresol, €,H, ce 203° |Guaiacol, €,H «| OeH, 200° C. 

€H €H 
Phlorol, €,H, } on. 220° |Creosol, €,H .} 9¢ OOH, 219° 

OH 
All the different ane Ms Rgiores tae creosote appear to be identi- 
cal in composition se specimens having the highest boiling 
point, which contain che higher resin of these SS — ee 
Ann. Ch. Pharm., clii, 59, Oct., 

16. On Ocean Currents, in a to the Distribution ‘of Heat 
over the Globe, by JAMES Crott of the Geological Survey of Scot- 
lan ae (Phil. Mag. Feb. 1870.)—L The absolute Heating-power of 
sang * From an examination of the published sec- 

tions [of the Gulf Stream] some years ago,* I came to to the conclu- 
* Philosophical Magazine for February, 1867, p. 127. 
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sion that the total quantity of water conveyed by the stream is prob- 
ably equal to that of a stream 50 miles broad and 1000 feet deep,* 

size and velocit ty a the stream, 5,575,680,000,000 cubic feet of 
water are conveyed from the Gulf per hour, or 133,816,320,000,000 
cubic feet daily. Consequently the total quantity of heat trans- 
ferred from the equatorial regions per day by the stream amounts 
to 154,959,300,000,000,000,000 foot-poun nds. 

From observations made by Sir John Herschel and by M. Pouil- 
let on the direct heat of the sun, it oe found that, were no hea 

un 

24 per cent. Taking the ° forma estim inte, re 74 aeons rom 
second will therefore be the quantity of heat falling on a square 
foot of the earth’s surface when the sun is in the zenith, d 
were the sun to remain stationary in the zenith for twelve hours, 
‘2 fvtas = foot-pounds would fall upon the surface. 

It can be shown that the total amount of heat received upon a 
unit mii biee on ie equator during the twelve hours from sunrise 
till sunset at the time of the equinoxes is to the total amount which 
would be received upon that surface, were the sun to — in 
the zenith during those twelve hours, as the diameter of a circle to 
half its circumference, or as 1 t o 15708, It follows, therefore, 

square mile 49,636,750,000,000, foot-poun . But this 
amounts to on x part of the quantity of heat daily con- 
vey the tropics by the G m. In other words, the 

am conveys uch heat as is receiv ulf-s 
Magica square miles at the equator. The amount thus conveyed 
s equal to all the heat which falls upon the globe within 63 miles 
on each side of the equator. According to calcul ra made by 
Mr. Meech,{ the annual quantity of heat received by a unit surface 
on the frigid zone, taking the mean of the whole poe is 545 of 

* The Gulf-stream at the narrowest place —* by the Coast Survey, and 
the place where its velocity was greatest, was found to be over 30 statute Boo 

an warm 
water which is received by the Atlantic from the e equa ator; a great mass of water 
flows into the Atlantic without passing “tins the Straits of Flo 

+ of Ro of Edinb., vol. xxi, Trans. y. Soc. xxi, p. 57. Phil. 8. 4, vol. i 36. 
¢ Smi ret Contributions to ‘Kuarieden vol, ix. abies eles 
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that received at the equator; consequently the quantity of heat 
conveyed by the Gulfstream in one year is equal to the heat which 
alls on an average on 6,873,800 square miles of the arctic regions. 
The frigid zone or arctic regions contain 8,130,000 square miles. 

regions than it is at the equator, which is not the case. If we 
make due allowance for the extra amount absorbed in polar regions 
in consequence of the obliqueness of the sun’s rays, the total quan- 
tity of heat conveyed by the Gulfstream will probably nearly 
equal the amount received from the sun by the entire arctic 
regions. 

we compare the quantity of heat conveyed by the Gulfstream 
with that conveyed by means of aérial currents, the result is equally 
startling. The density of air to that of water is as 1 to 770, and 

same amou 
would raise 770 cubic feet of air 4°-2, or 3234 cubic feet 1°. The 
quantity of heat conveyed by the Gulf-stream is therefore equal 

i imes 

miles an hour, the current would require to be above 1200 feet 
deep. A greater quantity of heat is probably conveyed by the 
Gulfstream alone from the tropical to the temperate and arctic 
regions than by all the aérial currents which flow from the equator. 

* * : 

no heat from the tropical regions. After trave 

heat from the Gulfstream, or if it is preferred, from the warm 

two ways, viz: by direct radiation from the water, and by contact 
with the water. Now, if the G i 
deep current during its entire course similar to what it is at the 
Straits of Florida, it could have little or no opportunity of com- 
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municating its heat to the air either by — or by contac 
If the stream was only about 40 or 50 miles in breadth, the aerial 
particles in their passage across it woul <n be in contact with 
warm water more than an hour or two. deg the number of the 
particles in contact with the water, owing to the narrowness of 

he 

stream and increase its area, the e we increase its radiating 
surface; and the greater the seca surface, the greater is the 
quantity of heat thrown o ut this is not all; the number of 
aérial particles ba by radiation increases in proportion to the 

which the waters o the Guile stream are spread, the more effectual © 
will the stream be as a heating-agent. And, ie ge . order that 
a very wide area of the Atlantic may be covered with the warm 
waters of the stream, slowness of motion is essenti sk ¥m 

The are of heat conveyed by the Gulfstream, as we have 
seen, is equal to all the heat received from the sun by 3,121,870 
square miles at the equator. Mr. Findlay, however, as has been 

stated, thinks that I have doubled the actual volume of the stream. 

received from the sun by 2,062,960 square miles of the temperate 
regions. The total area of ‘the Atlantic from the latitude of the 

8,500,000 square miles. In this case the quantity of heat carried 
by the Gulfstream into the Atlantic through the Straits of Florida, 
to that received by this entire area from the sun, is as 1 to 4°12 
or in map Soleo umbers as 1 e oh ‘It therefore follows that one-fifth 
of all the heat possessed by the waters of the Atlantic over that 
area, even in rr fi absorb every ray that falls u = 
them, is ee Gulf'stre ream. Would th ‘ 
question the ane? 8 the Gulfstream be willing to admit that 
a decrease of one-fourth in the total amount of heat received from 

of the tropical zone up to the arctic region, would not sensibly 
affect the climate of } forthe Europe? If the ey would not w 
ingly admit this, why, then, contend that the Gulfstream does not 
aft climate? for the stoppage of the Gulfstream, taking it at 

indlay’s estimate, would deprive the Atlantic of 77,479,650, 
006, 000,000,000 foot-pounds of energy in the form of heat per ‘day, 
a a quantity equal to one-fourth of all the heat received from the 

* See Smithsonian Contributions to Knowledge, vol. ix. 

¥ 
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1 
earth would sink to nearly that of stellar space, which, according 
to the investigations of Sir John Herschel* and of M. Pouillet,+ is 
not above —239° F. Were the earth possessed of no atmosphere, 
the temperature of its surface would sink to exactly that of space, 

heat 

would therefore stand a little higher than that of space ; or, in 
r words, it would stand a little higher than it would otherwise 

that of space: the stoppage of the Gulfstream would therefore de- prive the Atlantic of an amount of heat which would be sufficient to maintain its temperature 59° above what it would otherwise be, did it depend alone upon the heat received directly from the It does not, of course, follow that the Gulfstream actually 

the stream is neutralized to a very considerable extent by cold currents trom the arctic regions. “But 59° of rise represent its actual power; consequently 59°, minus the lowering effect of the cold currents, represent the actual rise. What the rise may : at th amount to at any particular place must be determined by other ee ote 
* ‘Meteorology,’ Section 36. 

_ é oe Rendus, July 9, 1838. Taylor’s Scientific Memoirs, vol. ix, p. 44, 
_¢ The mean temperature of the Atlantic between the tropics and the arctic circle, according to Admiral FitzRoy’s chart, is about 60°, But he assigns far too a“ & temperature for latitudes above 50°. ' It is probable that is not far from 
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At present there is a difference merely of 80° between the mean 
temperature of the equator and the poles;* but were each part of 
the globe’s surface to depend alone upon the direct heat which it 
receives from the sun, there ought, according to theory, to bea 
difference of more than 200°. The annual quantity of heat received » 
at the equator to that received at the poles, —o the bt os 
tionate quantity absorbed by the atmosphere 
both cases, is as 12 = 4°98, or, say, as 12 to s Consequently if 
the temperatures of the equator and the poles be taken as propor- 
tionate to the absolute amount of heat received from the sun, then 
the temperature of the equator above that of = mes must be to 
that of the poles above that of space as 12 to 5. What ought 
therefore, to be the temperatures of the equator and the poles, did 
each place depend wert upon the heat which it receives directly 
from the sun? Were all ocean and aérial currents bias 7 9. so that 
there could be no iincne of heat from one part of the earth’s 

mate on this point. If we diminish the vai of warm water 
conveyed from the ip mages — to the temperate and arctic 
regions, the temperature of the equator will b to rise and the 
temperature of the poles to pen It is probable, however, that 
this process would affect the temperature of the poles more than 
it would do that of the equator; for as the warm water flows from 
we ee to pou poles, the wm over which it is Bpress. Wee becomes 
ess 
temperature of the tem ‘is ane as well as the oe the dif- 

7 
a equator bein - rise and the “inperan ture of the poles es to st 

u t rays of the sun, the mean annual temperature of 
the equator above that ~ _ — ms that of the poles, 
above that of space, as 1 portion is reache 

for 374 is to 156 as 12 in to 5. eb a et di ture of space we kava 
seen to be —239°, permis the temperature of the equator 

Fahren- will in this case be 135°, reckoned from the zero of the 
heit thermometer, a 7 the poles 83° below zero e t 
would therefore be 55° er than at present, and the poles 83° 
colder. e difference between the a of the equator 
a ii ag will in this case amount to 2 

of the equator, acco: ‘Se: 
of the wos pole 023. Bu But as dare | is of sco sanerttle ni Prati 4 on poe 

mean temperature of the poles, we may take the difference - senetiper p . y nce in rena 4 Hise 
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Now, if we take into account the quantity of positive energy in 
the form of heat carried by warm currents from the equator to 
the temperate and polar regions, and also the quantity of negative 
energy (cold) carried by cold currents from the polar regions to 
the equator, we shall find that they are sufficient to reduce the dif. ference of temperature between the poles and the equator from 
218° to 80°, 

e then increase the difference e normal temperature of the latitude of London being e stoppage of all ocean and aérial currents would thus reduce it 10°. Bu ulf- 

above all the lowering effects resulting from arctic currents.’ On Some parts of the American shores on the latitude of London, the temperature is 10° below the normal. The stoppage of all ocean and aérial currents would therefore lower the temperature there 0 oy Ss f 
at : author next shows that the climate of the arctic must be affecte 

these foregoing considerations show to what an extent the climatic condition of our globe is due to the thermal influences of ocean- 
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As regards the northern hemisphere, we have two immense 
oceans, the Pacific and the Atlantic, extending from the equator 
to near the north pole, or perhaps to the pole altogether. Between 
these two oceans lie two great continents, the eastern and the high 
ern. Owing to the earth's spherical form. by far too much hea 
received at the equator and by far too little at high latitudes te 
make the earth a suitable habitation for sentient beings. Th 
function of these two great oceans is to remove the heat from the 
equator and carry it to oe and polar regions. Aérial cur- 
rents could not do this. The a might remove the heat from the 

into nae space: the ocean can sgt convey the heat to distant 
shores. But aérial currents have a most important function; for 
of wha avail would it be, though ae oi should carry heat 
to high latitudes, if there were no mean s of spreading the heat 

the Atlantic from temperate and polar regions and place them at 
the equator, and nothing now existing on the globe could live in 
pee th 

hes o great oceans placed beside each other on one 
side of the elobe: and the two great continents placed beside each 

be suitable for the present order of things: the land on the central 
and on the eastern Po of the united continent would be by far 
too cold. 

Il. GEOLOGY. ° 

extracts from a work of the pete title by Dr. Maydeu. which is 
soon to be published by Julius Bien of New York.* The volume 
will contain at Oe photographic views along the line of the Pacific 
railroad from ‘a to Sacramento, and besides a description of 

been chronicled in 1 this Journal. We understand that the views 
selected for Aamo roy are generally those mes illustrate the geo- 
graphical and geological features of the region, and are interesting 
to the student of bra as well as to the artist and the lovers of 
the picturesque in 
Commun nieaiods on the Fossil Plants, Mammals, Fishes, Insects, 

&c., have been contributed by Messrs, Newberry, Leidy, Cope, and 
* The work will be issued to subscribers only, at 

should be addressed to Julius Bien, Hithonvauher, at 18 Park at Soe re 
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Scudder, and our extracts are from these papers, and from some of 
the notes of Dr. Hayden, furnished us by him. 
Photograph No. 9, illustrates a peculiar feature of the surface 

near the junction of Hilter Creek with Green river. The forma- 

8 appearance of the surface carries with it, also, the aspect of desolation. There is little vegetation but the wild sage, Chenopo- diaceous shrubs, and other plants which love the alkaline soils. Lit- tle depressions occur here and there in which the surface waters accumulate in wet weather; but in the dry season the water evap- 

Photograph No. 10, illustrates a cut along the railroad through 
imestone. Some of 

part of silica, lime, and some clay, excellent material for the pre- servation of organic remains. Besides, all the rocks are more or 

One of these excavations along the railroad bears the name of the © “Petrified Fish Cut,” on account of the thousands of beautiful and : f : 

little herring are found on an area a square foot. 
water plants, and a remarkable specimen of a Seather of a bird has 
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been found here. The feather Prof. Marsh regards as a bees 
specimen, forming a most interesting addition to the bird re 
of North oop It is the distal portion of a large feather, mes 
the shaft and vane in such excellent preservation that it may per- 
haps indicate ee xigsiedialy the nature of the bird to which it 
belonged. 
My collection of fossil fishes from these shales was very large, 

and my success was mostly due to the kind aid o W. 4H 
ane a cine ame of paar who superintended the excava- 
tions on the line of the oad, and preserved from time to time 
such specimens of vale a8 came to his observation. 

Prof. E. D. Cops, a distinguished comparative anatomist of 
Philadelphia, has ray Pa may the following account of the pet- 
refied fish remains which were submitted to him for examination, 
especially for this work. Prof. Cope says: 

“The fishes cep in my hands for deferiaiantion by you, consist 
of four species, viz: one Aca ween ia ct Asineops squamifrons 
Cope, and three eicoaseeecnck: lupea humilis Leidy, Clupea 
pusilla Cope, meant levatus Cope. Those named by the 

pom ansat language the last mentioned fish is a ae kes in no 
oars. similar a: ~~ white and yellow brought to our markets. 
The nearest res ance in general structure is to be found in the 
black tae of the Obie and ‘Tennessee rivers, but a closer similarity 
in form exists in the Red Eye or Goggled Eyed perch of western 
as southern rivers, Ambloplites of Naturalists. Zoologically it 
is not very nearly related to — for it —— with some of 
their characters, others now exis onl marine fishes of 

T 
as Oey 

other families. It is an aberrant fan of the family of Cheetodons, - 

water; its nares che racter constitutes a pecularity much more 
prevalent among fresh water than marine Mahe, while its zoolo- 
ical affinities, so far as known, are altogether with marine forms. 
size this fish exceed the red eye, and was less than the black 

bass, averaging about as the yellow pere 
“The Clupeas are herring of small species, socsmrinetd less than 

the herring of our coasts. One of the blocks contains the remains 
of two small shoals of the fry, probably of Clupea humilis which 
were caught suddenly by a slide or fall of calcareous mud, and 
entombed for the observation of future students. They must have 
ate taken unawares, since they lie with their heads all in one 
direction as they swam in close bodies. One or two may have had 
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a moment’s warning of the catastrophe, as they have turned a little 
aside, but they are the exceptions. The fry are from one-half to 
three ~gwhela of an inch long and upwards. 

“The herring, or those without eM are chiefly marine, but they 
run into feat water to deposit ome spawn in the spring of the 
year, and then return to salt waters. The young run Racha to the 
sea in autumn and remain there till old enough to The 
size of the fry of the Rocky Mountain herring indicates that they 
had not long left their spawning ground, while the abundance of 
adu wos ee that they were not far from salt i; their native 
elem To believe then that the locality from which the specimens 
were ane was neither far from fresh nor far from salt ep Re is 

conde ns are prefer still and muddy ge ese <i often 
i ly salt. This h 8 

The genus Clupea Roa from the © Upper ioe u aed bei ing 
abundant in the slates of Lebanon and Monte Bolca, while 

e 

and ay: genus 
6 | Lhe position of these fishes, 7,000 ~ = the level of the sea, 

furnishes another illustration of the extent of the elevations of 
regions once connected with the ocean, yor the comparatively late 
period of geological time at which, in this case, this elevation 
took place.” 

The fossil Insects were examined by Mr. Sauven H. ScuppER, 
of Boston, and he has kindly prepared the following short but very 
ee note. The insects were found in the same locality with 

e 

ermined. 
The larger fly, of which we can distinguish almost the whole of 

the body, though but little of the wings, evidently belonged to 
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uscide, of whic mmon house fly is an example; it may 
probably" be referred 6 a ean in which they are nearly or Bre 
wanting, and where the larve ordinarily feed upon dea imal 
matter or upon cad led, plants. Belonging to the same aitap 
and sgn. <hahoa soe # or 
in sal t 
eee podiianay: they at rat discovered in the saline waters 

e Nevadan ‘takes, po Professor Denton states that dipterous 
laren erabanly of a similar kind, are found in great numbers in 
lakes impregnated with acam nad Pree is probable that the shales, 
in which these remains occur, were deposited in such a lake.’ 

About a mile west of the “ Petrified Fish Bed,” is a cut along 
the railroad which passes through a moderate thickness of buff, 

These rocks hold a position about one hundred feet above the petro- 
leum shales which contain the fish remains, and therefore the date : 
their existence may be regarded as somewhat — eet ate thoug 
belonging to the same basin. Prof. J.S. New iven these 
plants a partial examination, and communicated De a eae 
teresting notes in the form of a let 

ocks enc’ all’s mine are 
more significant, as fre i include a Platanus pthentiei which 
is certainly differe: video), ¢ 
you at Carbon Station, me at he Seceich of the Yellow Stone. 
Every collection of fossil — received from the — of the 
west brings to light many new species, and the great versity 
which they exhibit proves yolk a number of plant-bearing hori- 
zons, OF pet arora ti of the + sigh in the one's flora. 
Amon ng your Green River plants, are only some half dozen 

species, So well preserv iad as to be capable of romp oer: identifi- 
Am, Jour. Sc1.—SEconp Serizs, Vou. L, No. 148.—Juty, 18 

9 
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cation me com raps but they form a very interesting group. 
Among th o palms, goa quite unlike anything before 
found on this nosh One ij new Phenicites, resembling 
Heer’s Manicaria formosa. The po but an imperfect fragment, 

wait 

cus ordi There is another — in the collection, 
a laurel (probably), fragments of two ferns mperfect for de- 
termination. n these planta paeehie most those 
described by spelen Bi ioe Mississippi, and I am inclined to 

want more material before venturing anything more than a sug- 
gestion to that effect. I trust you will be able to — other col- 
lections from Aaa plant-beds during the — sea 

Green ever s are generally not well ss served, and yet I 
] search at an locality where these plants sent me 

were obtained would result in the discovery of some fine t 
its. 

e aspect of the small group of plants now before me from 
Green River, is more tropical than any you have brought from the 
west, and, as we have reason to believe that our Eocene climate 
was warmer than the Miocene, and that from the Eocene epoch 
to the Glacial period a ab rogressive depression of temperature took 
“ “aioes Green River eds would seem to be of early rather than 

te ne.’ 

ship of Euskinciars on the grec which i is 600 feet or more  thiek, 
with some three intercalated bands of gneiss, is in some parts one- 
fourth graphite, and the whole is not less than 20 or 30 per cent 
graphite. In the adjoining township of Lochaber, a band of lime- 

stone whol re according to “pao an baste gate thickness set 
3500 feet. In view of the facts Dr. Daws adds “i scarcely 
an exaggeration to maintain that the anankiey of sale in the 
Laurentian an is equal to that in similar areas of the Carboniferous 

On oe ge of occurrence and origin the author uae 
“The beds o: hite near St. John, some of those in t the gneiss 

at deren in She 
and elsewhere in Canada are so pure and regular that one might 
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fairly compare them with the graphitic coal of Rhode Island. 
These instances, however, are exceptional, and the greater part of 

d occurrence to the potenti fr matter in bituminous shales 
and limestones. We may compare the disseminated g ip es fs 
that which we find i in those hao of Canada in which Siluri 

eti of 
graphi ite m may have been formed by the segregation. 0 of bituminous 
matter into fissures and planes of least resistance, in the manner 
in which such Noman Lite in modern bituminous limestones and 
shales. Such bitu 8 occur in the Lower Carboniferous 
limestone and cele od of. Daschawer sae Hillsborough, New Bruns- 
wich, with an arrangement very similar to that of the veins of 
graphite; and in the Quebec rocks of Point Levi, veins attaining 
to a thickness of more — a foot are filled with a coaly matter 
having a transverse column Tame and a ed by Logan 
and Hunt as an sient hie These paleozoic analogies 

ero) 

changed into graphite. This woul ve a gape that 
the vegetation — was pasty = at ho gre ast that it was accu- 
mulated under wa 

“Dr. Hunt has, seo ay observed an indication of terrestrial 
vegetation, or at least subaérial oon in the great beds of Lau- 

wanes” 
He concludes as follows: 

e may sum Pay — facts and considerations in the followi 
statements —First, tha: somewhat obscure traces of organic struc. 
ture can be detected fs the Laurentian graphite; secondly, that 
the general e of the substance 
corresponds with that of the carbonaceous and bituminous mat- 
ters in marine formations of more modern date; thirdly, that if 
the Laurentian graphite has been derived from vegetable matter, 

* Granby, Melbourne, Owl’s Head, &c., ‘ Geology of Canada,’ 1863, p. 599. 
- } Geology of Canada, 1863. ue 
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at, ee 
with orga nie lime stone, beds of iron ore, and metallic aught 
greatly strengthens the probability of its pomeeable origin; y, 
that when we consider the immense thickness and extent of the 
Eozoonal and aires nla en iron-ore deposits of the 
Laurentian, if we admit the organic origin of the limestone and 

phite, we Bee be prepared to palieve that the life of that early 
period, though it may have existed under low forms, was most 
copiously developed, and that it equalled, perhaps surpassed, in its 
results, in the way of geological accumulation, that of any subse- 
ue nt pe 
“Tn conclusion, this subject opens up several interesting fields of 

chemical, physio olo ogical and geological inquiry. One of these re- 
lates to the conclusions state y Dr. Hunt as to the probable ex- 

; 8 
forms of animal life than Hozoon and Annelids, which I have sta- 
ted in my paper of 1864, after extensive microscopic study of the 
Fecwush limestones, to be indicated by the occurrence of cal- 

b 
ent of unknown nature. other is the effort to bridge over, by 
further discoveries similar to that of the Kozoon bavaricum of 

Prelaurentian. e _ here — the opportunity of stating that 
in - oposing the e Hozoon for the first fossil of the — ntian, 

bitogical investiga 
On Derwent Roel in Nova Scotia; 

PRS. 
paper by Prof. H. Y. Hind on the Geology 

wiich it is said that Dr. Hone 
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rentian age, as he informed me subsequently to the publication of 
my preliminar y report on the Nova Scotia Laurentian. Specimens 

ontreal for ee and instructions were given 
by Dr. Hunt, who also s oneyman’s opinion, to the lap- 
idary, to i aa sections as at serpentinous rock for microscopic 
examination, By some mischance this was neglected, and the 

was distinctly seen, and Dr, Dawson has confirmed the observa- 
tions.” Prof. Hind further says that the discovery of this fossil 
“enables geologists to recognize the truth of Dr. Honeyman’s opin- 

; these opinions were not made known 
7 > 

refers to “the just on tardy recognition of the correctness of 
oneyman’s views with reference to the age of the limestones 

and diorites of Arisa aig.” Pages 354, 355. 
ind has been deceived in this whole matter, and as he 

orpetailine Ht limestones, sometimes mixed with a pale rpen- 
tine. ese were at once noticed by Mr. Murray of the cea 
cal Survey of Newfoundland, who was present, and mysel 
having a close lithological rosamblanios to the Laurentian ron: 
and we mentioned the fact to Dr. Honeyman; while I at once sug- 
es to the lapidary of the Survey, who was in the room, that 
they were so like the Eozoon-limestones of the Ottawa that 
it would be well to a it ei for diseninntion: Meanwhile 
Dr. Honeyman never made self, Sir William Logan, or Dr. 
Dawson, any suggestions as to ‘she. geolo ical age or relations of 
the rocks in question, and in his official report, handed to Sir 
Villiam some days later, not only neglects to mention the n 

Iusi 
liorites, limestones and ines in question. Farther, in sum- 
ring ort, he concludes that the district 

him includes all th ween the coal-measures and the gold- t 
bearing slates, ees by implication, excluding a it 
the geological se es Je: i ae ae 

I see no renal 6 believe that the name of Laurentian, first 
applied by me to these rocks from Arisaig, in Dr. Honeyman’s 
resence, conveyed to his mind, at the time, notion of ae 

cal age, positi rasa or genie, or ae he attached 

the meaning of the term, and to the published he de of Lau- 
rentian rocks. Were it otherwise, his total silence on the subject 
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from the autumn of 1868 to some time last winter, is simply incom- 
prehensible. 

To Prof, Hind belongs the credit of having declared that the 
old granitoid rocks of the region are clearly stratified gneisses, 

d at the base of the series in that region; as they are well 
cide to be on the north side of the Bay of Fundy, where = 
have been described as Laurentian, and examined by Dr. Daw 
son, hemes and Bailey. I had, "however, sought in vain for 
Eozoon in t serpen ntine-limestones of New Br unswick, but 
the receipt r ‘Prof Hind’s Si eliminary notice, recalled the Avieahe 
specimens, and recognized in them a form of Eozoon, which, how- 
ever, according to Dr. Dasestie: is specifically distinct from Hozoon 
Canadense. 

Montreal, June B: 1870. 

ity College.—The author of these works, the assistant of Prof. 
Sedgwick at Cambridge, states in his pr eface that they are por- 
tions of the Catalogue of the Woodwardian Muse This Mu- 
seum, through the labors mainly of Prof. Sedgwick, is rich in re- 
mains of Reptilians from the lower Cretaceous, and is unsurpassed 

large numbers of bones of Ornithosaurs are se In the first 

had before been done in connection with the subject of Pterosaurs, 
ils wi 

the whole vertebral co Sea, the bones of the fore limb, the scapu ula 
and coracoid, the femur and tibia, etc.) are situated as in birds, 
and indicate a similar system of air-circulation from the lungs, 

in 
brain, this organ having a very large ce rebrum, and, as seen from 
above, avery small cerebellum abutting against it and pressing to 
either side the optic lobes (instead of having, as in ordinary Rep 

e cerebellum behind separated from the cerebrum by the part 
called the optic lobes). Hence he concludes that the Ornithosaurs 
were hot-blooded, and makes of them a class of Vertebrates dis- 
tinct from both Reptiles and Birds. The subject is illustrated 
N twelve plates, 
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First Annual Report of the Geological Survey of Indiana, 
aes during nie year 1869 ; sie g en a Geologist, assisted 
by Prof. Frank H. Brapury, Dr. AMMOND, an : & 

0 
cial Reports by Prof. eer on Vermillion Co.,and Dr. Hammond 
on Kran o. Prof. Cox has begun a good work with reference 
to the coal formation, te oe already proved that the number of 
coal beds, and the subdivisions of the formation, as laid down by 
Owen and others in Indiana and Kentucky, are wholly erroneous. 

He says that in this e “ boulder ps ” has a depth near 
Perrysville of about 100 foot re a reaching the underlying quick- 
sand; an t me places it is 125 feet thick. It contains 

three maps, and a large eee! his sections. 
6. Meek on Crinoids.—The views of Mr. as on the anatomy of 

of the Paleozoic Crinoida, relent ted} in a paper reprinted from the 

The iftad -— subsided Rocks of a with their — 
hore on hiss ocean Big ets olay and land cu and t 
tribution of Races ; by Gzo. pase 228 an gicviley london 
1870. (Hees & Co. )—The writer of this work, well known for 

binaize, upheavals, metamorphis making of mountain chains, 
sinking of mountains, and of the inant races of America. He 
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presents his geological views and criticisms with great eer: 
which is consistent with the fact of his limited ‘knowledge of t 
subject. 

8. Geological Survey of Towa.—The State of Towa has ordered 
the printing of three ——— copies of the Report of the oe 
= sen State by Prof. White. The work will consist of two royal 

volumes, in the aie of Hall’s Geology of Iowa and of the 
Tllino’s Ganingieal Report, and will be well illustrated. We regret 
to have to add that the Toataleans has discontinued the Survey. 

III. ZOOLOGY. 

1. Die bis jetat bekannten Schildkroten, u. d. bei Ketheim u. 
Hannover neu aufgefunden altesten Arten derse elben ; von Dr. 

. A. Maa 
Me er’s Paleontographica).—This useful work, a 4to of 146 pp., 
is contributed by Dr. Maack, gee arrival in the United States 
ee i useu 

the student of the subject The stratigraphical table given, adds 
to its value. From it we perceive that the Tertiaries embrace the 

C us of 
successively fewer. e upper Jurassic of Switzerland, Bavaria 
and Hanover have furnished the oldest known Testidinata, unless 
the Chelytherium of the Wirtembergian Trias belong to the order, 
a point still doubtful. The number of Jurassic a ae was 
15, to which Dr, Maack adds 3, based on remains tly from 
Han : pee from a stratum of prior ee to those of ‘Switzerland 
and Ba 

isla one of the 1 ain divisions be at order , the Pleurodira, 
is included among the ydide, s it embraces a series 
of families distinguished by hatiral. pa , aispila to those defin- 
ing the remaining families from each other.* consequence - 

ferred to it. This is done because the sersent pair of 
thoracic bones which characterizes it is Seas in a radimental 

* See Proc, Acad. Nat. Sci.. 1868, p. 282. | 
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condition in Platemys Bowerbankii, mg rem Phan of 
Owen presents the intermarginal scuta of Plewrosternum, an 
because of the general resemblance in speci anaee between 
the latter and the Pl. concinnuwm. To us, however, the genus 
Pleurosternum appears to be Cryptodire oe ’Pleurodire, as it lacks 
the integular scutum of the latter suborder, and to represent a 
peculiar family of that group pogrinaieaae” by the eae of 
ten instead of eight sternal bones. Platemys Bullockii, P. Bow 
bankii and Emys levis Ow. and Bell appear on the other ric 
to be useotes, and to be si to pee families of that sub- 
order. e Pl. Bullockii, on account of its five pairs of sternal 
bones, to the Sternotherid, and on acco nt of its intermarginal 
seuta, to anew genus s which I have called Digerrhum. The last 
wo, in their rudimental fifth pair of sternals resemble many 
Homedics, and cannot be distinguished from = genus Podoc- 
nemis now living in the Amazon. e tL. catus Laity is 

near to Podocnemis also, but represents a aetiet¢ genus, character- 
istic of the ——* which I call Taphrosphys ; there are six 
species in North America. After these deductions the only Pla- 
temydes that nina are P. Mantellit and P. Dixonii of Owen. 

mo man 
those of ey latter, while th ose of the limbs, the — fee in 
this case, are those of the former. Two of the North American 
genera add one or two costal bones, a character of i aa a pa and 
one not hitherto met with in the order ; these may be regarded as 
the type of a peculiar family with the name of the Propleuride, 
including the genera Osteopygis and Propleura. The family with 
eight costals includes Chelonides Maack, which seems to be near 
Chelonemys Jourd., as he has placed it, —with Platychelys, Hydro- 
pelta, Idiocheiys and ane other European forms which, with Cata- 
pleura and m North America, are nearer 
and I cannot at present find characters which distinguish them as 
a famil existin In Stylemys Maack, the second 
new introduced into the present work, the sternum is wit 

ygis. Un 
as an Himydoid, as placed by Dr. Maack. Two species are de- 
scribed, S. Lindenensis and 8. Hannoveranus. The use of the name 
Stylemys i is a faue pas, since it must probably be used for a genus 
of Emydide described by Leidy from age Miocene and Pliocene of 
Nebraska and Dakota. True, it was originally established on 
untenable characters, and reunited ts en proposer with Zestudo, 
But I have been able to point out (Trans. Amer. Phil. Soc., ee 
123) that the pan so originally named are really Emydi 
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having Testudinine characters, and requiring a distinct — 
name, for which Stylemys should perhaps be adopted, Dr. Maa 
will -etabieagia be necessitated to find another for that which he Ev 
se 

This and other rectifications relating to North American tpn 
not having been published prior to “Dr. Maack’ ork, he 
unable to take advantage of the ag I shesathre eebiend the fol 
lowing list as supplementary to i 

POSTPLIOCENE SPECIES. 

mydide, 
Cistudo eurypygia Cope. t Emys petrolet Leidy. 

PLIOCENE AND MIocENE SPECIES. 

Emydide. 

Stylemys Nebrascensis Leidy. 8. Niobrarensis Leidy. 

Trionychide., 

Trionyz lima Cope. T. Buiei Cope, 
Cheloniide, 

Puppigerus grandevus Leidy. 
Eocrxe SPECIES. 

Trionychide, 

? Trionyx pennatus Cope. 
? Cheloniide, 

Lembonaz polemicus Cope. Puppigerus parviscutatus Cope. 
CRETACEOUS SPECIES. 

Eimydide, 

Emys ok bad he sy Adocus agilis Cope. 
pe pravus Leidy. 

E. firmus Dell 7. A. Vyomingensis Leidy 
E. Stevensoni Leidy. A, pectoralis Cope. UPiarceters 
Adocus beatus Leidy. num olim.) 

Chelydride, 

Lytoloma sous ee Catapleura repanda Cope. 
LL. angusta Cop Pentresius ornatus Leidy. 

Propleuride, 
Luclastes platyops Cope. Osteopygis platylomus Co 

leura sopita Leidy. O. chelydrinus Cope. a 
Osteopygis emarginatus Cope. 

Trionychide, 

Trionyx halophilus Cope. Trionyx guttatus Leidy. 
T. priscus Leidy. 

Podocnemidide, 

Bothremys Cookii Leidy. Tuphrosphys Leslianus Cope. 
Taphrosphys molops Cope. T. strenuus Cope. 
T. sulcatus Leid T. nodosus Co 
T. longinuchus fone - 
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Thirty-eight species. Puppigerus embraces all of the Chelones 
described by Owen and Bell from Sheppey. To Zytoloma perhaps 
belong the two Chelones described and figured by Faujis and 
Cuvier from the Cretaceous of <r named Ch, cretacea by 
Seeger and Ch. Faujasti by Maa 

On Discosaurus pk its allies ; by Di J. Ley. (Proc. Acad. 
Nat Sci. — 1870, p. 18). —On the 5th of April, Dr. Leidy 
made remarks on Discosaurus and its allies, additional to those 
published at 392 of the last volume of this Jo urnal; and in the 

urse of it discusses the relations of Cimoliasaurus, as or iginally 
established, to Discosaurus. On this point he observes: 

probably contributed to ie ar cap Cope in his examination of 
the sie of the Kansas sau 

“The vertebral specimens ail to Cimoliasaurus consisted of 
two sets ot specimens, from two different individuals, both from 
the aie of Burli ngton Co., N. J. ey are described in 

those of figs. 10-18 more anterior cervical 
“The cervicals of Cimoliasaurus are so different i in their propor- 

tions from those of the Kansas saurian that there can be no ques- 

tion as to the distinction of the two animals, at least as speci 
“Do all the remains originally referred to ‘Discosaurus belong to 

this genus as distinct from Cimoliasaurus? I suspect that those 
from New J aioe to the latter. The animals indicated by 
all the fossils which have been under consideration are Plesiosau- 
roid, and, as in d species of Plesiosaurus, there is much 
variability i in the number, proportions, and other characters of the 
cervicals without a correspon extent of variation in other parts 
of the vertebral column, we would be prepared to find in Cimolia- 

ind of i in Discosaurus. 
“ Prof. Cope, in his ‘ Synopsis of the Extinet Batrachia and Rep- 

tilia,’ pt. i, mee Ra 56, describes two vertebral specimens from 
the lower bed of he Cretaceous us green sand of Gloucester saidk Mon- 
sie ‘counties, which he —caagersicie ~ a species with the name of 

aurus orient sla ea cribed as caudals are 
seen, by —— with the" Staranss ibsletan, to be cervicals.” 
The a rred to in aper—all Cretaceous—are ~ 

as follows: 1. osaurus vetustus tesla (Cimoliasaurus magn 
and C, ‘tiny of t Coney from Alabama. 2. Disc, ius (E (Bri 
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s 
tus in part? Leidy), from New J ersey. 5, Disc. planior (Disc. 
vetustus in part, Leidy), from Mississippi. 6. Disc. orientalis 
(Elasm. orientalis Cope), from Jersey. 

3. On Elasmosaurus platyurus Cope; by Prof. E. D. Corr. 

> and that it is the same as his previously described genus Discosau- 
n these points I would make the fo owing observation 

saurus. Prof. Leidy does not, however, allude to the principal cause of this error, which was the similar reversal of the verte- bral column in his descriptions of his genus Cimoliusaurus, first published in 1851, and re-published with 2 plates in 1864. Having my mind pre-occupied with this determination and not suspecting the error, I arranged El, urus in accordance with it. The 

ith Disco- saurus, I entirely dissent. Dr. Leidy, having assumed the cervicals of Cimoliasaurus to be lumbars, and stating it as “ probable that part of the series described as lumbars ge d be regarded as repre- 
e true caudals of the 

the two forms in accordance with the structure of Hlasmosaurus, failed to reverse the arrangement adopted by Prof, Leidy. Had I 
* Cretaceous Reptiles, N. America, 29, 
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done so, Cimoliasaurus and Discosaurus would have become syno- 
nyms of Ples siosaurus, since no characters are known by which 
to distinguish them. As it is, I preserve the first, on the supposi- 
tion that its scapular arch, will be found to present the peculiari- 
ties belonging to Elasmosaurus. 
There are, however, several species included in Leidy’s last de- 

pt de a of Discos vetustus, as he suggests, but believing that 
‘the material was not sufficient to justify a separation,” he allowed 
them + remain tiger A portion of this material from New z er- 
sey belongs undoubtedly to nbd ceo magnus, and the other 
specimens (two vertebrx), which present a few peculiarities, are 
recorded in my Synopsis b Hatin Batrachia Reptilia, ete. sot Cimo- 
liasaurus vetustus. I presume that it is on these tw wo vertebrae 
that Leidy bases his teresa of Tieniscterses to Diesopaia 
If the evidence furnished by these was “ insufficient to justify their 
separation” from C. magnus, : is ic ane insufficient to Justify 
their Peay! to another genus. The proximal caudals of 
mosaurus and Ci aRaanris. are ‘daatioal: but the median ey. 
distal sandals of the two are quite distinct. ‘In E platyurus they 
Label a deep median groove beneath and a rib-like elevation on 
ach side. No such vertebre have been described as referable to 

angulate caudals among those referred to C. vetustus by Prot. 

ittle notice to LeConte’s report on the 
Geology of the Union Pacific R. R., southern shee bea 

was Baterssirrae constituted ; 2, that characters peparacing it from 
Plesiosaurus were not adduced; 3, that it was not distinguished 
from Cimoliasaurus; 4, that Disc scosaurus vetustus embraces at — 
pial, species, one of which is Os in er nie ong ; and, 5, t - 

cann: 

ir 0 and strange as it may appear, 
fee co. vioteatrels to prove that the Tape of that region is a 

they species from that of Panama, belonging, however, to the 
same cents MUsSiey Adie The most obvious differe 
in the development of the nasal and frontal bones, but those are 
confirmed e differences in the dentition, especially in 
form of the first premolar of each jaw. bones of the th Pp’ a 
young, compared with those of the corresponding age of EZ. Bairdii, 

* It can hardly be doubted seh the median and distal caudals of Cimoliasaurus 
are angulate beneath, to produce rminal planes for the chevrons, in accordance 
with the structure of Plesi secon 
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tilages are deeper. As the animal advances in age, however, the 
frontals would appear to grow forw and force apart the na- 
sals, which apparently do not Increase, or ev in size, 
and sooner or later are fused with the frontals! This strange out- 
growth of the frontal bones has been verified on four adults, and 
eee panied the natural suggestion, that it was a monstrous indi- 

ual feature, is rendered improbable. The first premolars of 
the Guatemalan form, in comparison with those of #. Bairdii, are 

Wi s 

while the inner face of the posterior half bulges abruptly inward ; 
in the lower jaw, they are also narrower, and the anterior cusp is 
separated by a vertical groove o “pre inner face of the tooth. 

the specimens were o eee y Capt. John M. Dow, who 
“was told by the party who gave [him] ve skulls that the young 
are not marked on the body with longitudinal Baht — stripes, 
like # Bairdii,” and he believes that “this w: r 
evidently constant in the young of the species found in Guatema- 
la.” This, if confirmed by Capt. Dow himself from autopsy, 
would furnish a remarkable exception in the family ; but without 
attaching undue agar to the statement, the differences 
already enumerated seem anne By sabes its specific rank, 
and I shall Sache it at length under the name Hlasmognathus 
Dowii, I may add that Prof. Baird. rien the first has insisted on 

n 
gg ok to the Theory of Natural Selection: A Series 

aly AuFRED RussELL Watwace, author of the Malay 
ill 

e’s work will be read with interest by all who 
would somsibiak ‘hommes with the arguments and y Be pepo 
oR the hypothesis of Natural Selection rests, and also for its 

inal and curious observations on the geographical distribution 
habits of some animals. The author differs widely on some 

points from Darwin and Huxley. He has a chapter, evincing pro- 
found and earnest ot hate, on the Limits of Natural Selection as 
ae to Man, in which he shows that Man could not have been 

vancing, spiritual being, the ultimate aim of all 
ence; of his will, as not a product of nasurea cbaaduiete eee 
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nature; and he says that the earanee which he draws from the 
facts reviewed is that “a superi damn eat has guided the de- 

upreme 
Tntalligence”” We cite a few eae from the part of his argu- 

chief races:—Teutonic family, 94 cubic Be pe Esquimaux, 91 
cubic inches; Negroes, 85 cubic inches; Australians and Tas- 
enor 82 cubic inches; Bushmen, 77 cubic inches. These last 

umbers, however, are deduced from rigs few speci- 
ragRe and may be ‘below the average, just a mall n riegire s 
Finns and Cossacks pi 98 cubic inches, or staciiiins erably m 
than that of the German races. It is evident, therefore, that the 
absolute bulk of ghok ro is not necessarily much less in savage 
than in civilized man, for Esquimaux skulls are known with a 
capacity of 113 sacle: or hardly less than the i agi 
Kuropeans.* But what is still more extraordinary, the few 
mains yet known of, re kide oric man an. not indicate any sca ae 
aiomtaneion 3 in the size of the brain case. A Swiss skull of the 
stone age, found in the lake dwelling of Meilen, corresponded 
exactly to that of a Swiss pe of the present da ay. The’ cele- 

average, and its capacity, i indicatin ng actual mass of brain, is 
estimated to have been not less than 75 cubic inches, or nearly ‘the 
average of existing Australian crania. The Engis skull, perha 
the oldest known, and which, according to Sir John Lubboe 

er 
or aici have contained the i me brains of a sear of 

a paper read bufire et Congress 0: 
los oy >atet te Sor The capacity of the th te the roa coreg 

gee. the fine elliptical form of the anterior 
a ‘profile of the s incontestible characteristics o: supe- 
riority, such as we are accustomed tomeet with in civilized races.” 
brad e the apparant se 
that many of the oun ae should have as much brains 
average Huropeans, e is suggested of a surplusage of 
power; of an instrument inte the need of its possesso 9 
order to discover if there is any foundation for this notion, Tet us 

male compare the brain of man that of animals, The adalt 
* While the largest Teutonic skull in Dr. Davis’s collection is 112-4 cubic inches 

there is an Araucanian of 115°5, an Esquimaux of 113-1, a Marquesan of 110°6, a 
Wegsoct 1 105°8, and even an Australian of 1 104°5 cubic inches 
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Orang-utan is quite as bulky asa small sized man, while the Gorilla 
is “conan above the average size of man, as estimated by 
ulk and weight; yet the former has a brain of 0 only 28 cubic 

inches, “id latter, one of 30, or, in the largest specimen yet known, 
of 344 cubic inches. 
“We see, then, that noe ues Des aaah the savage ive the 

higher developments of man, or with the brutes arou 

actual requirements—an organ that seems prepared in vaveute 
only to be fully utilized as he progresses in civilization. A brain 
wo yes larger than that of the gorilla would, according to the 

dence before us, fully have sufficed for the limited mental devel- 
i h 

developed by any of those laws of evolution, whose essence is, 
that they lead to a degree of organization exactly proportionate 

ond 

Orms 

Ivy. ASTRONOMY. 

# Ag obere ogee under the direction of Dr. B. A. GouLp 
eco s, at our request, furnished us with the following 

a regard to the Cordova Ubsartata which has 
fon teed under his charge. He sailed with his family for South 

erica in the latter part of 
The Argentine —— voted to establish a national observa- 

tory at Cordova, at the instance of President Sarmiento, and 
through the mae of the eo Minister of Public Instruc- 
tion, Dr. Avelleneda,—who invited me to organize and taki charge 
of it, knowing my desire to extend the catalogue of the southern 
heavens beyond the limit of 30° to which the zones of Argelander 
extend. Bessel went through the region from 45° N. to 15° S. 
with systematic zone-observations at Kénigsberg, which wii since 
been reduced and published in two catalogues An Weisse of Cra- 

vanced, was not completed at the time of his death, and the Ms. 1s 
_ now stored somewhere in Washington. Let us hope that it eel 
at some time be recovered, the work completed ond aie given to the 
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and aim is to begin a few degrees North of Arge- 
lander’s aotihiem limit, say at 26° or 27°, and to carry southward 
a system of zone 0 observations to some declination beyond Gilliss’s 
northern limit, thus rendering comparisons easy with both these 
other labors, and permitting the easy determination of the correc- 
tions needful for reducing positions of any one of the three series 
to corresponding ones for the other. It is of course impossible to 
arrange in advance the details of such an emdonns but my ex- 
pectation is to go over the region in question in zones 2° wide, (ex 

cept in the vicinity of the Milky Way where the width would be 
but one-half as great,) up to a declination of about 55°, after which 
the width would be gradually increased as the declinations became 
greater. Within these zones all stars seen as bright as the 9th mag- 
nitude would be observed, so far as poeeible, moving the telescope 
in altitude when no bright star is in the until some one be- 
ped ee according to the well Kinin method of zone-obser- 

vatio 

be em mployedy inasmuch as the time now arin: for my absence 
from home wi be inadequate for proper discussion of the cor- 

wt is seat best to ance for a differential oumpitation at 
east . 

upon standard rhe ae So far as ms ig ropose ona ying 
those heretofore determined by me, and publishe pies the coast 
survey, which form the basis of the star ies American 

Almanac. 

bine others of a soaked character to some me Fn bat in the 
Lit si of a plan implying so much labor and effort, it would be 
unwise to rely bs the pascibility of accomplishing much more 

wo 
The Mprlpsi pica see relations of the ne are very peculiar, but 

I dare not undertak es of obser vaciars he: bearing 
upon these, without “self -registering spoatatna: which is beyond my 
means. 

versity, of the Western perso situated in 31° 8. we 
itude, on the boundary of the Paar gee the land begins to 
rise toward the group of mountains known as the Sierra de Cor- 
dova. It is connected with Rosario, on the rovems by the Cen- 
Am. Jour. Sci,—Szconp Serizs, Vou. L, No, 148,—Juxy, 187 

10 
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tral Argentine railway, which has probe ney been piready opened 
to travel through its entire length of about 250 miles, although 
information to that effect has not yet Sake this eery. 

e two largest instruments will be a Repsold meridian-cirele 
equato 

nished by Merz of Munich, and a clock mat Tiede ot Berlin. 

Almanac re greatly aided the undertaking by gifts of books and 
by a manuscript copy of Gilliss’s catalogue of Standard Stars; a a“ 
from the astronomers of England, Germany and Russia importan 
assistance has been freely and pai ae in the vidi 

ssistant a 
M. Thome, Clarence L. Hathaway and William M. Davis, J 

ston. 
available proved inadequate for its construction according to the 
be Soren plan, which was in the form of a cross, with four square 

ms about its center, and turrets at its four recite e 
half of it will be first erected; and it is hoped that the remaining 

umber of a oc 
sional observation of the aurora appears in ee Reports until the 

t 1 preceding ye 
ssessing sufficient general interest to authorize their publication. 

ollowing are the dates upon which auroras were reported by 
at least one of the observers 0: the Smithsonian Institution for the 
year 1869, and for three months of the year 1870 
1869, Jan. eh 6, 7, 10, 13, 17, 18, 19, 20, a, a3, 30, Total 13 days 

Feb. 2, 3, 4, 5, 6, 8 9, 10, 11, 15, 1%, 5 ee 
34,5, 8, 9, 10,11, 12,13, "41 @ 1% 19 S035 16 * 

a eo 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, Vi 19, . 
22, 23, 28, 29, 80, 23 
Tos 
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1869, oad 4, 5, 6. 2 * Be 10. “i 138, 24, 27, 28, 2 Total, 14 days. 
o 4, 5, 6, 7, 8 15 6, 19.20; fe ae ae at ype Re, Negeelarainae Wy (aes 

yup 2, 3; B, 10, ii ii. s Fi 15, 16, 17, 18, 19, 20, 35, 26, 
28, 29, a Ege 

Aug. 1, 3, 5, 6, 7, 10, 14, 15, 16, 22, 24. 27, 28, 29. 30, FG 4 
Sept. 1, 2, 3, 4.5 kage By 9, 10, il 12, ) 14, 15, 16, 19, 

24, 26, 27, 28, 29, 30, “99 4 
Oct. 1. 2, 4, 5, 6, 8. 9, 12, 21, 22. 24, 25, 26, 21, 28, 30, 31, oy eae 
Nov. 1, 6, 8, 9, 10, 12, 25, 26, 29, *. 2 
Dec. 4, 5, 6, 7, 13, 14, 15, 18, 22, 25, 26, 29, 30, 1s ae 

Total for the year 1869, 192 days. 

1870, Jan. 1, 2, 3, 4, 5, 6, 7, 8,9, 16, 18, 24 25, 26 27, * a; 30, — 7 days. 
eb. 1, 2,3, 4, 5, 6, 10, ll, 12, 13 , 20, 21, 23, 24, , 26, 2", 

March 1, 2, 3. 4, 6, 8, 9 20, 11, 13, 19, 20, 21, 22, “ah. 24, 
26, 27, 28, 29, 30, “ 93 ut 

“Total for three months of 1870, | 60:8 

ese observations indicate a very remarkable number of 
auroras, but it should be remembered that they are denivel from 
the reports of 350 observers spread over a territory embracing 56 
degrees of longitude and si degrees of ere In order that we 
may be able to make a c mparison with former years, it is desir- 
able to have a similar r sammary o of the reports of all the Smith- 
sonian Saas and it is to be hoped that the Secretary of that 
Institution will fur us with such a summary for each year since 
he Smithsonian system of meteorological observations was com- 
menced. 
The apts summary of the auroral observations made for 

five years at Depauville, N. Y. (lat. 44° 7’ N. long. 76° 3’ W.) has 
been furnished by Mr. Henr ry Haas 

Suis Feb. March, April. May. June. Juiy. Aug. Sept. Oct. Nov. Dec. Year. 

1865 3 5 1 5 5 5 2 2 42 
1866 i 1 4 3 y 2 3 4 6 5 4 2 42 
1867 2 1 4 3 5 2 3 GD 5 2 1 44 
1868 3 aes 2 4 6 4 3 3 2 1 0 1 40 
1869 4 1 4 6 5 2 4 4 8 1 2 3 44 

The number of auroras reported for the different years is re- 
markably. uniform, and similar results have been found at other 
pega where the annual number of auroras rises as high as fifty 

upwards; but in lower latitudes where auroral displays are 
Ton equent, the indications of periodicity are unmistakable. 

Vv. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 

orbit for the past one vaillion of years, oe from a point 175,000 
ears back of the present time; and in an earlier memoir “ On the 
cular Equation of the Moon 
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years. The main poin ee: ut forward by Prof. Stockwell in’ his 
Cambridge memoir has not been accepted by astronomers, but this 

his results for past time, a low maximum o urred about 100,000 

years back; a iene, 200, 000 years; a tower, 4 300,000; a rathe er 
low minimum 410,000; a low maximum, 475 000; a very low min 

ae Nee a maximum 570,000; two maxima, the aioond : 5 : 

950, 000; ete.—In Saban vite there will be a very low minimum, 
24 000 years on; a low maximum, 150,000 years; another low max- 
ithum, 250,000; a very low minimum, 300,000; a low maximum, 
400,000; avery high maximum, 515 000; a minimum, 560,000; an 
extreme maximum , 610,000 years ; and so on, Some of the minor 
oe eg and most of the minima, are not here noted. 

on an Electrification of an Island ; by F. JenKin.— 
A aioe discovery has been made by Mr. Gott, the superinten- 
dent of the French psn, | ’s telegraph station at the little island 
of St. Pierre Miquel ere are two telegraph stations on the 
island, One, w worked in in connection with the ane merican com- 
any’s lines by an American ee ny, receives 

ments, the invention of Sir William Thomson to receive 

messages from Brest and Duxbur ese very. — instra- 
ments were found to be seriously affected by ea rents; 1. 

insulated wire, the messages sent b e rival company 
clearly indicated, so clearly ean that ae have been automat 
cally recorded by Sir William Thomson’s syphon recorder. 
nexed is a fa e of a small part of the message concerning the 
oss of the steamship Oneida, stolen in this manner [here omitted. ] 
“Tt must be clearly understood that the American lines come n0- 
where into contact, or even into the neighborhood of the — 
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yet 
messages sent at one station are distinctly read at the o other sta- 

rea 4, at fift eatin in the neighborhood all at once. The expla- 
nation is i us enough: the potential of the ground in the 
neighborhood of the stations is alternately raised and lowered by 

fies the wale island, and this electrification is detected and 
recorded by the rival company’s instruments. 

1 owners of important isolated stations ae use cvieohahs 
at sea, and at sea only. This plan was devised by Mr. C. Varley 

we ma 

accompanied Mr. J. Ross Brown to China rs ago, and 
since then has occupied his time in onlaoe peclogiad explora- 
tions in China. His investigations have been encourag y the 
generous subscription of 16,000 dollars, made by the American 
merchants of China to aid him in rosecuting such exploration. 
An interesting feature of this subcription is that he is at liberty to 
use it as he deems best for the interests of science, without regard 
to immediate commercial or economic results, and in addition to 
his geological work, he purposes to institute meteorological obser- 
one ty state ral points 

me important additions have been made to the knowl- 
edge of the geo ogy of Northern China and Manchuria. Some of his 
observations made between Shanghai, ae Han-kau were published 
in the PineastGes of the American Academy of Boston, vol. viii. 
Since these were written other iectens have been received by Prof. 
J. D. Whitney, from which we hope to make extracts for a future 
number of this Journal. 

4, Thermal Units.—Prof. T. Murr proposes in “ Nature” of April 
ith, the introduction of the word therm for a thermal unit, mak- 

therm would be consequently the expressions for respectively 
1,100, 1000 therms, ss cctrbig — ding to gram, hecto- 

ogram in nam well as in nature.” 
5. presse at the Cape of Blood Hope.—Mr. E. J. Stone, F. 

R.S., of the Greenwich Observatory, has received an aiaticen 
to this position.— ature, June 23. 
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6. American Association.—The American Association for the 
Advancement of Science will hold its next meeting in Troy, com- 
mencing on the first Wednesday in August. Prof. William Chau- 
venet is the President for the year. 

. British Association.—The next meeting of the British Asso- 
ciation will be held at Liverpool on Wednesday, the 14th of Sep- 
tember, under the Presidency of Prof. Huxley. 

8. ApmiraL Russett Henry Manners, President of the Astro- 
nomical Society of London, died recently, aged 70 years. 

IV. MISCELLANEOUS BIBLIOGRAPHY. 

1. A concise analytical and logical Development of the Atmos- 
pheric System as God made it ; and the Elements of prognostica- 
tion by which the weather may be forecasted > designed as a 
Weather-book for the practical mind of the Country ; by Tuomas 

UTLER. 

mospheric System as Thomas B. Butler makes it.” The subject is too large a one to be discussed in a book notice; and we refer, 
therefore, to the volume for the views, which, according to the motto on the title page, is, in the author’s opinion, “ the truth [that] is mighty and will prevail.” 

nopsis of the Hxtinct Batrachia and Reptilia of North America: Part 24. By Epwarp D. Corz i rt of 

the i 
pha, and the Ophidia. The Testudinata are divided into two groups: the Cryptodira, represented by thirty-four species which 

of the Cheloniide is defined. Prof, Cope, through his labors, is throwing = light on the ancient vertebrate life of this continent. 3. armies . 

e author gives a succinct, but very comprehensive, sum- 
mary of the more important elements and compounds, exhibiting 
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their constitution and relation by means of formule and reactions, 
illustrated by problems calculated to direct the attention of the 
student to the more important facts and principles of the science. 
By his method of developing the subject, Prof. Cooke succeeds 

in giving to chemistry a ne get of Seegh al sequence and math- - 
ematical exactness, and his , taken in connection with a good 
book of laboratory practice, eg be fo an a most efficient aid to 

erience, in support of his opinion that the so-called atmizone or 
antozone fog consists only of electrified oxygen and water; an 
opinion stated in his previous research published in 1863. An ab- 
stract of this supplementary memoir of Meissner will appear in 
bas next number 

Great Outline % Geceraphy a Text-Book to Pigs a 
tis ‘Vadooreal Atlas ESP E 8. Fay. 2388 pp. 12mo. New 
York, 1869. (G. P. bas m & Son).— Mr. Say has made an ae 
tant contribution to igs means 0 truction in geo hy in the 
Atlas and its accompanying text, Seely, published = utnam & 
Son. The work has lg ioe in preparation, the ma map havin 
been prepared by . scence bss Berlin, during the author’s haaes 
residence as Ameri ag Tape t European courts. A fac-simile 

the ps. The plan of instruction proposed in work is 
for ae teacher to read the lesson pines the book while ‘the pu 

him “ follow: wn AN AEY. word upon the plates,’ "2 soaens 6 or 
Sica rivers, &c., as the names are mentioned; an Ey oicruee: 
which is not to shots © at any one time, an hour, is stad enough. 
The pupil who goes throu Pe the work ROR the ee. * 

subjec 
6. Geology and Revelation ; or the ancient history of the earth 

considered in the light of Geological fa facts and revealed religion, 
with Illustrations ; by the Rev. Gzratp Mace aie 3, ofessor 
of Theology in the Royal College of St. Patrick’ Meynooth, 418 
pp. 12mo. London, 1870. (Longmans, Green, Reader and Dyer 
—No pen on this subject has appeared from the Mate ‘ide 
that i worthy of respect than this by Dr. Moll 
authcr’s Biss bens of the principles of geology, with eae . 
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their bearing on the Mosaic history of Creation evinces grea 
familiarity with the science and the necessities of the THantontiile 
reader, and thorough knowledge of the sacred record. In treating 
of the antiquity of the earth he enforces his argument by copious 
hae meesies from the Christian Fathers, showing that long before 
geology had any existence as a science, ae of course, when t 
discussions and pit it has excited were unknown, the essential 
points respecting dime and the order of Creation had received 
careful attention Posing devout thinkers, and that the sonchutions, at 

time.” The questions touching the antiquity of the human race 
the author proposes to discuss separately at a future 

THomas Rupert Jonzs, Prof. Geol., etc., Roy. Mil. College, Sand- _ 
hurst. Part X, for February, 1870, carries the micip to pages 140 
and 132 in its two parts, the plates ‘to A xxxu, 

Report of the Commissioner of Agriculture for the year 1868. 671 pp. Wash- 
ington, 1869. 

Annual Report of se Trustees of Lael Museum of Comparative Zoology, at 
Harvard College. 42 oh vo. Boston. 187 

First Annual Report of the omer ae Seat of Natural History. [Museum in 
the > New aod Park a 30 pp. 8vo. ca 1870. 

Transactions of the Rdixbargh Geological Society, Vol. I, Parts I, I1, III, 372 pp. 
8yvo. with scnetig lates. 1868-1869. Edin sire g 

Tables for the determination of Minerals mas Egleston, Jr., Prof. Min. 
-Met., in the School of Mines of Coluabia ‘alee 26 pp. Sag ” New York, 

1870. 
A Treatise on Elementary Geometry, = appendices containing a Collection of 

Exercises for students and an introducti m to Modern Geometry; by William 
Chauvenet, L.L.D. Prof. of Math. and ‘Ast. in Washington Univ. 368 pp. 8v0. 
soy 1870. (J. B. rs 
On Sotgnraes4 ioe Professors William King and T. H. mage of agp s 

Dniv., Taian. 48 pp. 8 aa 4 colored plates. hon the Proc. R. Irish Acad.. 
Duly, 1869. [Facts vin argumen A apenas § the animal nature of the Daca from 
which we may oe at another tim 

Report of the Britis preter g or 1869. cv, 434 and 260 pp. oo 1870. 
mdziige einer > algietidiatn Theorie der Oberflichen in synthetischer 

lung, von D. Ludwig Cremona, Prof. Berlis. 1870. 
Annali di see pura ed applicata, diretta da ¥. Belaonisie 5a. Crenieee, 

_ IL, 
The American Colleges and the ae Public; by Noah Porter, 
pyar ale College. 282 pp. 12mo. New Haven, Conn., 1870. “C. een 
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We have received the following works from George P. Putnam & Son, publishers, 
New York. 

e Great Architect: Benedicite; or Illustrations of oa Power, Wisdom and 
Goornes of God, as manifested in his works, by G. CHAPLIN CHILD, M. Two 

in one; reprinted from the London edtion. "316 pp. ies. 1869. 

A manual of Political Economy, by E. PesHine SmirH. 269 pp. 12mo. 1869. 

Elements of Geology, intended for the use of students, by SAMUEL StT.JOHN, 
Prof. of eheomae aud Geology in College of Physicians and Surgeons, New 
York. Eleventh edition. 334 pp. 12mo. 69. 

Astronomy witho hg ners 3, by EpMunD Beckett Denison, L.L.D., Q.C 
and F. A “ author of ‘the Rud imentary Treatise on Clocks and Watches and Bells, 
Lectures on Church Building, ete. 7a ia ae gg os Edited with 
cerca: and notes, by Puiny E. Cua pp. 1 1869. 

Lectures on Natural gah or Nature _ re ‘Bhi ee before the 
ph many Boston, CHAD , M.D., Prof. of Nat. Hist. 
As 8 Colle ge, autor of Prratins on er ener al of Natural History, ete. 

pp., Phe: 

ond without - an The Cavé d for learning to draw from memory, 
by Madame Marre TH CAV a ted from the agen a edition. 
ee corrected and -ealargod by a ea 130 pp., 12mo. 

The Cavé Method of Drawing. 2d part, Color: for teaching painting in oils and 
water colors. Translated from the third French edition. 110 pp.12mo. 1869. 

The New West, or California in 1867-8, by CHarLES Lorina Brace, author of 
Races of the Old World, Home Life in eeicuey Hungary in 1851, ete. “$73 pp. 
12mo. 1869 

Wonders of the Deep, a Companion to Stray Leaves from the Book of Nature, 
by M. ScHELE DE VERE. 351 pp. 12mo. 1870. 

Our Admirals Flag Abroad. The Cruise of the Franklin. 464 pp. 1869, 
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Art. XVL—Comparison of the mean daily range of the Magnetic 
Declination, with the number of Auroras observed each year, and 
the et of the black Spots on the surface of the Sun ; by ELIAs 
Loo 8, Professor of Natural Philosophy in Yale Coll ege. 

In 1826, M. Siiteabe of Dessau in Germany commenced a 
series of observations of the nae spots which he has continued 
to the present time. For each year he has kept a record ofthe 
number of ri of observation, the number of groups of spots 
“anal g and the lays on which the sun was om spots. 
These observations decidedly indicate a oe in the num- 
ber of the solar spots, a maximum recurring at an interval of 
from 7 to 13 years. In 1849, Dr. Rudolf Wolf, of Zurich, 
Sipinailatsd commenced a series of observations for the same 
object as those of Schwabe, but upon a plan somewhat more 
precise “aii thorough. Bee each day of ote gation: he recorded 
two numbers; the first showed how many groups or isolated 
poe were seen with a ps feet Fraunhofer telescope and a 

power of 64; the second showed the total number 
of visible aad for that day. In order to deduce from these 
observations a series of numbers which shall be ge 2 daar 
to the amount of spotted surface of the sun, he multiplies 
the number of gronps for each day by ten, and sida to this 
cig the total nunber of spots. Thus, if on a certain day 

counts 9 groups and 31 single spots, he obtains 121 
(9. x 10431) which he calls the relative number. The mean of all 
the numbers thus obtained for a month, is the relative number 
for that month ; and the mean of the number thus obtained for 

Am. Jour. Sor.—-Sadox Series, Vou. L, No. 149.—Supr., 1870. 
10 



154 E. Loomis on Solar Spots, Magnetic Declination, ete. 

a yearis the relative number for er year. Dr. Wolf has con- 
tinued these observations to the present time, and the h 
clearly a minimum in 1856 and a in 1867, the interval 
being 11 years. 

Dr. Wolf has made a most thorough examination of the 
records of Astronomical observers, since the invention of the 
telescope in 1608, and has aimed to deduce a similar series of 
numbers which shall be proportional to the amount of spotted 
surface of the sun for a period of 260 years. In this attempt 

_ he has been remarkably successful, and he claims to have de- 

termined the date of every maximum and every minimum of 
the solar spots since 1608. He — also published a table of 
relative numbers for each year since 1700, in which, however, 

find 86 years marked with an interrogation point, indicating 
that the numbers for those years are specially unreliable, of 
were derived by interpolation. Since 1749 only 12 years 
thus marked with an interrogation point. These years are 1774, 
1792, 1798, eee to 1807, and 1814-5. From 1749 to 1826, 

schaft, in Zuri 

Obs. from 1700-1748 ve Kireh, vol. 12,!Obs. from 5 sg po Flaugergues, 
42. 6, p. 4 

17 et by Plantade, vol. 5, sg 1800-1818 ie? ‘Heinrich, vol. 

- 1tie-11 26 by Rost and Alis- aahicre by Stark, vol. 3, 
0. i ez, vol. 5, p. 261. 

1742-1751 by Hagen, vol. 4, 
p. 250. 

le igs by Staudacher, vol. 
p.2 

pong: by Zucconi, vol. 2, 

1769 a “Horrebow, vol. 10, p. 

13-1777 by Mallet, vol. 3, p. 

1816-1825 by Tevel, vol. 4, p- 

1819-1823 by Adams, vol. 6, 

1826-1868 by Schwabe, vol. 1, 
p. 266; vol. 5, p. 1, 
1849-1868 by Wolf, de 1, to 
14, 
1854-1860 by Carrington, vol. 

9, p. 2 
have no reason to doubt that the ively nentine which I 

Dr. Wolf has derived from thes ese observations are generally as 
Ain as can be popes from the materials employed, but I 

mbers need some correction for the years 1793 an 

1794 and and “probably ast for 1795. His numbers from 1787 
tol 

1787 92:8* 1790: 168 1798 «=. 20°77? 
1788. 90°6* 1791 46-1 1794 9-289 
2 89 («8H 4 1792 52:7? 1795 165 

ropose to examine into the accuracy of these nambers for 
roe and 1794. 

a 

j 
| 
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The relative numbers from 1787 to 1793 depend almost en- 
tirely upon the observations of Staudacher. On p. 283, vol. 2, 

olf, by comparing the average number of <i on each day 
of observation, deduces the following number 

1787. 1788. 1789. 1790. 1791, 1792. 1793. 
464 453 394 = 376 223 «8 Blt 17-0 

The relative numbers which he gives for 1787 and 1788 are 
obtained by doubling the corresponding numbers here given 
for those years; and applying the same rule to 1793 we obtain 
34 as the relative number for that year. If we combine with 
Staudacher’s observations, the six observations made by Huber, 
Hahn, and Bode we shall obtain almost exactly the same result 
I, therefore adopt 84 as the most probable relative number 

The relative number for 1794 depends chiefly upon the ob- 
* servations of Flaugergues, and I will compare his observations 

for 1794 with those for 1816, for which year Wolf considers 
the relative number as well det ermined ; and I will also include 
15 days (Sept. 12 to 27, 1794) as being without spots. The 
following is a summary ‘of the results: 

verage daily No. of 
roups. Spots. Days. Grouse. Spots. Relative No. 

1794, i — 148 35 bi 4:23 159 
1816, 62 112 51 1:22 2°20 14-4 

The relative number which Wolf adopts for 1816 is 45°. 
The above result for 1794, reduced to the same scale, becomes 

5. for 
1804, Dr. Wolf estimates at 7 0; but this number is ctibaeties: 
conjectural, since observations are reported for only two days of 
that year. The observations of the etic declination indi- 
cate that this number is too great, and d i have accordingly re- 
duced it to 50, and have reduced the numbers for the thites 
preceding and following years in the same ratio. The entire 

follows. An asterisk (*) denotes a result considered Asam 
trustworthy ; an interrogation point (?) denotes a result consi 

y- ered specially untrustworth 
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Table of Relative Number of Solar Spots Each Year. 

Number Nu _— T Number |Number Number 
Year. of Year, Year.| of Year. | | of Year. oft 

Spots. Sp oe | | Spots. Spots. Spots. 

1740; 60°0 7}|1766| 17°75 1792| 52°17? 1818! 341* ||/1844| 13°0* 

1741| 35-0 ?||/1767| 33°6 1793. 340 71])1819| 22°5*||1845/ 33:0* 

1742] 18°3 1768] 52°2 ||1794| 50-0 1820; 8-9*||1846| 47°0* 

1743] 14°6 1769| 85 7¥*||1795| 35.0 1821 | 4°3*||184 4% 

1744 21770) T9-4*|) 1796); 9:4 1}1822) 2°9*||1848/100-4* 

1745| 100 7/| 1771) 73°2* 97 | 5°6* 1|1823/ 1 849 6* 

1746] 20°07||1772| 49 : | 2°8* 11182 6°7 ||1850| 64°5* 

L747) 35°0 71) 17731 39° 1799, 5. 4 1825| 1 1851} 61-9* 

1748| 50-0 2)|/1774 et 1800 
01. 1749| 63°8* ||1775 | 27°5 11801, 22:1? 

1750} 68°2* ||1776| 35-2 ||1802, 27-4 7//1828) 52°5 ||1854| 19-2* 
1751} 40°9* |/177 0 {1803 35-7 7//1829, 53-5*|/1855) 6-9* 
1752| 33-2* ||1778| 94-8 |/1804) 50-0 7//1830) 59-1*|| 1856 = 
1753] 23-1 |}1779] 902 | 35-7 2111831) 38-8*!11857| 21 6* 
1754| 13°8* ||1780| 72 1806} 21:4 ?||1832; 22°5* ||1858| 50-9* 
1755| 6°O* ||1781| 67-7 ||1807| 7:1.7|/1833|} 7°5* ||1859| 96°4* 
1756 1782} 33°2 |/18 | 2-2 34} 11:4* |/1860| 98°6* 
1757} 30°4* |/1783] 22°5 |/1809| 0-8 ||1835) 45.5* {/1861| 77°4* 
1758| 3 1784 1810, 0-0* |/1836| 96-7 ||1862| 59-4 
1759| 48°6 |/1785|] 18-3 |/1 0°9* ||1837 1863} 44°4* 
1760) 48°9* || 1786] 60°8*|/18 4* |'18 

+ ‘4 35°0 i 
1764] 84°5* ||1790} 75-2 1816) 45°5* ||1842|) 19°5* || 1868| 40°2* 
1765| 23-0* ||1791! 46.1 ||1817| 43°5* ||1843| 8-6*|]18691 84-1* 

urve line at the bottom of the accompan ying Plate, 
shows the 5 ideal aa in this series of numbers, and exhibits a 
succession of maxima and minima which occur at the following 

dates : 
Maxima. Minima. 

Year, Interval. | Year. i0 Interval. ai Interval. | Year, Interval. 
; years. : 11°65 years. 1750 41 years, | 1804 ja57 «|i ar55-5 1 Syears.| 1810 34° Tu 
1761 a | (8166 2 105 = | 1823 “ 8 13°5 1166 10 
1769 “a 0 qT it 1775 9 = 1833 10 “ 

1778 9 “ 1837 ll 6 1784 9 = 1843 13 te 
on 1848 gw [Igy = 4 18865; s 

age interval pe nor vi Dr. Walt overlooks the maxi- 
mum of 1794 and counts but sea riod from 1787 to 1804. 
This interval amounts to 17 which is the same as the in- 
terval from the maximum o 1761 43 that of 1778 (including 
two periods) ; and the interval from the maximum of 1830 to 
that of 1848 (including also two periods) = only 18 years. 

therefore, we should count 1794 as a year of maximum. 
equal in amount to the following se of 1804 and 1816, 
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but almost blended with the preceding maximum of 1787, in 
consequence of an unusual prevalence of spots during the in- 
termediate interval. From 1750 to 1860, Dr. Wolf reckons only 
10 periods, which would make the average length of one period 
11 years; but if we reckon 11 periods (as I think we ought) we 
shall find the average length of one period to be 10 years. 

If now we attempt to explain the fluctuations in the sun’s 
surface by ascribing them to the influence of the planets, we 
find that the planet whose period approaches nearest to the pe- 
riod of 10 or 11 years, is Jupiter, whose time of revolution is 
11-86 years, which is nine months greater than Wolf's period, 
and almost two years greater than the period above found. But 
the interval between two successive heliocentric conjunctions of 
Jupiter and Saturn is 19°86 years. Once, therefore, in 9°93 

tion; and if we suppose that the action of these planets upon the 
sun has some analogy to that of the moon upon the earth in 
raising a tide, then we shall have a cause whose period corres- 

1 i the maxima of 
the solar ains, however, a cause why 
these periods are alternately increased and diminished by 3 or 

an. the successive riable in 
amount. This cause may, perhaps, be found in part in the po- 
sition of Jupiter and Saturn in their orbits at the time of con- 
junction an ee but to render the explanation c 

in successive revolutions, and these differences go on steadily 
increasing for several revolutions of Jupiter; in other words the 
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actual amount of spotted surface for each month, and the 
amount indicated by the normal ten yearly curve. These dif. 
ascot are mainly the effect of causes whose period is less than 
10 now we arrange these numbers in appropriate col- 
umns eanlaied by the times of gk St of Venus and the 
earth, and take the averages of the different columns, we shall 
find that the results follow (in the main) an obvious law, as 
will be seen in the following table, showing the 

Spotted surface of the sun dependent upon the conjunctions of Venus and the Earth. 

1854 Fob. = Inf. conj. P cs tag Belpre : re i aga sel aa 4 

Dec. up. conj. —198|— 34)/— 47/-+ 10|—147|—107 
1855 Sept. 30. Inf. conj.| __ + 6|— 73/4+311|— 75/+369}+114|— 50|— 93 
1856 st 20. Sup. conj.|__ g3|__ agi—_ g0|— 38|— 35/4 35/— 2/4 40 0 
1857 May 9. Inf. conj ee Ol+ 9+ 20/4138/— 30|/— 48/— 55 
1858 Feb. 28 Sup. conj./___ 5/___ 30/165; +._ 16|-+240|— 83/+ 20 —160| +280 
‘Dee. Cs Inf. + 45|—177|— 90|+419|+ 62|+494|-364/—214/— 58 
9 Sep. 27. Sup. conj.| 167) + 183] +443] +488] +285 +960|—235/— 65|—670 

1860 July 18. Inf. conj. 115, —460| + 625, + 640] + 900, + 750/-+135 —300|—670 
—305|—900|—600|—180| +72 35|— 100 cs | 80|+720\+-235|—565|— 25\+ 

- 87-177) + 24 +163] +231 +317 —102 —108|—141 

The curve of the accompanying —Plonths Before. ee Bee Ss. 
figure represents these average +300 ' 

a results, and shows that the prin- ie 
cipal part of these differences may i ae | 
be represented by a simple curve , f 2 
whose period is 9°7 months ; being / . | 
the period between the successive ‘ 2 Pa 
al a ae of Venus and the sun 3 

the heliocentric conjunctions -™ 7] 3 Dy 
i ePpaens of Venus and the EN T 
eart 

The Ecene facts are thought to warrant the following 
propositions 

1. The mean interval between the successive maxima of the 
seg spots is almost exactly ten years. 

The value of the maximum of the solar spots is variable, 
ae being generally two or three successive maxima o 
sual magnitude, followed be we or three maxima which are 
ee — the average magn 

e normal ten- ee curve, are a 
mined by the heliocentric conjunctions and ogee of Ve 
nus and the eart a 

. The fluctuations in the period of the solar spots from 7 to 
13 ‘years, and the great fluctuations in thes amount of the suc- 

_ 
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cessive maxima cannot be explained simply by the configura- 
tion of the planets, without also admitting a secular change in 
the magnetism of the sun analogous to the peers change which 
has been observed in the magnetism of the earth. 

Diurnal inequality of the magnetic Declination —In comparing 
the diurnal inequality of the magnetic Declination with the 
amount of spotted surface of the sun, T have taken the obser- 
vations at Prague as the standard, because these observations 
are at least as suitable for this purpose as those of any other ob- 
servatory, and because they are the observations which Profes- 
sor Wolf has chiefly employed in his comparisons. During the 
eighteenth century, sigs aca of the magnetic peep were 
madé at Montmorency, France; at Mannheim, Baden ; ris 
and London. Those of Bea ocees extend from 1777 to “79, 
and were published in the Connaissance des temps for 1780, etc., 
and are copied in the Ziirich Vierteljahrsschrift, v. 5, p. 241; 
those of Mannheim extend from 1781 to 1790, and were pub- 
lished in the Palatine Ephemerides, and are copied j in the Vier- 
teljahrsschrift, v. 6, p. 427; those of Paris were made by Cas- 
sini, and extend from 1784 to ’88, and are copied in the Viertal- 
jahrsschrift v. 2, p. 291; oe those of London extend front 
17 86 to 1805, were made by Gilpin, and were published in the 
London Philosophie eal Transactions for 1806, p. 416. During 
the present century, before the commencement of the Prague 
observations, we have Beaufoy’s observations at London from 

Prague, the mean diurnal change ie the year is obtained oid 

considerably the cae of the mean diurnal change. It is diffi- 
aut to or what correction should be applied to the different 

f observations above enumerated, in order to reduce 
+ 
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ears. The corrections which I have actually oaks are the 
following : 

The observations at Montmorency have been increased by 
one-fifteenth part. 

7 “ “ Mannheim diminished by one-fifteenth. 
é « “ Paris, 1784-88, diminished by one-fifth. 
w 6 a London, 1786-1820, diminished by one- 

nth. 
a a “ Paris, senate diminished by one-fourth. 
és se “ Gottingen, 834-40, diminished by one- 

eae ly 
The following table presents a summary of all these oe 

vations: [See page 
ese sbaarvations after r being reduced to the Pages 

standard in the manner already stated, are represented by the 
middle curve traced on the accompanying Plate. This curve 
Beas an obvious resemblance to the curve of solar spots, and in 
ong may be said to be parallel with it. The differences be- 
tween t é 

phenomena represented. Since 1884 the general correspondence 
of the two curves is remarkably close, but real differences are 
indicated in the years 1836-8, in 1842-4, and in 1864. 

is comparison seems to warrant the following propositions : 
Pe, A saeke ae evened of the magnetic declination, amoun 

at Prag about six minutes, is independent of the 
pda in the sun’s surface from year to year. 

e excess of the diurnal inequality above six minutes as 
observed at Prague, is almost exactly proportional to the amount 
of spotted surface upon the sun, and may therefore be inferred 
to be produced by this disturbance of the sun’s surface, or 
both disturbances may be pein to a common cause 

Periodical recurrence of great auroral displays.—In attempting 
e. decide whether auroral diaptaa exhibit the character of a 
a. a careful discrimination is necessary in selecting 

ta for comparison. Travelers who have wintered in some 
pau of the Arctic regions, have reported that auroral displays 
were witnessed almost eve lear night when the light of the 
sun did not interfere, even on those years when in the middle 

complete catalogue of all recor uroras, including the 142 
auroras observed at Fort Ente terprise i & 1820-1, the 148 auroras 
observed - t Bossekop i in 1838-9; the 141 auroras observed at 
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Moose Factory in 1850-1; and the 181 auroras observed 
at Point Barrow in 1852-38, etc. we introduce “into our 

of o 
do not represent the relative frequency of auroras on different 
years for any single station or region of t arth. All obser- 
pet a from the polar regions whieh are np HiT to occa- 
onal years, and do not form a continuous series, should be en- 

sively dasaeaea i in the present comparison. We desire to know 

Diurnal inequality of the Magnetic Declination. 

Year. gy Mannheim.) Paris, |London. | lear. Paris. — Pete Prague. 

void beat al es 

1777| 112 12° 0 1828] 11°762|_____. 8°64) 22 
1S ae 10-7 ||1829] 18-74|_____- ie eee 
1779 . 9-1 | 8 9°40|_._..- 930 inex 
kia 9/12 i: ae 8°81|_._.-- 
{TAs 8-11 THT (I 
1783 8-7 8°19)|1833 
ipa jae adines 6:98 | 9-’65|___._- T-12//1834|_.-..- 8471 T-91|_-.-.- 

Se te 8°5 eae Hiesol......| 957 8-93! __... 
yt ee 12°01 | 14-00} 14-40) 11 79 te36) 12°34] 11°52|______ 
178% wesvsesledanase 14} 14°98] 12°80)1837]______ igatl 2145) 222202 

3°81| 11°61)/1838|._____ 12-74] 11-89|___._- 
1t5e 4 eee 1:8 -43'11839|._.. 11°03] 10-29]... _- 

ie ES 8:33 |....-| 11°95} 9-27!/'1840]_.____| 9-91| 9-25] 8-84 
1791 Pome Soren 11-42} 10-28))1841 7-43 
1792 91: 21/1 | 6°34 
1793 BE Sere 8-43] 7-59 1843 6°57 
1794 el Ree 7°25} 6531/1844] a Bike 6-05 

95 . . | 1195 Bes poe Bees 6:94 25, 1845) 6-99 
a 7-20| 6°48 1846 7-65 

1798 ta ecu Herel 10°75 
9 “ofa anew . | T16| 6-44//1849] 10-27 

1800 6741 6 07 |185 | 
768) 6°91)/1851 832 

802 §°25 740, 1852 eu 8-09 
803] _. 9:18] 8261853 7-09 
804 ot Seer venheadl cece poor 6°81 

1805 s oie 7-34 1855} mers 641 
‘83| 6°15, 1856 5°98 

eee 1 Rae at T62| 6 86)/1857| 6°95 
15 7-66] 6-89 11858 740 

1817 8:55| 7°70.1859 10-44 
1818 8°81 Seed 10:05 
1819 T77| 6991861 8°46 
1820 ETS TH 862] ‘s "48 

1821 9°10)... <2} 6-82)|1863] we ieee 
822 easl = 62 1864 6-72 

1823| 8°18)... et Bd je 
1324} S00. op ees 
1825 9°67|......] T2651 ET Sema Sore 
1826 Glos ‘SS Go app a ee nde 1827 at 3 | Rae 8-48 111869 PRE NES IRM 8: 
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whether auroral displays exhibit a periodicity in any given lo- 
ceality or region, and for this purpose we desire a long series of 
faithful observations at a single station or a limited number of 
stations ; or if satisfactory observations of this kind cannot be 
obtained, then we must employ observations from a limited re- 
gion of country where the records have been the most complete 
and continuous. 

servations at St. Petersburg (Smith. Rep. 1865, p. 227) are con- 
tinuous from 1726 to 1811; and the observations at Berlin (Heis 
Wochenschrift, Jan. 1870, p. 47) are continuous from 1700 to 
1800. I have combined these observations with those at New 
Haven and Boston, and the correspondence of the resulting num- 
bers with the fluctuations of the solar spots is quite satisfactory. 
Inasmuch, however, as I have not been able to obtain a con- 
tinuation of the Petersburg and Berlin observations to the present 
time, I have thought it best to extend the area of observation, and 
include all published observations from Europe south of the par- 
allel of 55°. By this method of comparison we eliminate to a 
considerable extent the anomalies introduced into the obser- 

ead catalogue of European auroras classified by parallels of 
atitude, and I have used this as my principal basis in the sub- 

auroras recorded in Europe south of the parallel of 55°; column 
third the auroras at New Haven and Boston ; colunin fourth the 

bers thus resulting are given in column : 
For a few years preceding and following 1787, column _— 

auroras sufficient to excite a suspicion that these numbers are 
relatively too great. The Palatine Meteorological Society, which 
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Number of Auroras observed on different years. 

Belg Zz uw | BS) ¢ é % | BE! ¢ g Beeld | = | 28 llvonlSs led] 3 | oP llr | oe! = |S Year| 558 55 ; ae Year EB. ga de Year. eee ng ge 

~ (ge |e Sei] (P88) g2| 2 |23|| Pe" 82) 2 sa 
1739] 46 46 1783) 73 | 22 | 68°] 47 ll1gaT] 161g oes 17 
1740} 2 23 | 39 ||1784| 5 4 | 29 9 ||1828 6 | 18) 21 
1741) 49 49 | 39 }|1785) 42 9 0 | 56 }}1829} 20 | 2 | 22 | 25 
1742| 42 | 2] 44 | 43 ||1786/110 | 55 /110 1830] 28 | 6 | 34] 25 
1743) 33 | 21 35 | 31 |/1787|133 | 47 |113 |108 |]1831/ 17 | 2 | 19 0 
1744] 14 | 0 | 14 | 20 1783)124 | 38 100 105 ||1832 4 oh AES 
1745} 10 | 0 | 10] 16 1789)103 61 |102 | 84 |/1833 8 | cael ae sie a | 
1746] 17 | 7 | 24 | 22 ||1790) 77 | 13 | 51 | 68 |j1834, 4 | 9/13 12 
1747| 23 | 10 | 33 | 27 |]1791] 78 | 12 | 51 | 46 |/1835 7 | 61 13° 35 
1748} 18 | 6 | 24 | 27 ||1792] 60 | 6 | 36 | 3% ||1836) 14 | 56 | 19] 32 
1749] 13 | 10 | 23 | 33 ||17931 15 | 8 | 23 | 23 |)1837| 22 | 41 | 63 | 42 
1750) 34 | 17 | 51 | 31 ||1794 2110 | 14 ||1838] 5 | 39 | 44] 60 
1751) 14 |° 5 1 19 | 30 {1/1795} 6 | 21 8 | 7-{]1839| 27 | 47 | 741 65 
T162|-19 | 22 | BE PRA T96 0| 21] 8 |/1840] 32 | 44 | 76] 80 
1763} 11 | 1] 12 | 15 1797} 13:] O4 13 | 5 }}1841| 34 | 56 | 90 | 67 
EWh4h 19 101-12 1 79s od eae | 6 ||1842} 18 | 18 | 36 3 
1755) 10 | O|} O| 10 ||1799 ae 4 1/1843} 24 | 10 | 34 | 37 
L156) 3 20) | 4B OE SOO @ 4 O21 B Poe bas 13 | 41 | 39 
ge | A aes ee 1801; 8) O| 8 | 6 {1845} 18 | 24 | 42 | 48 
1758} 1} 41 6& | 14 |/1802; 2] 2| 41 6 |\1846] 25 | 35 | 60 | 54 
1759) 92°) 5 1-97 + 36 113809). 1 6G 6 1/1847; 35 | 25 | 60 | 76 
1760} 11 | 61 17 | 23 {/1804 4) 8 | 14 |/1848] 46 | 62 |108 | 72 
1761) 20 | 5 | 25 | 22 ||1805| 23 | 41 27 | 14 |\1849] 26 | 93 | 49 | 69 
1762; 16 | 7 | 23 | 19 ||1806} 3] 4] .7 | 13 |l1850] 15 | 36 | 51 | 49 
1763} 2] 6] 8 | 16 |/1807] 2| 21 41 4 |l1851| 20 | 96 | 461 65 
1764) 4-[-12 7 16°VE (S68 4 et 2 111852] 33 | 64 | 97 | 67 
Li6a) a} PPPs 1809) 64°. 2} --¥ 1 |/1853} 20 | 39 | 59 | 63 
E¥66) 0: [0404 SaTeiée Te : Ligoat"C-) 27 | 340) 36 
Lien) 4) 4) °° 8). SSH Ot OT SOO raps 64) 12-1 te oe 
176813 | 7% | 19 1°80 HI812) OO 6 1 11856) 5] 8.| 13] 11 
1769} 46 | 18 | 64 | 40 ||1813} 2] 0} 2] 4 }i1g57| 1 5 a ee sta 
1770} 22 | 14 | 36 | 41 ||1814/-6 | 31] 91 5 {l1858| 11 | 30 | 41 | 37 
LET Pele 1b 19920) BE ISEB 8 fo ee tg 11859} 47 | 16 | 63 | 50 
tie Tito) 86 ise) 2} 64. 2 5 (11860; 28 | 17 | 45. 48 
1773) 26 | 17 | 43 | 33 ||1817; 11 | 0 | 11 | 7 |I1861! 24 | 12 | 36 | 36 
1774) 24 | 20 | 44 | 33 ||1818} 4] 4] 8 | 11 |i1862| 23 | 5 | 28! a8 
1775 5 | 12 | 22 ||1819| 9; 61] 15 | 10 |/1863} 19 | 2) 21) 29 
1776 4 26 11820} 41°93 | 6 1-8 ised) 33 | 6} 39-133 
1777) 41 | 15 ; 56 | 38 |/1821} 2] oO| 21 4 ll1s6s| 36] 21] 38 | 34 
1778) 30 | 18 | 48 1892) 2 ).-4°)-: 8 |} @ 19866) 212 | 64 961-37 
1779} 98 | 4 |102 | 70 ||1823} 0] o| O| 1 |l1867 20 | 29 | 22 
1780) 34 | 25 | 59 | 67 |/1824) 0] O| O} 1 |lises} 3! 7| 101] 39 
17381 95 | 59 | BY 1825) Bi 2] 41 4 |/1869) 28 | 28 | 56 
1782] 58 | 24 | 53 | BY 1826! 91 01 9 | 12 Ilis70 

eas 
they were 

oo and 
uropean 
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servations during - interval by one-half, and have combined 
this result with t ew Eng oy beget ca in completing 
the numbers in the “las two colum 

The Boston observations published by Prof. Lovering in the 
Memoirs of the American Academy, vol. ix, p. 101, and copied 
in the Smithsonian Report for 1865, p. 227, extend only to 1848. 
In order to obtain a continuation of this series to the present 
time, I have carefully consulted the Meteorological Journal kept 

_ at Cambridge ence Observatory, and have obtained the fol- 
» lowing results 

Number of Auroras recorded each year at the Cambridge Observatory. 
No No. No Y No. Year. 

teak ee 8 a ar 1950. 16. anes 
ll ot eee eee 1860 12 1866 ; . 

1844 6 1850 15 1856 8 1862 0 1868 
1 

1846 15 1852 tt 1858 30 1864 a 

hen auroras were recorded at New Haven which were not 
recorded at Cambridge, I have added them to the preceding num 
bers, and the result is given in column third of the table on 
page 163. In the years 1860, | and 2, no record of auroras was 
preserved at New Haven, and to supply this omission I have 
age for Las years si observations made at Middletown, - 

y f John Johnston. The European observations 
piitiliched in i Vieriehiahnacheit close with 1861. I have 
continued the table to the present time by means of the obser- 
vations published each year in Heis Wochenschrift, confining 
myself to such observations as were reported south of lat. 55° 

ven in column fifth have been projected in a 
_ os at the top of the accompanying Plate. This 

an unmistakable resemblance to the curve of the 
oi spots, gre to that of the magnetic declination. To each 
maximum of the two latter curves there corresponds a max- 
imum of the auroral curve, not always simultaneously, but not . 
oe from it more than a single year except in one or two 
insta e following table shows the departures of the 
adored maxima from the maxima of the solar spots. 

Date. Diff. Date. Diff. Date. Diff. 
1750 —1 year. 1787 : year. 1837 +3 years. 
1761 Gs 1804 1848 —1 * 
1769 ~) bs oa #15 ie 1860 ake 
1778 = 

The c BF ccrcnstanse in Ga times of a is still more 
remarkable as is shown in the following ta 

Date. Diff. Date. Diff. Date. 
1744, «4-1 year. 1784 0 1833 
1755°5 +15 * 1798°5 une’n. 1843 
1766 A 1810 0 1856 

1775 0 * 1823 0 1867 

“4, 
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There are only two instances in which there is any discrep- 
ancy in the times of minima. In one of them (1744) the obser- 
vations of the solar spots are confessedly very uncertain, and in 
the other (1755) the change in the number of obse rved auroras 
rom 1755 to 1757 was only three, so that we seem authorized to 
assert that ass is an invariable coincidence in the times of 
minima of the solar spots and of auroral displays. 

The range of the maxima and minima of auroral displays is 
considerably greater than that of the solar spots, and the obser- 
vations of magnetic declination seem to indicate a similar pecu- 
liarity. There seems then to be no room for doubt that auro- 
ral displays exhibit the ten yearly period of solar spots, but the 
range of the changes on different years is subject to influences 
which may be independent of the sun. 

In order to decide whether this periodicity is exhibited in the 
higher latitudes, I have selected all those observations with 
which I am acquainted which show more scape a hundred au- 
roras ina year. The — is the ta 
Date. Place, Lat. Long. Phan Authority. 

Auroras. 

1820-1 Cumberland House, /53° 56’ wind oe 142 hac (Smith. Cont.), p. 
1820-1\Fort Enterprise, (64 28 [1 142 gd oraagg Cont.), p. ache 
1833-5 \Great Slave Lake, |62 46 : 105 Cs 

38-9) Bossekop, 69 58 | 23 34E) 143 (Vo oye ays "Scandinavie. 
1848-9/Fort Confidence, (66 54/118 49| 122 |Athabasca obs. p. 324-350 
1850-1|Moose Factory, |51 10| 8f 0O| 141 |Am. Jour ur. Sci., [2], XIV, 156. 
1850-1 Athabasca Lake, [58 43 |111 18| 109 |Am. Jour. Sci., [2 Lov 156 
1852-3|Point Barrow, 71 21/156 15| 131. |Phil. aly 1857, p. 497. 

These places are all situated within the zone of greatest au- 
roral frequency, Am. Jour., vol. xxx, p. 89. The observations 
of 1820-1 and 1833-5 were made near the time when the distur- 
bance of the sun’s surface was a minimum; while those of 
1848-9 were made when the disturbance of the sun’s surface 
was a maximum; and those of 1838-9, and 1850-1 were made 

is nearly the same as at ee last three dates. So far as 
any conclusion is warranted from so limited a number of ob- 

in a periodical change in the num mtahar of auroras; and a a 
riodicity in Europe appears to be the most distinct] 
near the parallel of 50 itada: and in New Englan har the 
parallel of 42° latitude. 



166 EF. Loomis on Solar Spots, Maynetic Declination, ete. 

inequality is so marked as to assume the form of a distinct sec- 
ondary maximum. uch maxima occurred in 1774, 1792, 
1794 (if this is not to be regarded as a primary maximum) and 
1864 ; and in several other cases the inequality in the progress 
from a maximum to the succeeding minimum is decided. The 
mean daily range of the magnetic declination exhibits also sec- 
ondary maxima, and generally the small inequalities in the 
eurve of magnetic declination bear some correspondence to 
the small inequalities in the curve of the solar spots. The au- 
roral curve shows still greater irregularities, and it is kabl 

. that an irregularity in the auroral curve often has a decided 

maximum in 1774; also in passing from the maximum of 1778 
to the following minimum the undulations of the three curves 
bear a marke “resemblance ; in the descent from the maximum 
of 1787, there is a secondary maximum of the netic curve 
corresponding to that of the solar-spot curve; in the descent 
from the maximum of 1848 there are correspon undu- 
lations of the sun-spot curve and the magnetic eurve, while 
the auroral curve shows at the same time a well-marked sec- 
ondary maximum ; sad: nearly the same remark is applicable 
to the descent from the e principal maximum of 1860. 

The following ee are thought to be warranted by 

the preceding observ: 
1. Within the zone eee greatest auroral frequency, auroras ar 

. almost daily occurrence in all years, and it is doubtful whathér 
n this region there is any decided periodicity in the number of 
pas displays, although there may be periodical changes of 
brillianey. 

2. At t places where the average number of auroras is about 
20 or 25 annually, the ten-yearly period of the solar spots can 
be distinctly traced. 

3 e times of maximum and minimum of the solar spots 
correspond in a remarkable manner with the times of maximum 
nin in the frequency of auroral ex anak in the mid- 

e latit 

able than thous of the solar sci so that the ten-yearl pe 
riod might be easily overlooked, and it might be ish that 

similar though generally smaller inequalities in the ae of so- 
lar bance or of magnetic declination. 
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Magnetic storms compared with the prevalence of solar spots. 

Since the mean daily range of the magnetic needle is great- 
est on those years in which the sun’s surface is most disturbed, 
we could not be surprised if the range of the magnetic needle 
should prove to be the greatest on those days on which the so- 
lar spots are most extensive. In order to test this question, I 
have compared the extent of the solar spots for 6 days preced- 
ing and 6 days following each of the great magnetic disturban- 
ces at Greenwich for a period of 23 years. In the Greenwich 
observations for 1862 is given an abstract of the magnetic ob- 
servations on 177 days of great magnetic disturbance from 1841 
to 1857; and in the observations for 1867 are enumerated the 
days of great magnetic disturbance from 1858 to 1863, amount- 
ing in number to 45. These 23 years furnish 222 days of great 
disturbance, and I have compared Wolf's numbers represent- 
ing the extent of the solar spots near the time of these dates. 
Having prepared a table with 13 vertical columns, I insert in 
the middle column, Wolf's relative number for one of the days 
of great magnetic disturbance, and I also insert in their appro- 

. . re hose cases in which very few observations of the solar spots 
were made, and a few cases in which there were two or three 

have generally selected the day of greatest disturbance and 
tabl cases of 

disturbance which I have thus employed amount to 185. The 

before the storm, and also 1, 2, 3, etc., days after the storm. The 
horizontal lines indicate the amount of disturbance of the sun’s 
surface as measured by Wolf's relative numbers extending 
from 45 to 58. From this curve it will be seen that the dis- 
turbances of the sun’s surface about the time of a magnetic 
storm, bear an analogy to the waves in our own atmosphere 
about the period of a violent winter storm. We find a well- 
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Spotted surface of the sun near the time of a magnetic storm. 
ea sas the storm. Mag- Days after the storm. 

netic 
676 3 | 2] 1 ||Storm 

1848. Jan. 28, 100 133] 147)| 151 

21, 6 70 20|| 103 
March 17, 80 106| 7 POO is 

18, | 50| 91| 96) 90) 54113 
July 11, 93| 105} 112) 160) 99) 122)| 170 

Oct. 23, 150 0| 70|| 14 
Nov. 17, 2 79 136] 163) 156 

ec. 17, | 129) 141) 133) 133) 1 105 

1849. Oct. 30, 58! 44 34) 61}}. 11 

1850. Feb. 22, 58; 73) 80/122) 154) 55}| 115 

March 31,| 57| 23) 59) 39 67| 37 ao 

5| 86) 14 0 80 

June 13, 46) 15] 132| 133) 147] 129 67 

Oct. 2, 25 5 5|| 55 
1851. Jan. 19, 58} 87| 27) 57} 20) 20 62 

Feb. 18, "9| 78) 46)108) 73! 105 8 

pt.4, | 35) 46] 38/102) 40| 24||} 103 
Oct. 28, 101; 94 3 2| 36 50 

Dec. 6, 79| 87| 81| 46] 47] 38]| 26 
ec. 28, | 76] 60] 30) 10} 71| 23|| 96 

1852. Jan. 4, 94, 47/117) 82) 82) 59 52 

Jan. 19, 7} 60° 40 96|| 127 
Feb. 15, 2) 48 77 
Feb. 20, 7 144; 62) 16] 15)]} 101 

April 26, 62) 64; 34] 53) 51} 38 47 

y 20, | 38] 46] 36] 37] 11) lil] 29 
June 11, | 57) 66] 56 1 11 
June 16, 0} 11] 30). 28 4) 30 
July 10, | 51) 65] 65] 70| 11! sél| 61 

ov. 11, | 48] 10/105} 14} 81/ gsi1|| 78 
1853. Jan. 10, 25! 39) 29) 2" 11 ll 

March 7, | 15} 17] 15] 12 ol] 11 
May 3, 2 0} 11) 14 31 
May 0| 35] 47| 4: 20 
June 22, | 65| 26| 67| 5 11 
July 12, | 35) 45] 48] 7 48 

eh 3| 67| 33] 3 57 
Oct. 25, 48} 49) € 4 44 

Nov. 9, : 22 
Dee. 6, 13} 11] 1: 17 
Dec. 21, 32) 2¢ 3a! 

1854. Jan. 8, 19} 27) 1¢ 25 

Jan. 20, | 13] 14] 16 14 
Feb. 16, | 26] 29] 35] ; 22 
Feb. 24, 17}-11| ¢ 12 

ch 6, {| of} 12] 12) ¢ 0 
March 15,} 11] 34 5} 44 33 
arch 28 E 1L3i..2) 35 

April 10, | 37] 38] 49} 49 54 
April 23, 8} 24] 22 
May 25, | 13} 11] 11] 13 0 

1855. March 12,; 2 2| 38¢.23 12 

April 4, | 12] 16] 17| 17 ll 
Oct. 18, 1 ie) ae 0 

1857. March 13, Oo} Of} 11 0 
. May 1, 1 16}. 16} 16 24 

May 10, | 15} 15) 25] 24 25 
pe 3, -{-39| 27 27] 26 35 

Nov. 12, | 32} 2¢ 24 

Noy. 1 2 24) 24 50 
Dec. 16, | 1 19 

Mean of 61 days obs.|40-6)44-4/46°5/46'1 45-8 42-4 52-4 482} [388 
45°1 Mean of 135 d’ys obs.!47-9150°1'54°8'53-5'62-3 579 
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marked maximum on the day of the magnetic storm; a second 
maximum four days before the storm, which is also pretty dis- 

Solar Spots. Solar Spots. 
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tinctly marked; and a third maximum, more uncertain, three 
days after the storm. The entire fluctuation within a period of 
two days is from 45:1 to 57-9, or 28 per cent of the smaller 
quantity, an effect which is so large and derived from a com- 

rison of so many cases as to indicate a law of nature. Hence 
we seem authorized to conclude Se 

. Great disturbances of the earth’s magnetism are accompa- 
nied by unusual disturbances of the sun’s surface on the very 
day of the magnetic storm; and are, therefore, due to some in- 
fluence which emanates immediately from the sun 

2 e great disturbance of the sun’s surface which accom- 
panies a terrestrial magnetic storm, is generally heralded by a 
smaller disturbance three or four days previous, succeeded by a 
comparative calm which immediately precedes the magnetic 
storm. 

cases for the purpose of confirming a preconceived theory, I 
have taken the entire series of observations made by Messrs. 
Herrick and Bradley at New Haven, from 1887 to 1854. These 
observations are 514 in number, and I have employed them all 
with the following exceptions : 

Jour. Sci.—SeconD Series, Vor. L, No, 149.—Sepr., 1870. 
i ll 
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Spotted surface of the Sun near the time of an Auroral display. 
Days before the Aurora. Days after the Aurora. 

5 3 ‘Aurora!; 1 3 4 5 
1850. Jan. 18, 20 || 20 

Feb. 3, 113 
Feb. 22, 115 || 54 
March 3, 97 || 45 
March 10, 98 || 89 
March 31, 39 |) 27 
April 7, 2) 2 
May 7, 80 || 4 

July 12, 76 |) 3 
Aug. 9, 0 
Sept. 4, 107 || 8 
Sept. 10, 106 || 74 
Sept. 30 5 || 36 ct. 2 55 AC 
Oct. 27, & 
Dec. 26, 58 || 48 

1851. Feb. 18, 78 || 101 
March 22, 81 
March 29, 35 || 53 
une 5, 51 || 44 

June 27, 61 
July 17 30 || 33 
Sept. 4, 103 || 66 

pt. 7, 45 It 69 
Sept. 10, 52 

ct. 1, 14 14 
t. 20, 54 || 13€ 

Oct. 23, 94 
Oct. 28, 50 || 54 1852. Jan. 19, 127 || 10 
Feb. 16, pate 
Feb. 20, 101 || 10 
March 7, 40 5 April 114 || 90 
April 15, 64 || 34 April 22 2s || 1 
May 17, 37 || 1 
June 5, 57 || 6€ 
June 11 || 3¢ 3¢ 
June 16, 30 || 24 4 July 6, 65 || 7 3 July 10, 61 || 34 2 pt. 6, 35 || 6] 2! 
Sept. 17, 15 |j 2: 4 
Sept. 21, 2 | 4 
Sept. 29, 36 || 2¢ 4 
Oct. 5, THB 2 Oct. 20, 89 || 105 
Nov. 11, 73 1 
Dec. 5, 58 4§ Z 

Dec. 13, 28 4 1853. Feb 14, é pé March 14, 24 || : 6 March 27, 63 || i April 6, uae 4 
May 2, 7 lL 
June l, S811 -5 50) 

52 || € 47) July 12, 48 || 9 4s 

Mean of days obs. [48-9|49-sla7-alao-cloas ore 56°3 ||53-2|4 
Mean of 951 days obs,/50-3159-7151-0 51°2'53-1 60-5 log'596 
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1. Those cases in which the observers were not entirely con- 
—— that there was any auroral display. 

Those cases in which the oa observations of 
Pe solar spots were very incomplet d 

ose cases in which auroras were observed on two or 
three successive days, when I have generally selected the most 
remarkable aurora, and made but one entry for that period. 
The number of auroras which I have thus discussed is 251. 

In order to furnish a specimen of these numbers, the table on 
page 170 is given, in which the arrangement is the same as in 
the table on page 168. At the bottom of the table are given 
the averages of these numbers for each of the 13 columns; and 
in another line are given = corresponding averages for the 
whole number of 251 auro 

These final averages are represented by the upper curve line 
in the figure page 169, from which it will be seen that there is 
a well-marked maximum of solar Ftc adian corresponding to 
the date of an auroral display. The small fluctuations during 
the preceding and following days, bear some resemblance to the 
fluctuations attending magnetic storms, but they are so small in 
amount that no importance is attached to them. The entire 
fluctuation within 6 days extends from 503 to 60°5, or 20 per 
cent of the whole quantity; a number so large and derived 
from so many cases that it is ao to indicate a law of na- 
ture. Hence we conclude t 

te 
observations which furnish for each day an exact measurement 
of the extent of the sun’s spotted surface. Such observations 

e 

vi} 7 Bppeere: * | 
for 1869, pp. pila and it is expected that the observations 

ty 
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Art. XVII.—On a new Period in Chronology, called the Precession 
Period ; by J. W. Frencu. (In a letter to the Editors.) 

I PROPOSE in the place of the Julian Period in chronology, 
another which I will call the Prevession-Perio 

This latter will be found to have all the alerting of the 
other without its defects, and is dacs these comparative utilities, 
to have chronological uses of its own which are great and vari 
ous, both for the exwbnnin of eas: and for the vast cycles 
ape by science. 

ns Pariah i in chronology consists of 7,980 Julian 
years, i cae oie being formed by the continual multiplica- 
tion of 28,19 and 15; that is to say, of the cycle of the sun, the 
cycle of the moon, and the eycle of indiction. The first year 
of the Christian Era is made the 4,714th of the Julian Period. 
By such an arrangement we can find for any year its golden 
number, its number for the solar cycle, and that for its Roman 
Indiction. Also, we have a fixed period reaching back in history . 
among the local and broken — of different peoples and 
countries. These certainly are great advantages, and have se- 
cured for that Period acceptance and commendation. 

But some of its defects are these. 1. It has an artificial ele- 
ment, that of the Roman Indiction, instead of having its found- 
ation wholl y in astronomy. 2. It is soon exhausted, and in 
the past, it does not reach far enough even for the Septuagint 
Chronology in history. 3. It furnishes no unit nor cycle for 
seience. 

The period which I ge anne is founded wholly on astronomy, 
is exhaustless by being recurrent, has its initial pom sufficient- 
ly far back for any sun rable historical purposes, gives to sci- 
ence a worthy umit for the vast durations it contemplates, and 
with these inestimable advantages, has the two practical utilities 
of the Julian Period ;—that of giving the elements needed in 
the almanac for every year, and that - extending into the past 
a long and unaltering standard for ti 
I propose to take, as : the iivelioaiae pi the time for the preces- 

sion of the equinoxes, 25,872 years. By a singular felicity, that 
number can be formed from the factors 28, 84, and 11. Now 
28 is the number of the solar cycle; 84 is a lunar cycle em- 
ployed formerly by the Jews, and havi peculiar uses in esti- 
ma ong series of lunations. The oth i 
nar cycle employed by the early Christians, the errors of whieh 
_ exactly counteract those of the cycle of 84years. These 

e multiplied together form 25,872. A subordinate felicity 
will at once be seen by a complete mathematician. The num- 
ber 25,872 can be divided and subdivided to the last, without a ré- 
mainder, by a large number of divisors. 
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Making the years Gregorian, and calling the initial year of 
the Christian Era, 0, J place the beginning of the Precession Period 
at 12,693 B.C 

Instantly we have by that arrangement, the advantages which 
have brought the Julian Period into favor. 
We can find the solar cycle, the golden number, the Roman 

Indiction (correctly as. we would from the J ulian Period) by 
the following simple rules: 

1, To express any year before or after Christ in the corres- 
pondent number in the Precession-Period: For any year ge 
Christ, deduct from 12,693, the figures of the year B. C.: 
any year after aay dd to the same number (12,698) the fig- 
ures of the yea 

Thus 752 B. ©. “a 58 historical reckoning) is 11,941 P. P. The 
present year 1870 A. D. is 1,870+12,6938=14, 563 P. P. (We 
use P, P! as abreviation for Precession-Period. 

2. To find the Golden Number, Solar Cyele, and Roman In- 
diction for any year before or after Christ: 1. Turn the year “a 

manac for this year, I find the answer correct. Tt ; 1ves the 
mang Number as 9, the Solar Cycle as 3, the Roman Indiction 
as 

The See war: has then in this particular, equal util- 
ity with the Jul 

The other aivisieats that of a fixed standard of time ex- 
tending back in past history, it possesses, and adds the great 
benefit of adequate length in bot eho. to ve 693 B. C., 
and on to 13,179 A. D.: the whole forming on e precession. 
And this precession is not like the Julian Period, an arbitrary 
straight line stretched over a small portion of duration. It is 
a definite circle marked on the face of the heavens. The pre- 

od 
point of ayer When the wholé Saas of the Toiise is 
swept, and the first degree of celestial longitude is again by 
Spica Virginis, the period is completed. 

Surely it is better to adopt such a period for our almanacs 
and histories than the inferior one called the Julia 

ut beyond the historical and chronological ae in the sub- 
divisions of the Precession-Period, are the advantages of that 
period as a unit for Astronomy and Geology. We want a unit 
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larger than the year. A precession is a good one. Instead of 
cumbering a line of page with bewildering cyphers we can say 
40, 100, or 1,000 precessions. Thus 40 precessions (and forty is 
a number easily remembered) would, by another felicity of this 
period, make a million of years, with a little over. We might 
call it a millionade, and give that again multiplications to form 
an age. An “age” might be 400 precessions. 

Should we adopt any thing like this plan, we should have the 
same delightful surprise which we often experience, by finding 
that ancient races and nations have been along the same path- 
way which we imagined ourselves to be for the first time break- 
ing and exploring. Six days, such as are His, who in His times 
as in His nature, must be what others are not; six immense 

West Point, June 7, 1870. 

Art. XVIII.— Upon the Atomic Volumes of Solid Compounds ; 
FRANK WIGGLESWORTH CLARKE, 8.B. 

IN studying the atomic volumes of solid compounds, the 
materials at my command have been in some respects quite co- 

pious, and in others quite limited. Having been unable, through 
lack of opportunity, to make any new determinations of spe- 
cific gravities, I have been forced to content myself with the 

ta which are scattered through the various scientific publica- 

studied with much certainty; while for other compounds only 
single observations of specific gravity have been made, and 
these often with no pretence to ngid accuracy. 

Here then at the very outset is a difficulty. If a substance 
has a very low specific gravity, and a very high atomic weight, 
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a minute error in the determination of the first value must, in 

for 
stance, with Melene, CaH¢, an error of pee 0 4 j in the specific 
gravity will alter the atomic volume about 24:00. And it is very 
common to find the determinations of specific gravity for a single 
er oe differing more than 0°04. And, as I have — 

tal error. For this purpose, instead of directly comparing the ac- 
tual atomic volumes with the results of theory, I have preferred 
to compare the specific gravities calculated from the latter with 
those really determined by experiment. Even here much care 
is needful, since errors are more likely to occur with some com- 
pounds than with others. Thus, there is much more danger 
of error in determining the specific gravity of anhydrous mag- 
nesic chlorid, than in taking that of baric sulphate. 

Furthermore, many different modes of taking specific gravity 

their melting point, an others distant therefrom. Neverthe- 
less, in spite of all these pombleiet of error and chances of 
irregularity, one curious series of relations between atomic 
volumes are easily demonstrated; which, taken together, hint 
strongly at a es a more general theory of atomic volumes 
oe pe hitherto been enunciated. 

to begin with, we ca a brief resumé .: seen points 
mits ‘have been demonstrated by other observ 

First comes the axiomatic statement of Schrider that the 
atomic volume of a compound must equal the sum of the ato- 

the sums of those of the free elements composing 
them, many other compounds have values lower than such sums, 
thereby indicating condensation. And some iodids have ato. 
mic volumes greater than the sums of those of the eae and 
the iodine. So here arises the question,—when a compound 
possesses a 1 greater or less volume than the Fest contained 
in it doin the free state, do those elements condense or expand 
in Pheer or in different ratios? It is really upon this ares that 

tudy of atomic volumes hinges; so that, stripped of all 
Bilichyaical notions of atoms and spheres of heat, the subject 
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simply concerns the distribution of the changes of volume un- 
dergone by the various elements in uniting to form compounds. 

Second. It has been shown, most definitely by Schroder and 
Kopp, that, in many cases, when from the atomic volumes of 
certain series of salts, oxyds, &c., we subtract the atomic volumes 
of the respective metals contained in them, we obtain constant 
remainders which may be regarded as representing the values of. 
the various radicals and of oxygen. Thus, if from the atomic 
volumes of one class of oxyds we remove the values of the metals, 
we obtain the remainder 2°6. With other oxyds we get 52, and 
with still others, 10-4. ese are provisionally regarded as the 
atomic volumes of oxygen in its solid compounds. These dif- 
ferent values for a single element are of course natural conse- 

again. 
Third, wecome to some results which I myself published 

rather more than a year ago.* In my last paper upon this sub- 
ject I pointed out some curious multiple relations connecting 
the atomic volumes of similar solid elements. For the proofs 
of these relations I must refer to the above mentioned paper, 
but the values for the elements themselves I am obliged to cite 
here for further reference. I give the values for solids only. 
Li 11-4, Na 22°8, K 45‘6, Rb 57-0. These stand to each other 
as 1:2:4:5. I 25-6, T1172, Ag and Au 102. 

Here arises an interesting question. The atomic volumes of 
Ag and Li are quite near together. But the specific gravity of 
lithium was determined comparatively near the melting point of 
that metal, while that of silver was taken at a temperature 
greatly removed from the degree at which it fuses. Now melted 
silver, according to Playfair and Joule, has the specific gravity 
‘206; and consequently an atomic volume of 11°7, nearly that 

of solid lithium. May not these two metals then, under simi- 
ar circumstances, and at strictly comparable temperatures, be 
supposed to have equal atomic volumes? 
O 2°6, 52,104 S104, 156. Se 104, 15°6(?7) Te 20%. 
This value for S is that of the octahedral variety, prismatic 
a * This Journal for March and May, 1869. 
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sulphur having 163—16°7._ Amorphous selenium has an ato- 
mic volume of 18°6. 

Ca, 25°8. Pb, 1 
As and P 12 9, Sb. 17 ‘2, Bi215. These stand as 3:4:5. 

This Pace for P is that of the so-called “metallic” plore 
Com ae us has an atomic value of 16-9—17-0, (per- 
haps ‘UT 2, like Sb?) and the ordinary red modification 13-9— 
145. Amorphous arsenic has the value 15°9. Bo 4:1. Van- 
adium in my last paper I calculated theoretically from the ato- 
mic volume of one of its oxyds, making it equal to As an 
P. Since then, however, this idea has been overthrown, Ros- 
coe having determined the specific gravity of the metal itself 
This, 55, gives an atomic volume of 9:4, which differs widely 

* from my supposititious value, and bears no definite relation 
which I can see, to those of As an 

C {eraphite), Cae co 10. Tr 1 0 (2) Sn 165. These stand 
3. C (diamond) 3 4 Zr 21-7 (perhaps 22°0, or 

Cr, Ma, Fe, Co, Ni, U,* and Cu, 6-9 
2 Pt, Ir, Os, Pd, Ru, and Rh, 9-2 | These four values stand 

and W, 115 as 8:4:5:6. 
ca Mg and Hg, (solid) 13° 
43,+ Al 10°1— acs, Linas 30°9, Ce 16°7, In 10°2. 

have aod been traced by others. First, the alums have ee 
atomic volumes. To the evidence which has been cited by 
other Eadie th in proof of this, may now be added the ato- 
mic volumes bidiunt and cesium alums, whose specific 
padetl toni aed by. Ned tabiches show that they follow the 
rogole ule, , anumber of similar = meni oo ae 
"aa of Zn, ee Fe, and Mn, have equal atom e volum 

Tint a similar relation connects the vitriols wit aq. This 
series is especially important, since it contains the sulphates of 
Fe, Ni, Co, Mg, Zn, and Cd. Fourth, the oxyds allied to Gah- 
nite, with the general formula MO, M,0,, are, with one or two 
exceptions, equal in —— volume. Fi fth, many correspond- 
ing phosphates and arsenates have equal values. Other series 
have. been traced here se on but these are perhaps the most 
striking. 

Now, in the first place, we may lay it down as a general rule 
that when two similar elements have equal atomic volumes, the 

* Possibly this may not belong in this group, but its equal atomic volume be 
merely a coincidence. The values of some of its compounds suggest this idea. 

AS in ulated from the lower atomic weight for Gl. In my last paper I used the 
igher. 
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atomic volumes of their corresponding compounds will also be 
equal. Of the truth - this I will cite a few examples, and 

tempt to illustrate the principle, and afterwards bring the excep- 
tions under another rule. 

Barium and strontium. Sr Ch, sp. gr. 2°8033, Karsten. Ba Ch, 

3°704, Karsten. At. vols., 565 and 56:2 
Sri, 4-415, Bédeker. Bal, +917, Filhol. At. vols., 77:3 and 

795, Sr H.O,, 8aq., 1:396 Filhol, Ba H?O,, 8 aq., 1°656, 
Filhol. At. vols, each 190-2. 

The sulphates and nitrates, bromids, carbonates, and simple 
hydrates, are either doubtful or exceptions. In all these 
cases the compounds of, Ba have the highest values. 

fron group. Here ae are ~ abundant that I will only 
mention a few. MnO sp. gr., 5°38, P. & J.* NiO 5597, P. 
& J. CoO 5597—5- 750, P. & J. “to 10°15, Ebelmen. CuO 
ah vara At. vols, respectively, 13 ‘0, 18-4, 138°0— 
3° 4,1 

305 4-950, PO & 2. pit ahh oe 6185, P. & J. “Ni Os 
4814 Pe Co,0, 4°814, P. & J. At. vols., 30°7, 3171 
— 34-2, 84°4, 34-4. Mispickel 'FeS,, FeAs, 6°0—6-4 Gers- 
dorffite, N iS, NiAs, 56—6°9. Cobaltite, CoS,, CoAss, 
60-63. At vols., 50-°9—54°3, 48°1—59-2, 52°6—55°3 

FeS 5-035, P. & J.: NiS 5 650, Rammelsberg ; 4601 Kenn- 
gott. CoS 5-45. At. vols., 175, 161-19 7, 16°7. Exceptions, 
MnS and CuS, having sp. grs. 3 ‘95, Dana’s Min., and 4°163, 
Karsten ; and at. vols., 21°8 and 22-9. It is worth noting 
that these two sulphids stand at the ends of the series; 
po and US, being (if they exist), wholly unstudied in this 
irection 

One more striking exception may be found by ga sh 
"eS,, MnS,, and CoS,, whose atomic volumes are very 

similar. 
Platinum group. 2KCl, PtCl,; and 2KC), IrCl, Sp. grs 

Bédeker, 3586 and 3546. At. vols., 136-2 and 1379. 
PdP, and PtP, have unequal values. 

Molybdenum and tungsten. It has bah proved by other author- 
ities that MoO, and WO, have equal atomic volumes. 

Cadmium group. CdO 69502, Karsten. HgO 11:344, P. & J. 
At. vols., 18-4 and 19°0. MgO has an a value 
which will be studied in another connec 

Phosphorus and arsenic. CusP 659, Hvoslef. CuAsT -62, Genth. 
At. vols., 33°6 and 34°9 
P.O; 2°387, Brisson. AsOs 4 he Filhol; 3°7842, Karsten. 
At. vols., 595 and 54:1— 

* Playfair and Joule. This is the eh abbreviation of the sort which I shall 
have — to bodied When I give no authority for a specific gravity, it will 
be foun + Mine eralogy,” last edition. : . 

oe 
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Phosphates and arsenates have been compared by others, 
Where their values differ, that of the arsenate is the highest. 

Silicon and titanium. The acids of this group will be cited far- 
ther along. Fayalite, 2FeO SiO, 4° oe 2FeO TiO, 4:370 

a definite exception is found in ae 2KF Sif, ; 
sp. 2°6652, Stolba; and 2KF TiF,, 2080, Bodeker. At 
To 82°5 and 116°. 

These examples will suffice for the present, although I shall 
have occasion to cite others to illustrate another poin on 
comparing all the material which I have collected, I find the 
exceptions to be quite rare, although, perhaps, I have given 
them undue prominence here 

Second,. similar compounds of similar metals often have 
equal atomic volumes, even when those of the metals them- 
selves are unequal. The corresponding compounds of the iron, 

Of the rule ander sorters however, the most striking 
case hitherto adduced is that of the vitriols. As I have already 
stated, the sulphates with 7 aq. of Fe, Ni, Co, Zn and Mg, have 
equal atomic volumes, while the double salts of the same class, 
containing in addition to the above metals Cu and Cd, follow 
the same rule. similar regularity connects the anhydrous 
ete of most of these metals. But an equally remarkable 
series is formed by the chlorids of the same metals, which, of 
the formula MCl,, have, as far as they have been studied, 
atomic volumes Siok are very nearly equal. If we present 
these chlorids in tabular form, taking the average of their ob- 
served atomic volumes as the real value, we shall find that the 
variations from their average are wholly within the limits of 
experimental error. 
ae Sp. gr. 2°528, Filhol. At. vol., found, 50°2 ( Sp. gr. cale., 2-668 
mic 2°560, Schiff. 507 2°726 
CoC, “ 2937,P.&5. * we co YS 136 
CuCl, “ “ “ 44:0 oe te 2-895 

ZnO, (4 os ‘Bodghee. # “49-4 } Mean, 47°6.4- “ 9 9-857 
Pls; * 68 = ART ee 
Mg(l “ 2117,» “ “43-6 r+ 1996 
CdCl,“ 3.6204, Backer, " See hs oe ee Rae 
HgCl, “ 2, Karsten, “ be 5071 lL 4“ t 5 693 

Now, if we ri into account the difficulty of obtaining per- 
fectly 1 accurate determinations of sp.gr. for some of these sub- 
stances; and also bear in mind that for most of them only sin- 
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gle observations have been made, it is clear that hats variation 
from equality may be ascribed to errors in experim e 
extreme difference in atomic volume is from a mininium ‘of 43°6 
to a maximum of 50°7. It is not rare for an equal divergence 
to occur between different determinations for a single substance. 

Again, although chlorids, bromids, and iodids have unequal 
atomic volumes, those of similar chlorates, oe and 
iodates are equal,—at least as far as we have any dat 

Shu ae sp. er : ‘289, Bodeker. NaBrO,, 3:339, an NalO,, 

4277, mers. At. vols., 465, 45-2, and 4 
KCIOs,, sp. st, 3 305, Buignet. KBrOs, 3-271, and E10, 3°979, 

Kremers. At vols., 52°7, 51°1, and 53:8. 

Most similar compounds of silver and sodium have equal 
atomic volumes. ‘This holds true of the chlorids, bromids, and 
iodids (as will be shown in another connection hereafter), and 
of the sulphates, chlorates, nitrates, and probably carbonates. 
The sulphids and oxyds are exceptions. 

Some compounds of As, Sb, and Bi, have equal values. 
As,03, sp. gr., 3°695, Gathoutt: 3°884, Filhol. Sp,Os, 5°11, Terreil ; 

5'78, Bo ullay. BhOy 8-079, P. & J.; 8450, Leroyer & 
Dumas, At. vols, 51 053° 6; 50 5—5T- 5 Be ‘and 65:4— 
57°9. 

In the carbon group compare certain oxyds. 
Si0,, 2-663, Deville. TiO, (artificial anatase) 3°700, Hautefeu- 

ille. SnO, 6720, Daubrée. At. vols., 22-5, 22 2 and 22°3. 

Would space permit, I might go on multiplying examples to 
an almost indefinite extent; but my object at present is merely 
to illustrate certain principles. There are other regularities yet 
to be noticed. The first of these is comparatively unimportant, 
and I will merely state it as it is, without adducing any evi- 
dence. All sulphates have atomic volumes which are lower than 
the sum of the metallic oxyds andthe SO,. That is, the value 
for MnSO, is less than the sum of those of MnO and SO, To 
this rule I have found no exceptions. Whether a similar rule 
holds good for chromates, molybdates, and tungstates, I am not 
certain; the materials at my command being too limited to set- 
tle the question. 

nother regularity is more remarkable. It is ws 
that certain oxyds and sulphids have atomic v 
are lower than those of the metals contained in pe Now, in 
a number of cases, I find that. those atomic volumes equal ha 
the sum of those of the metal and the other element, “provided 
that S=15°6, and O receives its highest value, 10-4. I give oxy- 
gen this value, for this reason. ~ Many sulphids have atomic 
volumes, as I have already stated, equal to the sum of those of 
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the metal and sitet . “eg free state; so that it is prob- 
able that some oxyds follow the same rule. 10-4 being the 
highest number for aye yer it likely that that is the 
true value for this element in those oxyds corresponding to 
the above mentioned sulphids. 

Now, two sulphids appear to follow this rule, viz: NaS 
and K,S, whose sp. gr., given by Filhol, Pe 2 respectively 2-471 

and 2°180, At vols, 81:6 and 61°6. Now ——— 6 204: 
na 2458) 4158, 

=53°4. If these theoretical atomic volumes 

are true, fe the sp. gr. of Na,S will be 2549, or 0-078 greater 
than the value found ; while that of K,S will be 2 ‘059, varying 
0-071 from Filhol’s number. These variations are wholly with- 
in the limits of error for such compounds. 

But the results obtained with four oxyds are more striking. 

MgO. Sp. Be 3-200, Karsten. At.vol. 12°5. St!*—12-1. Error 0-4 

CaO, $181, « 1ry, S181. “ 0-4 

SrO. “ 4°611, Filhol. * 904, Sl a99'3em: “ 6-05 

Al,O,. “ 8°928,Ebelmen. “  25°9, *2@t8000_95-8.« 9-1 

As oxyds of barium, sodium, and potassium, do not follow 
this rule. 

One more regularity traced, and I am done. If my views 
concerning multiple relations are correct, and all the values for 
oxygen and sulphur are multi a of the lowest, then we must 
expect that compounds formed by the union of these elements 
will have atomic volumes which are also multiples. Now, sul- 
phuric anhydrid, SOx, has, according to Buff, the sp. gr. 1-909 
at 25°, and according to ‘Baumgartner 1-975. Its atomic vol- 
ume, then, is from 405 to 41:9. And 41°6 is precisely four 

The chloride, it gest oe iodids of the “i metals and 
silver, seem to afford a ar example. In of m 
vious papers I showed that ey a values for Ch Br, an om 
ey liquid ba em were almost exact multi tiples of his num- 

‘H, poravens ss J judg ng from analogy, it is likely 
that these elements in their unds would follow a 
similar rul the — ie Ag, have 
saree volumes which do not v eatl m multiples o 

n accordance with what we should expect, their 

cumstance cannot be ascribed to accident. 
I present a tabular view of this regularity, 
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LiCl. Sp. gr. 1°998, Kremers. At. vol. found, 21°3. Cale., 22-0. Sp. gr. cale.,1'932 
“ ‘“ 27:2 “cc 27°5 ‘ be 2°127 NaCl 2°145, Buignet. ff : 

KCl “ 1-945, Kopp. Z “ 383 % 385 6 & 16935 
AgCl “ 5-130, Herapath. “ “ 9879 « 875 4 5818 
Nabre.* 3-079, Kremers. ‘ WS Baa SD SRO : gests a 2 | 
Beer a 2°672, P. & J. e “ 445 44-0 as “ 2°704 
AgBr ' *8-6°0. ie 4 32-3-32'4 ' - 33:0 B69 

al = 3-450, Filhol. a pe ol Oy 0 i & —3°409 

* 3°056, Filhol. “ oe reeaa. 60 sap &~ S018 

Agl ~ 5-350, Schiff. 4 Wigs ABO geo %e “6341 

chlori 
greater than bromids. These regularities in difference between 
chlorids, bromids, and iodids, however, do not appear so dis- 
tinctly in other series of them. 

. Now, to sum up the important relations traced in this paper, 
bearing in mind that in many cases exceptions exist. 

First. When similar metals have equal atomic volumes, those 
of their similar compounds will also be equal. 

Second. Metals whose atomic volumes are unequal, but sim- 
ply related to one another, often form similar compounds hav- 
ing equal values. : 

Third. Some compounds have atomic volumes which stand 
in very simple relations to the sums of those of the free elements 
which form them. 

Fourth. Compounds formed by the union of similar elements, 
have atomic volumes which are multiples of the lowest for that 
group. 

And, fifth, we may add the multiple relations traced in my 
former papers, which not only connect the atomic volumes of 
different elements, but the various values for each single ele- 

m ’ ? 
established by them, it seems to me that one is decidedly hinted 
at. May we not say that in all compounds, the atomic volume 
of every element will be either a perfect multiple of the lowest 
value for that element, or of the lowest value in the a to 
which it belongs? Although this theory cannot be regarded as 
entirely proved, it certainly possesses a considerable degree of 
probability, and seems to harmonize well with the re ities 
which I have pointed ont. But why an element should have 4 

' 
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higher value in one compound than in another, remains to be 
accounted for, although upon this point, perhaps, Buff’s idea 
that the different degrees of quantivalence of an element in its 
various compounds, cause the differences in its atomic volumes, 
may prove correct.* 

But at all events, whether the theory which I put forward 
turns out true or false, it may, perhaps, by lending some system 
to the study of atomic volume, pave the way for something of 
greater value. 

Boston, May 30th, 1870. 

period in the mean motion of the Moon; by Stmon NEWCOMB, 

[Read to the National Academy, April, 1870.] 

ART. XIX.—Considerations on the apparent inequalities of long 
B 

THE problem of determining the motion of the moon around 
the earth under the influence of the combined attraction of the 

it successfully completed in its simplest form, in which the earth, 
the moon, and the sun are considered as material points, mov- 
ing under the influence of their mutual attractions. The satis- 
factory solutions are due to the genius of Hansen and of De- 
launay. orking independently of each other, each using a 
method of his own invention more rigorous than had before 
been applied, they arrived at expressions for the longitude of 
the moon which, bane compared, were found to exhibit an av- 
erage discrepancy of less than a second of arc. No doubt could 
remain of the substantial correctness of eac 

The solutions here referred to exhibit only inequalities of 
short period in the motion of the moon, But, it has long been 
a, from ict hs ae er the mean motion of the moon is 
subject to a nt changes of very long period, and especiall 
to pete ocslaeiunn fy seh % artes gradually Riscbas- 
ing, from century to century, since the time of the earliest re- 
corded observations. If we eee into the problem of these 

iti i all find it seemingly no nearer 
a final solution than it was left by La Place, observation 
having since added more anomalies than theory has satisfacto- 
rily shown to exist. 

The first inequality in the order of discovery was the secular 
acceleration. This was discovered about the middle of the last 
century by a comparison of ancient eclipses with modern ob- 

* See Buff’s paper in the Annalen d. Chem. u. Pharm., 4th supplement 
1865-6, Or, see his “Grundlehren der theoretischen Che sae pplement vol., 
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servations. Its cause was first discovered by La Place, who 
showed that it was due to the effect of the action of the planets 
in changing the eccentricity of the earth’s orbit. 

The results of his computations agreed substantially with ob- 
servations, and was therefore received with entire confidence until 
less than bialp hs years ago. The question being then taken up 
by Mr. John C. Adams, this eminent mathematician was led to 
the conclusion that La Place’s result was nearly twice too large. 

The same conclusion was reached independently by BS 
and gave rise to a remarkable discussion, the history of w 
is too familiar to be now recounted. It is now ee that 
the bent found by Adams and Delaunay is nai Hi correct. 

w result no longer agreeing with observation, the dif- 
ference te is now accounted for by an increase in the length of the 
day. That this length is increasing is also known from theoret- 
ical considerations, but the data for its accurate determination 
are wanting. 

dima ‘51 [or 15°39] sin (2 ND) +2) —3n0) 
Tf, in this ee ears: we substitute Hansen’s values of the 

elements, it becom 
Gi 5" i sin [173° 26’4-(1° 57-4) (#—1800)]. 

When in 1811 Burckhardt constructed his tables of the moon, 

e time and place when the discordance referred to was first distinctly attrib- 
set to the tidal retardation of the earth having been =* ae ter of dsensio, the 
following extract from an article on “‘ Modern Theore N 
American Review for October, — cl, ge P. vn may not be —— of interést. 

theory is the 

the conclusion, that rtion of the acceleration from some other cause 
than the attraction of gravitation, or the length of the creas- 

an extent W. e ptible from the cause to which we have 
already referred [the tidal ee p. 374]. as centuries roll by, the day 
shoul crease a move a little farther of a 
be p<, ace sould ce, in our calculations, we sup- 

posing an increase of some’ : 
Pere lenath ot the Gene anid al cictomponstiogs Ghadeainer the Gees ase 
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he omitted the sun’s perigee from this argument by the author- 
ity of La Place; himself, who now attributed the inequality to 
a difference of compression between the two retin of the 
earth. The function was also changed from sin to cos and the 
coefficient altered. The adopted term thus ioe he 

df= —12''5 cos [291° 57'+(2° 0'45)(t— 1800) 
= 125 sin por? 57'+(2° 0/-45)(t—1800) 

Succeeding investigators have regarded the theoretical coeffi- 
cients of both of these terms as insensible. It does not seem 
likely that there is any such difference between de two terres- 
trial hemispheres as could produce the second, but I am not 
aware that the coefficient of the first has ever been shown to be 
insensible by any published computation. This coefficient is 
of the ninth order and the argument is, 

In aoae s notation, oe 2i— 1+30; 
In Hanse —3w 

The period is 184 years, and the ice. cals, of the ratio of 
this period to that of the moon itself might render the coefficient 
sensible. Both Hansen and De aunay pronounce it insensible, 
but neither publish their computations of its magnitude. 

These terms have ceased to figure in the theory of the moon 
since Hansen ‘saad that the action of Venus was capable 
se eosin ag inequalities of the kind in question. So far as I 

ware, Hansen’s first publication on this subject is eet found 
in sg 597 of the Astronomische Nachrichten (B. 25, S. 325.) 
Here, in a letter dated March 12, he alludes to La Place’s coeffi- 
cients, and says he has not been ‘able to find any sensible coeffi- 

cient for La Place’s argument of long period. But on examin- 
ing the action of Venus on the moon he found, considering only 
the first power of casa: force, the following term 1n the 
moon’s mean longi 

ee a 01 sin (—g—16g'+189"+35° ee 
g and g” being the mean anomilies of the moon, the earth 

Ae Venus respectively. As this expression still ‘failed to ac- 
inne Ss ae observed variations of the moon’s longitude he 

my roximation to the fourth power of the dis- 
Sabine & Big found that the terms of the third and fourth 
order increased the coefficient to 27-4, the angle remaining un- 
changed, so that the term became 

27-4 sin (—g—16g'+189"-435° 20’), 
But this increase made the Sieosy rather worse, and the term 
depending on the argument of Airy’s equation between the 
earth and Venus was then tried with the result— 

31 = 23-2 sin (8g” —13g’4+315° 30’). 
The introduction of this term seemed to reconcile the theory 
with observation. 
Am. Jour. Sci.—Srconp Srrizs, Vor. L, No. 149.—Sept., 1870, : 12 
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Hansen finally remarks that these values of the coefficients 
are still subject to some uncertainty from his not having em- 
ployed mpanitie enough in his computation 

In a letter to the Astronomer Royal, published i in the Monthly 
Notices of “the Royal Astronomical Society for Nov. 1854, Han- 
sen gives a statement of the elements employed in 2 tables of 
the moon, and refers to the subject of these inequalities in the 
following terms :— 

“The accurate determination of these two inequalities by 
theory is the most difficult matter which presents itself in the 
theory of the moon’s motion. I have on two occasions and by 
different methods sought to determine their values, but I have 
ooeenes results sera different from each other. Tam 

= ee ain engaged with their theoretical determination by a 
met which I have simplified, and hope to bring the opera- 
tion to a definitive close. I have also applied to my tables 
some coefficients which are not free from empiricism but which 
I can justify by the circumstance that they represent the ancient 
as well as the modern observations with great exactness, and it 
may be expected that they will represent the future observa- 
tions equally we ell.” 

Hansen’s lunar tables were published in 1857. 
The terms of long period finally adopted are 

15'"34 sin (—g~—16E+18V+30° 12’) 
+2148 sin (8V —13E+274° 14’), 

V and E representing the mean longitudes of Venus and the 
earth. nging them to mean anomalies the terms become 

15°34 sin (— oe Bae 36’) 
421-47 sin Gefeia “4° 

It appears that while the first em bn been restored to what 
was substantially its original value, when only the first power 
oe the oe foree was included, the argument of the second 

as been changed by 50°, the coefficient being but slight- 
ly "changed 

Ina letter to the Astronomer Ro al, dated 1861, Feb. 2d, 
found in the Monthly Notices for a en 1861, Hansen again 
refers to this second term with the statement that its coefficient 
is one of those somewhat empirical. At the same time he has 
found the coefficient, by his last theoretical determination of it, 
by no means insensible, like Delaunay. He adds that in the 

- comparison with observation he has never gone beyond Brad- 
ley, — his tables satisfactorily represent the ancient 

A well etal feature of Hansen's published works is the co- 
piousness and perspecuity with dak his theoretical calcula- 
tions are laid down. But, so far as I am aware he has never 
published any computation of these inequalities except that 
part of the first rs which depends on the first ee of 

SSS ee SSS 
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to the first per his result is 
2 sin (—J—167'+187"4-35° 20-2) 

a result potas identical with that of Hansen. The ulterior 
approximations change it to 

16-34 sin (—J—16/++-187"+-35° 16'°5), 
so that they increase the coefficient instead of diminishing it as 

- In Hansen’s theory. e difference is however so small that 
the results may be regarded as identical. 
But, in the case of the second inequality instead of reproduc- 

ing the result of Hansen, he finds a coefficient of only 0-27, a 
tity quite in significant in in the present state of the question. 

Wel have thus an irreconcilable difference on a purely theoreti- 
cal question. 

I propose to inquire whether we have in either theory an en- 
tirely satisfactory agreement with observation. As a prelimin- 
ary step to this inquiry I have prepared the following ‘ehte of 
the mean longitude of the moon from the tables of Burekhardt 
and of Hansen respectively, for a series of equidistant dates, the 
interval being 86525 days, and the epoch 1800 Jan. 0, Greenwich 
mean noon. ese dates are marked by the year near the 

Next is given the acceleration of the mean temgibads deduced 
from Table xLvint. The inequality of long period is from Table 
xLix. The sum of these ae quantities gives the corrected 
mean longitu 

Hansen's ee longitude and secular acceleration are deduced 
in the Page way from the elements given on page 15 of his 

ables de la Lune. His terms of long period are deduced from 
Tables XLI and XL, ae aa constants es ate and the re- 
mainder reduced to are by being mu tiplied the factor 
0004703. The iat column'of the ele gives the « 

this difference is really the mean difference ‘ors: the 
longitudes of the moon deduced from the two tables is shown 
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by its agreement with the known difference at particular epochs. 
At the end of the British Nautical mA for 1862 is teas a 

° gen 
both tables agreed with observations, shows that the difference 
of mean motion is certainly affected with no sensible error. 

Burckhardt. Hansen. 
Year. L |) Sec. | Long | Corr. Mean tT Sec. ) Long. Mean | H.-B. 

0 Var. | Period. Longitude. 0 Var. Period.| Longitude. 

Ls aN ie 2 “ 7 itde > Passion ED | Mimosa Gn ee i Pe aX eo eo ee, 
1630/1000 19 28°0/+ 4°9/— 8°0'100 19 24°9/18 14:4) +38°5}—21°4/100 18 31°5)—53~ 

40/347 6 45°4/+ 3°6)/—10°8.347 6 38°2) 5 36°3/4+34°1/—20°0/347 5 50°4/—47- 

50\233 2°7%i\+ 2°5)—12°3|233 53 52°9152 58°3!14 30°0|—17-2/223 53 11°1/—31- 

60/120 41 20°1)}+ 1°6/—12°3/120 41 9:4/40 20-3) + 26-1/—13-1/120 40 33°3|—36° 
70| T 28°37%-4\+ 0-9|—10° 7 28 27-5127 42°21422-51— 81] 7 2% 56°6)—30* 

80|254 15 54°8)+ O-4|— 8°0/254 15 47°2)15 4°2)4+19°2|— 2°3/254 15 21°1/—26° 

90}141 3 12°1)+ O1;)\— 42/141 3 7-8) 2 261/4161/+ 3°9)141 2 46:1)—21° 

1700) 27 50 29°5)+ 0°0/+ 0:2) 27 50 29-7/49 48°1;+13-3/4+10°0] 27 50 11°4;—18°% 

10\274 37 46°8)+ O-1/+ 4°4/274 37 51°3/37 10°0/+10°8!415-6/274 37 36°4,—14' 
20/161 ‘2}+ O-4/+ 8°3)161 25 12°9/24 32°0)4+ 8-5)+20°5/161 25 1°0)—11° 

0} 48 12 21°65) + 0°9/4+11°0| 48 12 33-4!11 59-9 65 4-3 48.12. 24:7) — 8° 

40/294 59 38°9)+ 16, +12°4 294 59 52°9/59 15°91 4+ 4:8) + 264/294 59 47°1)— 5° 

60)181 47 56°2)+ 2°5 +12°2 181 47 10°0/46 37°9}+ 3°3 +26-9/181 47 81|— 2° 
80 68 34 13°6/+ 3°6'4+10°6) 68 34 27-8/33 59°8/+ 2°1/425-7| 68 54 27°6)/— 0° 

70|315 21 30°9)+ 4-9\ 4 78/315 21 43°7/21 21-814 1°2|4+22-9)315 21 45°9)+4 2° 

80|202 8 48°3\+ 6-4/4 3°9)202 586] 8 43°7}4+ 0°5)/4-18°5)202 9 27/+ 4 
88 6} + 8-1|/— 0-4} 88 56 13°4156 571+ 01 +328) 88 56 18°6|4+ 5° 

1800/335 43 23°0'+10°0|— 4°7|335 43 28°4143 27°" 0-0} + 61/335 43 33°8}+ 5-4 f 
10}222 30 40°4/+12-1|\— 8°3|222 30 44:2/30 49°6)/+ O-1;/— 1°1\222 30 48°6|4 4° 

20;109 17 57:8) + 14:4|\—11-0}109 1:2/18 11°6}+ 0°5|— 8-4/109 18 3°7/4+ 2° 

30/356 5 15-2|/+16-9|\—12-4)3 ‘| § 33°5/+ 12|—15-4356 5 19°3|— 0+ 
40/242 52 32°5)+19°6)—12°2/242 52 39-°9/52 55°5'+ 2°1/—21-6/242 52 36°0)— 3°S 
50|129 39 49°9| + 22°5|—10°6)129 40 1°8'40 17°5/4 3° 26°5|129 39 Bi Tt 

60] 16 27  %2)4-26'6)—." 16 27 25°2\27 394)4 4°8|—29-8| 16 27 14-4)—10° 

70|263 14 24°6)+28°9|— 3°8/263 14 49°7/15 1-4/4 6° 31:3/263 14 36°6|—13'1 

Burckhardt’s tables have been selected for this comparison 
because they have been sence compared with observations 
made before 1700. The additions to the Connaissance des Temps 

Vv Burck bards himself giving a com- 
rison of his tables with observations of occultations made by 
ua Hevelius and others, between 1637 and 1700. The 

neral result of this comparison is that the mean longitude of | 
fis tables could hardly have been more than a very few seconds | 
in error in the year 1670. But, the preceding table shows is ea | 
for this epoch Hansen’s mean n longitude is 80” less than Burck- ; 
hardt’s. Therefore, unless we suppose git investi- | 

= 5 a RS is 
RRO 

WES 

B. Pe 23 ra 2 Leer] 

gation to be affected with some ous § e error we 4 
must admit that the mean lo e of ibe 8 tates for the i 
epoch | 1670 i = about 30” too small. 

ependent test of this conclusion I have select- 
ed certain chosen uoed which, with the data available, seemed 
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well fitted to answer this purpose and compared them directly 
with Hansen’s Tables. 

Th ey are 
a Seeritaison of Aldebaran, 1680, Sept. 18, observed at 

Greenwich by Flamstead. 
2. Occultation of the same star 1680, Nov. 7, observed at 

Greenwich by Flamstead, and at London by Halle 
3. Total eclipse of the sun 1715, May 3, obser ved at Lon- 

iat Greenwich and Wanstead by Halley, Flamstead and 
d. 

To compute the occultations of Aldebaran the mean position 
for 1680-0 was derived from Le Verrier’s Tables (Annales de 
l' Observatoire, Tome as correcting the right ascension by 
-++0°-01, and was as follo 

o(1080) = 4 Ss 375-01 
« $16" 49’ 11/8 

The corrections for Pa to ests place are 
for se 2 Ae =—+2°90; Ad=+1" 

Aem+t4-18  Ad=+2°4 
The f slleering oe positions of the moon were derived 

from Hansen's Tables 

Date (Julian C Sept. 13. 

s 
r. Mean Time, 3 50 39 $15 
D's Longitude, [64° 64’ 24”-3|65° 37’ 20/7-4|64° 33’ 117-6 658 91 49""6| 

“ Latitude, |-4 45 29°8 |-4 48 10°6 |-4 39 269 |-4 40 480 
Parallax, 0 59 300 | 0 59 288 | 1 1 185 |1 1 178 

From these data we derive the following times for the im- 
mersion and emersion of Aldebaran for the dates in question. 
The observed times have been concluded from the observed 
altitudes and clock times given by Flamstead in the Historia 
Celestis, kindly furnished me by Prof. Winlock. They differ 
but little from the results of Flamstead himself, when the latter 
are corrected for the equation of time. 

| Computed. | Observed. | c—o. | 
. h m ee s | 

Sept. 13, namisilseiy 15 2 49 15 0 53 +116 

Nov. 7, Tnumers | 
ae | 

ee te ee ee: ee oe 
P  Bbaat ee ee 

(8 eee ie 8 a 8 | 4 es 

The great difference between the results of the two phases of 
the first occultation gives rise to a suspicion of error in the ob- 
servations or the data of reduction. e second observation is 
confirmed by that of Halley in London, he having observed 
the immersion at 7" 50™ 98, a noticed that the star was ‘“new- 
ly emerged” at 8° 47" 1%. lace of observation w 
= twenty-five or thirty Gunde west of Greenwich, and pe eg 
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fore his observation agrees well with that of Flamstead. The 
discordance between the observed and computed times, of this 
second occultation indicates a correction of about 4.39” to 

Hansen’s mean longitude at the epoch 1680, and the first may 
be considered as confirming this correction in direction, if not 
in amount. 

For the rea = May 38, 1715 we have the following com- 
puted and observed times. I have assumed Halley’s station to 
be in latitude 51° 31’ and Mebiate 25% west. Pound’s is taken 
in accordance with his own statement to be in latitude 51° 34’, 
and. lo: ag 8° west. These agree pretty well with Flam- 
stead’s statements that Wanstead is seven or eight miles N. by 

. from Greenwich,* and that Crane Court is half a minute of 
time West of Greenwich. 

Halley at London. 

Computed. | Observed. o-0 
m 8 | h m 8 8 

| First contact, 20 2 35 20 2 37 — 2 
| Beginning of Totality, 21 5 52 21 5 39 +13 
| Endo 21 9 ST 2 9 +1 
| End of Eclipse, 22 16 55 | 22 16 37 +18 

Pouna at Wanstead. 

Computed. Observed. C—O 

d . m 8 h s 8 

Eclipse first perceived, 20 Bas oe 20 + epee? + 8 
The total immersion, 21 $e 6 6 | +32 

emersion, 91 9 48 21 9 7 +22 
The justend of the eclipse,| 22 Bays 42 22 17 +32 

The only information I have respecting Flamstead’s observa- 
tions is contained in a letter of his found in Baily’s ‘ Life and 
Correspondence of Flamstead, p. 315, from which it cppeare that 
his times differ only a few seconds from Halley’s, instead of 
differing by the half minute required by the difference of meri- 
dians. An obvious slip of the pen, (/ater being written instead 
of earlier) makes it doubtful in which way the “few seconds” 
are to be counted. It can, however, be fairly inferred from his 
statement that his observations diverge from the tabular times 
as much or more than Pound’s. 

The discordance of the results of first and last contact may 
be attributed to this cause: that with their imperfect telescopes 
the observers did not begin to see the moon until several seconds 
after the actual ee of tee: eclipse, and lost sight of 
it a few seconds before t The 4 iscordance in the 
— of totality sadinde sar a “high srobability that sae | 
computed shadow path falls a few miles too far north. 

_ case the mean of the results for beginning and end of eee 

* Baily’s Flamstead, p. 316, p. 328. 

Ute ee re 
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will be about right, and we have for the excess of computed 
times 

ast s observations, + 7° 
Pou + 27 
Wiainatend’s + 30+ 

I infer from these results that the correction to Hansen’s mean 
longitude at the epoch 1715 is about +11”. 

Comparing the corrections thus found for the epochs 1680 and 
1715, we find they are substantially those required to reduce 
ansen’s mean longitude to Burckhardt’s. 1 conclude, there- 

fore, that no egregious systematic error has crept into the re- 
searches by which Burckhardt sought to show that the epoch of 
his tables was substantially correct during the latter half of the 
seventeenth century, and that the difference between the mean 
longitude of Hansen and Burckhardt during that period repre- 
sents approximately, at least, errors of Hansen’s mean longitude. 

he observations of the moon made at the observatories of 
Greehwills and Washington during the last ten years, indicate 
a tabular deviation of a eae tigtte character. From 1850 to 
1862 we find the moon slowly running ahead of the tables, 
until the latter required a correction of plus two seconds in lon- 
gitude to make them agree with observa ee But this correc- 
tion, instead of continuing to increase as all analogy would 
have led us to anticipate, suddenly ean to diminish, so that 
since 1862 the moon seems to have been falling behind the 
tables at the rate of a Baty a year. This is shown by the fol- 
lowing exhibit of the corrections to Hansen’s mean longitude, 
or right- -ascension, deduced from the meridian observations of 
the two observatories. 

Correction given by , 

Year. | Greenwich. Washington. Mean. Corr. mean. 

di 

1850 +03 ie 60 ote 

+15 +0°6 +13 eae 
52 +0°9 ee, +09 +24 
56 +10 er +10 414 

BT +155 sare 415 414 
a Beer +15 +18 +13 
62 +24 + +24 +0°9 

+2°2 +12 +14 +05 
64 +0°1 —1¢9 a uf S 

eS —24° | -17 —21 

el By —41 —40 —3'6 
68 —4°4 —4°5 4:5 as 

~=<s —55 —55 —43 

The corrections here given as those of Greenwich are, previ- 
ous to 1859, derived from the comparison found in the Green- 
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could not be made: the results given are therefore an indis- 
criminate mean of all. The systematic personal differences are 
however found to be very sma 

That these corrections are real will not, I conceive, be dispu- 
ted. To suppose them due to errors of observation, would be 
to.suppose that six or eight long practiced observers divided 
between the two hemispheres, all progressively changed their 
habits of observing in the same way, and to nearly the same 
amount, through a period of seven or eight years. 
A portion of the observed discordance may arise from a small 

error in Hansen’s value of the coéfficient depending on the 
ellipticity of the earth, which is more than a second greater 
than the values derived by previous investigators, either from 
theory or observation. The last column of the preceding table 
shows what the correction would be if Hansen’s coéfficient were 
1”’5 smaller than it is. 
From all these comparisons it would appear that the problem 

of the inequalities of long period in the moon’s mean motion is 
really no nearer such a solution as will agree with observation, 
than when it was left by La Place. By a partially empirical 
correction, Hansen has succeeded in securing a very good agree- 
ment during the period 1750-1860, but, if the results of the 
preceding examination are correct, this has been gained only by 
sacrificing the agreement for the cen previous to 1750, and 
for the years following 1860. This failure to reconcile theory 
‘with observation must arise from one of two sources. Either: 

(1) The concluded theory does not correctly represent the 
mean motion of the moon. Or:— 

e rotation of the earth on its axis is subject to inequal- 
ities of irregular character and long period. 

The first hypothesis admits of two explanations. We may 
suppose either that the mean motion of the moon is subject to 
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anomalies of mean motion cannot be accounted for by a devia- 
tion from the received law of gravitation inversely as the 
square of the distance, because the anomalies produced by such 
deviation would be regularly progressive, and would be most 
sensible in the secular motion of the moon’s perigee. The com- 
parison of the theoretical and observed values of this motion is, 

ser passage of bodies could scarcely escape detection. Still, 
this explanation does not admit of being mathematically dis- 
proved. If we attribute the deviation to the impact of mete- 
oric matter, we must suppose the moon to have encountered 
such matter in quantities nearly incredible. 

These three causes exhaust those on which we can base the 
first explanation, unless we invalidate the third law of motion. 
For, by that law; matter moves only by the influence of other 
matter. er matter can affect the motion of the moon only 
by impact and gravitation. The gravitation of known bodies. 
the gravitation of unknown bodies, and the impact of matter is 
therefore an exhaustive enumeration. 

_ We pass now to the second explanation of the first hypothe- 
sis, namely, errors'or omissions in the theoretical computation 
of the effect of gravitation. The wide difference between the 

from the tables during the past ten years, without discordance 
? s 

ite close. 
hardly worth while to dwell upon this explanation until we 

in the quantity of ice accumulated around the poles has, I be- 
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heve, been pointed out by geologists. But the effect of this 
cause could scarcely be sensible. But, if we admit that the 

arrangement of the fluid. 
I conclude, from this discussion, that we have reason to sus- . 

pect that the motion of rotation of the crust of the earth is 
subject to inequalities of an irregular charaoter, which, in the 
present state of science, can be detected only by observations of 
the moon, ‘This suspicion can be neither confirmed nor remov- 
ed until we have more positive knowledge than we now have of 
the possible inequalities which may be produced in the mean 
motion of the moon by the action of gravitation. 

The operation of calculating these inequalities, though com- 
licated and difficult, is certainly within the powers of analysis. 

so, well; the length of the day is not variable, and the future 
positions of the moon can be safely predicted. If not, it will 
follow either that the motion of the moon is affected by other 
causes than the gravitation of the known bodies of the solar 
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Art. XX.—Researches in Electro-Magnetism; by ALFRED M. 
Mayer, Ph.D. 

Tue refined experiments of Weber, Tyndall and Knoblauch 
having fully established the fact of the reversed polarity of a 
bar of bismuth, when subjected to the magnetizing influence 
of a helix, the ‘attention of natural philosophers is naturally 
directed to the necessity of — Ampére’s theory of mag- 
netism to as severe deductive tests as can be applied. Thus, 
from new experiments end lines of research suggested by theo- 
retic deduction, we ma e for such addition to our know- 
ledge as will evolve a eur which will embrace both magnetic 
and diamagnetic phenomena, as completely as Ampére’s beau- 
tiful generalization contains the explanation of the magnetiza- 
tion of iron. 

se ee other experiments, thus suggested, was the follow- 
ing: Ascertain = relative forces of two electro-magnetic cores ; 
one composed 0 — wires, the other of the same number 
of similar wires w lated. 

Theory ‘eidiontins ‘ik the insulated bundle will be found the 
weaker; for, in this case, we have not only the reaction of the 
molecular currents, but also, the reaction of the infinitel “aaa 
currents flowing around each insulated wire. Also, admitting 
the truth of the molecular hypothesis, we — in the unins . 
lated wire-core the interaction of exceedingly small curre 
separated by distances, great when eeripared to their size ; see 
in the insulated wire-core we have, in addition, very large eur- 
rents reacting at distances very small when compared to their 
iameters. 

It was the attempt to solve this problem which led to the 
invention of the experimental method described in this paper; 
for, it will appear further on, that it could not have been at- 
tacked by methods heretofore used. The satisfactory solution 
of this question and the ascertained delicacy and precision of 
the ap 2 ean siaiinged a me to make other determinations, 
which I here present ; not asa finished and neatly rounded = 
of work, but as showing what may be expected from a more 
complete discussion of the method used, and from that perfect 
experimental control of the apparatus which a more extended 
experience will give. 

In my first experiments I adopted the plan of Miiller (Pog- 
gendorft” s Annalen, Bd. LXxrx and Lxxx1t) and tried the forces 
of the different cores, magnetized in one and the same helix, 
by their action on a distant magnetic needle; keeping the cur- 
rent, as far as possible, of the same. intensity during the two 
comparisons. method I found could not serve the purpose 
of measuring forces differing but slightly in intensity ; and the 
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impossibility of obtaining a current so constant as not to pro- 
duce continual motion and vibration of the needle caused me to 
devise the following method, which I have found from expe- 
rience to be both sensitive and precise. 
ows Jor the comparative measures of electro-magnetic forces. 

—On a table 10 ft. long was drawn a center line and divided into 
oh nt an inch. This line was then accurately placed at 

angles a the magnetic meridian. Two helices, which I 

the helices in the line of their axes. The same battery current 
passed through both helices, and in such pian tee that the N. 
pole of each was facing the needle; by reversing the current, 
the S. poles could be opposed to each other 

Both helices were composed of 10 layers of “Linch “extra cov- 
ered” copper wire, wrapped on copper spools of 8% inches long, 
1-82 inches diam., and having flanges at the ends 1:25 inches 
high. These spools, with their flanges, were split in the direc- 
tion of their length by an opening ‘of 7 ; inch. Each layer of 
coils was saturated with a thick solution of shellac in aleohol and 
covered with thick paper, coated with shellac, before the suc- 
ceeding layer was wra ped, 

elix E contains 5575 feet of wire in 696 turns, and on ac- 
cgunt of its better insulation and greater number of turns is 
eg in strength to helix W. Helix W contains 551 feet 

wire in 688 turns. 
i 

w F 

om HH NHN Pantene Re | 

GNar; 

he a = iagram shows the arrangement of the 
appara: Helix E to the east of the compass; helix W to the 
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west; at C the compass; and at G the tangent galvanometer | 
sufficiently removed from E and W, not to be affected by the 

helices. : 
It was found that when the needle was placed at such a posi- 

tion on the line between the helices that it stood at 0° when the 

intensity of action of the electro-magnet on the needle with a 
change of its distance from the magnetized core, we will have a 
system of measurement for the electro-magnetic forces which 
will exceed in in delicacy, though be similar in 
arrangement, to the best photometric processes. 

The advantages of this method, as far as my knowledge of it 
extends, is that you can thus subject the needle to two opposing 
actions of great intensity and thus any minute difference in the 
causes which alter their relative intensities will, on account of 

e law of variation of the intensity of the force with a change of 
distance.-—To find the law of variation of the force with the dis- 
tance from the pole of the core (which as is well known exists 
in the plane of the end-coils of the helix) the following experi- 
ments were made. 
A core 10 in. long and 1°64 in. in diameter composed of 400 

soft well annealed iron wires, was placed in helix E and the 
plane of the ends of the wires facing the needle were brought 
into the plane of the end coils of the helix. The center of the 
compass needle was placed at distances of 4, 5, 6, 7 and 8 ft. 
from the end of the core; the needle brought to 0° at eath of 
these positions by the action of terrestrial magnetism and the 
current passed from seven new, freshly amalgamated Bunsen- 
cells; as soon as the needle had come to rest the angle of deflec- 
tion was read and at the same time the tangent galvanometer 
was noted. 
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The following table — the results, each number being the 
mean. of four experimen 

Column (1) gives the aia of the center of needle from 
core; (2) the readings of the tangent galvanometer; (8) the de- 
flection of the compass needle for the distances given 1n column 

~() @) @) @ , & 6) @ 
Dist. from Nat. ‘Tan: |}: 2 1 

Core. Tan. Gal. | Deflection. Defi. | ad q?-1404 Dif. 

4 ft. or 1 51° 45/ 38° 16/ “788336 | “788336 “788336 “000000 

fo Paar bie 46" . “424475 | "829042 “782392 005944 

(Rigas! At) 51° 30’ 14° 30° -258618 *872835 “785629 “002707 

7 ot TB 1° 45S 9° 457 “111831 | ‘917888 “796385 008049 

oko 51° 30° 6° 44’ "118063 | -944504 “789144 “000808 

(1); the nat. tangs. of the angles of (8); (5) the products of the 
nat. tans. of the angles of deflection by the cubes of the distances 
in (1); these products being obtained by multiplying the nat. 
tan. of each angle of deflection by the corresponding distance 
pa the core raised to the cube, sould: if the law. followed the 

e can therefore assume eh “e intensity of the force (for this 

Geparnbas) varies inversely as the 2°7404 power (or as d™ Teo *) of 
distance from the core. 

res were made of each size wire. Hach core of de 
wire eontiied 100 pieces, while each core of the , wire con- 
sisted of 400 ¢ wires of one core of each size wire, 
(after having been cated, as in Ex. 7, that they were equally 
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affected in the same circumstances of magnetization), were insu- 
lated by dipping them separately into parafine, melted in a tube 
about 12 in. long, and were thus uniformly coated with a firm 
layer of that substance. They were then closely tied together 
into bundles by means of silken thread. The helices, in all the 
experiments on the cores, were placed 8 feet apart. 

To abbreviate the descriptions of the experiments we will always 
place the E helix east of the compass and the W helix west, 
and to indicate the deflection of the needle we will use such ex- 
pressions as “S. 17° W.” which means, 8S. end of needle deflect- 
ed 17° W. or toward helix W. In the case of N. poles facing 
the compass the above expression would show that the core of 
helix W was stronger than that of helix E. Ifthe current was 
reversed it would indicate that the EH helix was the stronger. 
When not otherwise stated it will be understood that the N. 
poles of the helices face the needle, and therefore the expression 
given of the deflection will always show which of the cores has 
the greater action on the needle. To designate the different 
wire-cores we will use “100 or 400 UC” or “100 or 400 IC,” 
which respectively mean, the uninsulated core of 100 or 400 wires 
and the insulated core of 100 or 400 wires. T. G. stands for t tan- 
gent ee 

mt 1. Helices alone, without cores. Needle placed 
midway heehee helices and brought to 0°. Current passed from 
10 Bunsen cells. Needle 8. 4° E. TT. G. 58°. 

Ex, 2. Reversed current 8. 4° W. T. G. 58°. 
Ez. 3. Moved needle toward W. helix so that it oye at 

the stronger. 
Ex. 4. Three cores of 400 wires each, one of insulated wires, 

were compressed to exactly the same diameter of 1°64 ins. An 
uninsulated core was placed in each helix, and the needle a 
- rts between the helices. Cenechi = S. 27° 

Ex. 5. Current reversed S. Ws 
Fz. 6. Other circumstances remaining as in a moved needle 

toward W helix until it stood at 0° when circuit was open or 
closed. Needle distant from E helix 55°6 in. 
Expt. repeated many times, with current direct and cael 
with the same result. 

Ex. 7. Intere the cores in the helices. Current t passed. 
Needle still at 0°. T. G. 48°. Current reversed. Needle at 0°. 
This shows fae the cores were sctktly affected in the same 
circumstance 

Ex. 8. Replaced I E core Bed heir insulated core of 400 ned 
wires. Ne having re in same position as in d (7), Current passed. “S. 66’ W. T. @. 48° “ 
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Fx. 9. Current reversed S. 55’ KE. T. G. 46°. 
Expts. 8 and 9 repeated several times with same results, show- 

ing that the insulated core was the weaker. 
Fx. 10. Moved needle toward E helix, which contained the 

400 insulated wires, until it stood at 0° when circuit was open 
or closed. In this position needle was 55-4 in. from E helix 
_The 100 wire-cores substituted for the 400 wire-cores gave 

same bundle of wires the following experiment was made. 
Fx. 11. The two cores of 400 LESS wires of 1°64 in. 

diameter were placed in the helices and needle brought so that 
it Bee 2 at 0° when cireuit was open or closed. The E core was 
now s my compressed that its diameter was reduced to 1°48, 
a replace in E helix, otherwise the circumstances were the 

5 

orce. 
It will be observed, in the above comparative experiment, 

that the two uninsulated wire-cores were of exactly the same 
strength when equally magnetized, (Ex. 7.) and that one of them 
remained in the W helix as unit of comparison to the uninsu- 

stands in the place of the “ unit-candle” in Bunsen’s method of 
hotometry, and the needle which is moved to such a position 
betes the helix that it remains at 0° when the circuit is open 
or closed is the equivalent of the paper screen with its central 
translucent circle. But if it should happen that when the needle 
is placed midway between two similar helices that it remains 
at 0° when the i is open or closed, then two cores wo 
answer the purpos 

— Calculation of be relative forces of the uninsulated and insulated 
cores.—The data for the calculation are given in Experiments 6 
and 10. 

W.UC: E.UC:: 40-4°™ : 55-6*™ : 1 : 2-39995. 
WUC: BIC 2: 40° (65a: 7 oye 

Hence Uninsulated Core: Insulated Core ::1-:0-9768. 
The insulated core is therefore 02318 ae than the unin- 
Jat 

In Expts. 8 and 9 it was seen that the above difference of 
‘02318 in magnetic force caused a deflection of 55’ in the com- 
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pass needle, and as 8’ or even less of deflection can be accurate- 
ly read it follows that a difference of ;,;;th in the magnetic 
force of the two cores can be detected and measured by this 
method. This example will convey an idea of the delicacy and 
accuracy of this plan of measurement, which no doubt can be 
increased by the careful selection of the proper force of current, 
distance of helices and other related functions of the apparatus. 

It thus appears that this result sides with the theory of Am- 
pére, and also, to my mind, points to that postulate of the atomic 
hpyothesis which states that the atoms of bodies are separated 
from each other by distances which are great when compared to 
the size of these atoms. 

Altempts to determine what thickness of tube in fraction of tts di- 
ameter, 1s equal to a solid cylinder of the same diameter.—According 
to the theory of Ampére, the magnetization of a bar of steel, or 
of an iron core subjected to a helical current of electricity, is due 
to the surface currents, which are the resultants of the interac- 
tion of all the molecular currents in the interior of the bar. It 
is therefore exceedingly interesting in a theoretic point of view 
to determine accurately what thickness of tube is equivalent to 
a solid cylinder of the same length and diameter. The experi- 
ments of Barlow, Harris, de Haldat, and of Du Moncel have 
shown the truth of this deduction. 

There is evidently a certain thickness required to develope 
an equivalent action, but a certain Tatton of the interior of an 
electro-magnetic core can be removed without diminishing its 
force when in a condition of “ saturation.” This determination 
will therefore inform us, (accepting the hypothetical theory of 
Ampére), what central currents are prevented by their inter- 
action from affecting the resultant surface currents of the bar; 
and it appears to me that we should express the result in terms 
of the central cylinder which can be removed and not of a certain 
thickness of tube which remains. 

Out of well annealed soft iron a series of tubes, 10 in. long, 
were turned so that they fitted closely into each other; into the 
innermost tube slid a solid iron core of ‘83 in. diameter. The 
diameter of the outer tube was1‘68 in. With this construction 
of core, tubes of various thicknesses could be rapidly produced 
and compared in effect. Two such cores were construct 

Ex. 12. uninsulated wire-core in W helix; in E helix 
was placed the combination 6f tubes and core. Needle brought 
to such a position that it stood at 0° when circuit was open or 
closed. T. G. 46°. 

Hx. 13. Removed inner core and tubes, and drilled out the 
innermost remaining tube until the thickness of the combina- 
tion tube was j of its diameter. Current passed. Needle re- 

Am. Joun. Sci—Szconp Series, Vou. L, No. 149.—Sepr., 1870. 
13 
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mained at 0°. On further decreasing the thickness the : send 
of the needle was deflected toward the W helix. TT. G. 4 

It thus appears that a tube of this size having a elape of 
2 of its diameter is, Sy magnetized with this strength of cur- 
rent (8 cells, T. G. 4 46°) equal in effect to a solid cylinder of 
the same diameter, 

x. 14. Another tube was constructed having a diameter of 
13 in. and a thickness of } the diam. Into this tube slida 
solid core. Placing the uninsulated wire-core of 400 in 
lix and tube with inner core in E. helix, the needle was placed 
so pana it stood at 0° when circuit was open or closed. TT. G. 
46°. 

Ex. 15. Withdrew inner core. Current passed. S. 40’ W. 
T. G. 46°. Thus a tube of the above diameter, having a thick- 
ness of } of its diameter is not equal to a similar solid cylinder. 
This subject will therefore have to be the object of further in- 
vestigation. 

Thinking that in the case where a current did not saturate 
the above tube it ~~ equal the solid cylinder, the following 
experiments were m 

. The rabe used in (14) was placed with inner core 
in EH. helix, and a similar tube and core in W. helix, and the 
needle placed so that it stood at 0° when cireuit was open or 
closed. A current from 4 cells was passed. G. 32°. ul 

Fx. 17. Solid core removed from tube in helix E. Needle , 
remains at 0°. Hence for this strength of current (T. G. 82°) 
the tube is equal to an equivalent solid a nder. 

fx. 18. Other things remaining as in (17) a ‘current from 5 
cells, T. G. 37°, was passed through helices. Needle 8. 2’ W. 
= 19. Current passed from 6 cells. T. G. 40°. Needle 8. 

15’ W. 
Fx. 20. Current passed from 7 cells. T. G. 42°. Needle 

S. 20’ W. 
Fx. 21, Current passed from 8 cells. T. G. 44°. Needle S. 40’ 

W. Itis clearly seen from above experiments that with a current 
of T. G. 32° the tube is 92 ual to the similar solid cylinder, but 
on erally pen e current up to T. G, 44° that the 
tube falls more and more below the strength of the cylinder, 
and the pees is again deflected S. 40’ W. toward the cylinder 
with that current. Therefore in determining what portion of 
the interior of a cylinder can be vemoved so that what remains 

equal the solid cylinder we should see that the tube is 
“saturated,” otherwise the comparison does not solve the prob- 
lem. ee this condition was fulfilled in Expt. 13 was not 
ascertain 
In Daguin’s Traité de Physi vol. iii, p. 615, Paris, — 

we read: “M. Du Moncel ea tty hace, te er 

i isi, i > * 

| pene 
4 

=) ae a cea 
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used a current not sufficient to saturate the tube and cylinder. 
and thus his determination would be explained by Expts. 15 
to 21. 

10 ins. ero snd slit it in its whole sone = open 
inch wide. This opening could be closed at pleasant a Sas 
ing in ita iad fitting piece of iron 10 in. long. 

Hex. 22. The above tube, with the slit closed, was placed in 
the E. helix and the 400 U. C. in the W. h elix, and needle 
brought to such a position elie them that i steed at 0° 
when circuit was open or closed. Eight cells of Bunsen. T. G. 

Ex. 28. Slit opened by removing the piece of iron. The 
needle remains at 0°. TT. G. 46°. 

Expts. 22 and 23 ame sratniey times with the same result. 
In the accompanying diagrams is shown, according to the 

theory of Ampére, the pen of the circulation of the exterior 
and interior surface-currents. It is seen boa in both cases the 
interior surface current circulates in an opposite direction to the 
exterior current; and that when the tube is slit longitudinally 
the circulation is not cut off but facilitated by the joining of the 
exterior and interior surfaces. It is therefore natural to suppose 
ree on Se of this facility afforded to the circulation that 

magnetization and demagnetization will occur in the 
split t ee in the closed tube; but no difference is found in the 

- Magnetic force of the two tubes, for the loss in surface by the 
slit seems made up in the greater facility of circulation. 

I would therefore suggest that the cores of the electro- ets 
of astronomical chronographs and of telegraph instruments be of 
soft well annealed Norway iron, made into tubes having a thick- 
ness of } of their diameters, and slit longitudinally by a narrow 
opening. 
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On the a. condition of the interior surface of a tube.— 
Referring to fig. will be seen that the Ampérean currents on 

was therefore an extremely interesting point for ce eer" 
it has been the subject of over two hundre experiments, 

te is esd far the most difficult research mentioned in this 

the effect of the inductive action which ‘cok place when the 
core was withdrawn from the tube changed the magnetic rela- 
tions which existed while the core was in the tube. 

The following method was then devised. Two tubes of very 

soft iron were constructed, having both an internal diameter of 
“84 inch, and one an external diam. of 1-03 inch, the other of 
131 inch. aoe tubes were 9 in. long. One hundred and 
twenty well annealed iron-wires a little less than 9 in. long 
were tightly see ene by silken cord and then wrapped in 
six thicknesses of writing paper, so that the wire core fitted 
ay the interior of the tubes. 

The w ire core was now deprived as far as ue of magnet- 
‘ons assing a weak magnet over it, and could thus be so 
reduced that it caused a deflection of only 1° when placed 7°5 
in. W. of the center of a surveyor’s compass needle. By now 
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_— the core in the line of the dipping- needle this small 
esidual | magnetism could be reduced to 10’ or 15’ deflection, 

thus produced. The core was now handled very carefully to 
prevent all hieelidcnas or blows, and placed in an E. and W. 
horizontal lin 

The tube was 18 placed i in helix E and the current passed.. It 
was then very slowly and steadily withdrawn, so as radually to 
let down its magnetism, the tube removed several fet from the 
helix and the current broken. This operation was repeated 
until the tube had attained as high a degree of magnetization as 
could be given to it with the same constant current in the he- 
es and a further repetition of the process caused no increased 
deflection in the needle. The tube was then carefully ene 
in an E. an orizontal line and the core slowly introduced 
and so that the 8. pole of the core was in the S. end of the tube. 
It is important in all these manipulations to keep the core and 
tube in a horizontal plane, for if they are inclined to the horizon, 
during the experiment, the magnetic condition is changed and 
the operations have to begin anew. The degree of susceptibil- 
ity of very soft iron to a change of inclination can only be ap- 
preciated by those who make the trial. 

The tube with enclosed wire-core was now introduced into 
the helix and the current passed; then withdrawn, and this re- 
peated (as in the above process on tubes alone), until the needle- 
deflection showed no increase of magnetic force. This deflec 
tion was then compared with that previously produced by the 
tube cane! alone. 

the interior electric currents really flow as Ampére’s 
ianes. states, then when the core is in the tube and the maxi- 
mum magnetization reached, the combined effect of tube and 
enclosed core on the needle should be less that given by the 
tube alone without the central core; for, in the former case the 

of core is N and will therefore neutralize a portion of the tube’s 
pie on the needle. Now this was found to be invariably the 

in all the experiments made; and how can it otherwise be 
expiant It is known that the combined force of two mag- 
nets with like poles placed oe is less than the sum of the 
forces of the separate bars separately measured; but the force 
of the two together is always greater than that of one alone. 
But we here have a tube and enclosed insulated core with like 
poles together giving, after magnetization (in the same conditions 
exactly as that given to the tube alone) a less effect than that 
given by the tube alone. Therefore these facts show, to my 
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mind, that the deduction from Ampére’s theory is verified by 
experiment; and that we have succeeded in giving to a core in 
the interior of a tube a polarity the reverse of that given to the 
tube itse 
We here present the following experiments, which are typical 

of all made; the others only differing in quantity with a change 
of distance from the needle and a change in the intensity of the 
current in the helix. 

The marked ends of tubes were S. poles, and 8. 10° E. 
means that when tube or core or both were placed W. of the 
center of the compass-needle that the 8. end of needle was de- 
flected 10° E. If the same end is deflected W. then the marked 
end is a N. pole. 

Ex. 24. Be sents with tube of 1:03 in. diam. is given 
under column A; those with tube of 1°31 in. diam. under col- 
umn B. Tangent galvanometer in all the experiments was at 
80°. Tube and core placed 74 inches W. of needle. 

Marked end of tube placed in §S. pole of helix and A B 
withdrawn (as descibed above). Repeated 6 times S.17°18’E. §. 21° ie E. 

OU 86 sho eg 4 Introduced tube again and withdrew 
ob co sb “ Oe ence fad ats ee chy aH tt “91 40 ‘ 

Care yincet WF. Oe meee eo a oo Eee eee 
Core slowly and steadily introduced into tube so that 

; core was in 8. end of tube; then tube and 
core introduced into helix EH. and withdrawn 6 
times wig 9 ee a 

Introduced and withdrew tube and core again_.--- 18-198 S99 18 
+h “ “ib 3 “ +6 Obs it a “16 16° (og ps oo 

‘ 3 “ “ “ “ Ceres eis ++ 99. 18. 4 

While tube remained in position W. of compass the 
core was slowly withdrawn from the tube. Tube 
now alone deflected......... is ee ee ae ae 

Core now alone deflected 26.50 M2 -10W. 

with enclosed cores acted together on the needle after having 
been magnetized in exactly the same circumstances; also, that 
when the tubes, remaining undisturbed in their position, W. of 
the needle, had the cores withdrawn, the needle was deflected 
1° 25’ more in Exp. A and 1° 20’ more in Exp. B than when the 
tubes with enclosed cores both acted upon the needle. : 

In the break-circuit experiments the effects are more compli- 
cated by reason of the instantaneous and intense extra-current 
in the helix which causes a sudden inductive action on the tube 
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ise and sats Hain ser core gis sak this difference amounting 

The former experiments show that the tube can give a reversed 
magnetism to an enclosed core, and we will now see that a 
helix can effect a reverse magnetism on a surrounding tube. 

The first Expts. were made with opposing naa one hirit 
helix E with the 400 wire core, the other a tube of soft iron 9 
in. long, 1°3 in. external diam. and ‘12 thick, eter “whieh was 
wrapped a helix of one layer Py 148 turns of ;'; inch wire, and 
in its interior fitted a helix also of one layer ‘148 turns of the 
same wire wrapped upon a cylinder of a This last I will 
call the inner helix, the other the outer he 
Ke The inner helix was placed in the cireuit (near the 

battery, far removed from the compass) and the compass was so 
placed that its needle stood at 0° when circuit was open or closed. 

e inner helix was now placed inside the tube and the current 
passed through helix E and the outside ag and also through 
the inside helix in a direction the same as the current in the 
outer helix ; and the needle was Oak! The current was now 
reversed in the inner helix and needle again noted; but as the 
opposing helices were 8 ft. apart, and the current not strong, no 
effect (after allowance made for direct action of inner helix on 
needle) Me obtained from the action of the inner current. 
Ex. 26. I then devised the following experiment. 

posing helix EK with 400 wire-core was removed and the compass- 
needle brought to 0° by the action of the earth’s magnetism 
The iron tube was then placed 1 foot W. of center of needle with 
its S. pole toward the compass. The deflection alo by its 
magnetism was S. 4° 40’ HK. Theinner helix w 
in the position W. a the compass previously picket a by th the 
tube and the current passed so that its S. pole was op to 
the needle; the deflection was S. 3° 13’ E. I now placed the 
helix in the oe and both 1 ft. W. of needle and passed current 
so that S. end of pete was in S. end of tubes. "he deflection 
produced was 8. 4° 50’ E. 

rom above it ‘a seen that when tube and inner helix act 
together on the needle the deflection is only 10’ greater than 
when the tube acts alone, although the helix acting alone causes 
a defisetion of 3° 13’. The neutralization of such a quantity of 
magnetism can only be ian for by the fact that the great- 
er part of the magnetism of the tube was reversed by the action 
of the heliacal current on the inner surface of the tube. 

Ex. 27. To obtain directly a reversed magnetism by the 
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action of the outside of the helix the following experiments were 
made. Several wires 9 in. long and ;!; inch diam. were heated 
in a cupel furnace to bright redness and slowly cooled ; one end 
of each wire was then marked. wire was then taken and 
placed with its marked end 2°75 in. W. of the center of the 
compass-needle and the deflection produced was 8. 18’ E., show- 
ing that the marked end was a feeble S. pole. A current was 
now passed through the inner helix and the wire laid upon 
it so that its marked or 8. end was upon the S. pole of the helix, 
after remaining here for a few moments it was conveyed to the 
compass and placed, as before, with its marked end 2°75 in. W. 
of the center of the needle. The deflection was now 8. 28’ W., 
showing that the magnetism of the wire had been reversed and 
that a wire placed on the owtside of a helix has given to it a 
magnetism the reverse of that given when it is placed imside. 

Ex. 28. Twelve wires were now placed with their marked 
ends 3°25 in. W. of the needle, and the deflection being S. 8’ E. 
showed that their marked ends had aslight S. magnetism. They 
were now removed and placed with their marked ends on the N. 
pare of the helix at equal distances from each other around the 
elix, through which a current was passing; they were then re- 

moved from the helix before the current was broken and again 
laced in their former position 3-25 W. of the compass-needle. 
he deflection was now 8. 55’ E., showing that their marked 

ends were of south magnetism. They were again placed on the 
helix with their marked ends on its S. pole and removed, as be- 
fore; they now deflected the needle S. 20’ W., showing that their 
marked ends were now N., their magnetism having been reversed. 

Ex. 29. e inner helix alone was placed 1 foot W. of needle 
and the current passed so that its S. pole was opposed to the 
needle. Deflection S. 3° 80’ E. T. G. 20°. Reversed current. 
Deflection 8° 15’ W. By holding a bar of soft iron in the line 
of the dip and passing the wires over its end I succeeded in ren- 
dering them without action on the helix when put in the place 
of the helix in the above experiment. The twelve wires were 
then tied around the helix equidistant from each other and sepa- 
rated about ‘2 inch. The current was then passed so that the 8. 
ee of the helix was opposed to the needle. Deflection S. 2° 40’ 

.. Reversed the current. Deflection S. 2° 80’ W. We therefore 
have in the 1st experiment 50’ less and in the 2d 45’ less action 
on the needle when the wires are around the helix than when they 
are away. These results correspond to the above experiments 
on the tube, the helix giving the wire a polarity the reverse of 
its own. 

Beccaria, Coulomb and Faraday have, by their well known 
experiments, proved that frictional electricity when at rest only 
exists on or just within the outer surfaces of bodies, and Prof. 
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stated by that philosopher. “A copper wire, of the size usually 
employed for ringing door bells, passed through the axis of an 
iron tube, or a piece of gas pipe, about three feet long. The 
middle of this wire was surrounded with silk, and coiled into a 
magnetizing spiral, into which a large sewing needle was insert- 
ed. The wire was supported in the middle of the tube by pass- 
ing it through a cork at each end, covered with tin-foil, so as to 
form a good metallic connection between the copper and the 
iron. On the outside of the tube and opposite each other were 
placed two other magnetizing spirals, their ends soldered to the 
iron. When these two spirals were also furnished with needles, 
and a discharge from a Leyden jar sent through the apparatus, 
as if to pass along the wire, the needle inside of the 1ron tube 
was found to exhibit no signs of magnetism, while those on the 
outside presented strong polarity. This result conclusively 
shows that, notwithstanding the interior copper wire of this com- 
ound conductor was composed of a material which offered less 

resistance to the passage of the charge than the iron of which 
the outer portion was formed, yet when it arrived at the tin-foil 
covering of the cork, it diverged to the surface of the tube, and 
still further diverged into the iron wire forming the outer spi- 
rals. We must not conclude, however, from this experiment, 
that the electricity actually passes on the outside of the tube. 
On the contrary, we must infer from the following fact, that it 
passes just within the surface. If the iron be coated with a 
thin coating of sealing wax, the latter will not be disturbed 

Barlow and Harris have made experiments which show that 
magnetism is also a surface action; and in Exp. 11 of this pa- 
e we saw that when the surface of a wire-core was diminished 
y compressing the bundle the magnetism diminished with it. 

To show that this diminution of force was not, in major part, 
owing to the increased repulsion produced between the bars 
when brought nearer together, the following experiments were 
made. 

Fx. 30. About 200 3; inch wires were pressed together as 
tightly as could be by binding them in a bundle with silken 
cord, and the deflection they caused in the needle, when mag- 
netized in the helix, was noted ; they were now taken apart and 
bound as tightly as before around a wooden cylinder about 1 
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inch in diameter ; and being magnetized again in the helix with 
the same strength of current, the bundle caused a far greater 
deflection in the needle than when it acted without the central 
wooden cylinder. I consider this experiment as very conclu- 
sive of the surface action of magnetism, for in the two measures 
we used one and the same mass of metal, subjected to exactly 
the same magnetizing influence, and only differi ring in the extent 
of exterior surfaces existing during the two experiments. That 
the increase of force with the surface was not owing to a change 
of distance of the wires from the interior surface of the helix is 
conclusively shown in the next section 

But there are differences to be made between these analogous 
phenomena of frictional electricity and of magnetism; in mag- 
netism a considerable thickness of metal is required to ’ develope 
this action at the BUrEACE ; so that (Ex. ek a tube must have a 

x 

a tube, while no similar nation. a be obtained with frictional 
electricity. 

Experimen ts to determine whether a change of positon of a bar in 
the interior of a helix causes a change in the intensity of rts magnet- 
ization.—Theory indicates that no change in the degree of mag- 
netization will follow a change of position of a bar in the inte- 
rior of a helix, and the following experiments conclusively 
prove the truth ‘of this deduction 

Ex. 81. In the interior of helix E resting on the bottom of 
the opening was placed a cylinder of soft iron ‘83 inch diam. 
and 9 ins. long. posed to this helix was helix W, (in the 
same circuit) with the 400 wire-core. Needle was brought to 
such a eg that it stood at 0° when the circuit was open or 
close 

Ex. 

ratus what difference, if me existed sa Betche the netizing 
effects of a helix whose turns were inclined in the successive 
layers alternately in opposite and equal angles with the axis, 
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and the effects of a combination of spirals composed of an equal 
number of turns of wire as the helix and existing in the same 
ength. 

Fifty spirals, each composed of 14 ft. 8-06 ins. of ,4; inch wire 

gave a “pitch” to the turns of the helix of 18 ins. and the 
innermost turns of the helix formed an angle of 1° 57’-25, and 

the outside turns formed an angle of 50’5 with the axis of the 
helix, alternately to the right and to the left, as it was wrapped. 
Each layer of turns of wire and twine was carefully saturated 
with melted parafine of a high temperature, so that the copper 
Mes iar through the saturated covering after the parafine had 
solidifie 

49 
openings a little sinter Chiat those of the spirals. This arrange- 
ment, as Prof. Joseph Henry has shown, so effectually cut of 
the mutual inductive action of the spirals that, on passing a 
current through them and breaking a mercury contact, the spark 
of the “ extra-current ” was (on account of the greater resistance 
of the spirals) less than when only the circuit of the battery 
wires was similarly broken. With the exception of the inte 
posed copper discs things remained as in Exp. 33. Current 
passed. eedle remained at 0°. Showing that the inductive 
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action had no influence on the intensity of the megneliaing 
effect. Iam therefore of the opinion that the increased effec 
of the helix was due to superior insulation. 

Ex. e combination of 50 spirals was separated into 
two, each containing 25 spirals. Between the spirals of one 
combination were introduced the 25 spirals of the other, so that 

the current is now passed through one of the combinations and 
the two terminal wires of the other combination joined, Faraday 
has shown, that the “extra-current” in the first combination is 

P 
conclusively showin g that an a combination of spirals or ina 

lia the inductive action of the wire on itself or of 2p Billed 2 
or turns on each other has no effect on the power of thet nett 
zation and therefore no effect on the intensity of the eShiatie oe 
ae them. 

not remember ever having seen a solution of this ques- 
tion, sie these experiments have given it under conditions of a 
very strong inductive action, and with a very delicate apparatus 
for detecting any effect which might have been produced. e€ 
result is one which has an important theoretic bearing on dy- 
namical inductive action, au I reserve for another communi- 
cation my views on that point 

In bringing this research to a conclusion I think I ma safely 
say that these results and experiments have shown the delicacy 
and precision of this method of comparing and measuring the 
electro-magnetic forces; and at a future time I propose using it 
to solve the problems which relate to the variation of the geen 
sities of cores with their diameters and with their surfaces 
to examine the varying magnetizing effects of helices of different 

, diameters, and number of turns of wire, and traversed 
by ¢ currents of cies intensities. 

of the above ar Bee yg As which relate to the inverse 
polarity given ‘ cores placed inside of taagnetiz d 
wires placed outside of helices, are very estive as to an €X- 
lanation of diamagnetism, but I reserve for the present the 
ypothetical notions which ‘they have originated in reference to 

those phenomena. 
South Bethlehem, Pa., June 2,1870. 
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ArT. XXJ.—Abstract of the Second Series of Professor oo 
Researches upon Electrized Oxygen ;* by GEORGE F. BARKE 

the first series of Dr. Meissner’s researches upon oxygen, 
published in 1868—an abstract of which, by Professor John- 
son, appeared in this Journal, volume xxxvii, page 325, and 
volume XXXvVill, page 18—he arrived at the remarkable con- 
clusion, that oxygen, under the influence of electrical tension, 
was converted not only into ozone, but also into another modi- 
fication which always appeared simultaneously, and which form- 
ed, when brought into contact with watery vapor, acer 4 
after the absorption of the ozone, a peculiar dense 
second modification of oxygen Meissner identified with Schén- 
bein’s antozone. So remarkable were these results, and so im- 
portant their bearing, if true, not only upon our theories of 
ozone itself, but also upon the philosophy of chemistry, that 
Meissner desired to repeat his e Xperiments, studying ariel 

per now refe 
: a 

Section I is devoted to “Electrized Ox gen.” The experi- 
ment which is to be critically icon is thus described : 
‘Oxygen is submitted to the action of electricity in a Siemens’s 
or von Babo’s apparatus, is then passed into a receiver contain- 

forms above it a thick oe mist, which also appears in a less 
degree over the solution of potassium iodid, but which is den- 
ser, the less concentrated the solution and the more favorable 
the ozonizing conditions.” To prove that this mist consists 
solely of electrized oxygen and water, Meissner proposes to 
show :—Ist, that no per gas but oxygen is in any way con- 
cerned in the production of the phenomenon; particularly no 
nitrogen, chlorine, hydrogen, or carbonic acid. 2d, that for the 
production of the result, the presence of aqueous vapor in the 
electrizing tube is not necessary. And 3d, that the potassium 
iodid solution used for the absorption of the ozone, has nothing 
whatever to do with the appearance of the onan further 
than is implied in effecting the removal of the ozone from the 
current of electrized oxygen. 

* Neue Untersuchungen iiber den elektrisirten Sauerstoff. Von Dr. G: Meiss. 
ner. Mit zwei lithographirten Tafeln. Aus dem vierzehnten Bande der Abhesd- 
Po a a mg en Gesellschaft der Wissenschaften zu Gittingen. to, pp. 
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The apparatus used to establish the first point, consists of 
two pieces, the first of which is intended for the production of 
chemically pure oxygen, the second for the electrization of this 
oxygen, and its subsequent analysis. We have space here for 
oply a prea Seoangace of these marvellously accurate speci- 

s of Geissler’s glass-work, referring those specially interest- 
éd in the peed lates. The oxygen is evolved b Seakay 
sis from saidiiatat water contained in a U tube, and then pass 
es through a second U tube filled with bits of olass moistened 
with sulphuric acid, then through a straight tube filled with 
oxydized copper- turnings to which heat can be applied, then 
through a second U tube containing glass and sulphuric acid, 
and finally through a horizontal tube a foot in length, contain- 
ing anhydrous phosphoric ae = Den collected, after passing 
an ingeniously-constructed m -valve, in a receiver over 
mercury. All these tubes are Jone. either by fusion or by the 
most carefully ground joints. By means of the heated copper 
oxyd, the hydrogen, which, by diffusion or mechanically, may 

mixed with the oxygen,—as well as the ozone produced by 
the electrolysis, ot the vapor of hydrogen peroxyd—if any 
there be—are destroyed. The entire apparatus is first washed 
out with several liters of pure oxygen chemically prepared, then 
with 16 liters of the electrolytic oxygen; after which the inhi 
being assumed pure, is collected. The second pices of appara- 

has a tube filled with sirens teeth acid in this posi- 
tion. rao in the former, Siemens’s tube, in the latter 
von Babo’s, s used for the electrization. With these vee 
tions s they are alike; a description of one suffices. 

apparatus vps pure oxygen, it is t seouile Sat the 
— “eee ame v4 one oo 

ith the omens gradua po the electrizing tu us 
thi submitted to the action of the 

* The Sictidlng Whe of von Babo is described in Prof. Johnson’s abstract 
above alluded to. 
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zone-mist appears, bangers momentarily in density until the 
flask, two inches in diameter, becomes perfectly opake. This 
experiment, performed is peste this way, was repeated 
twelve times, and always with the same result; Dr. Meissner 
believes therefore, that neither hydrogen nor nitrogen is in any 
way concerned in the production of this en mist. 

The second point, that the presence of aqueous vapor in the 
electrizing tube is not necessary to the result, was established 
te filling this tube with pure oxygen dried over anhydrous 
oka acid, then electrizing it, and, after intermitting the 

Sree » passing it through the solutions. The result was the 
same as befo 

Nitrogen having been shown to be without effect on the pro- 
duction of the mist, the especial apparatus for the electrolytic 
preparation of oxygen was given up, and this gas was obtained 
from potassium chlorate, and washed with a solution of potas- 

im moisture, though containing per erha aps a Sia of cues 
passing a stream of this electrized oxygen, first over phos- 

oe an i then gs iodid of potassium solution, and 
afterward t 
Meissner believes heretics “that these experiments, not once 
only or a few times repeated, but performed very frequently, 
prove the following point: that the mist formed by de-ozonized 
electrized oxygen with | Beatie appears when neither 
chlorine, nitrogen, ammonia, pase neat nor watery 
vapor is present in the tube i ri ee rizing occurs; an 
that the presence or a of neither of these scm is exod 
sary afterward for its formation. That in other words, the mis 
pee coee jorde uires only dry electrized oxygen, the peel 
iodid used e-ozonization, and the vapor of water, for its 
pro uction. 

'p 
sorbing the ozone, and thus setting the pasar oxygen 
free, Meissner proves by ai this substance by a great gen 
riety of other bodies, differing widely in chemical 6 erties and 
— only in the alerted of absorbing ozone. i 

—which m m even a trace of gallic acid— 
potassium ferroc ' anate, the . 
phids of potas 4 sodi barium sulphid—the hydrosul- 
phurys a ing the de-o: zonized oxygen 
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ceiver of water—ammonium sulphid, hydrosulphuric acid, sul- 
phurous acid—either free or as sodium sulphite—and ammonio- 
ferrous tartrate, were all used with good results, the ozone being 
entirely removed. It is not necessary however, to absolutely 
de-ozonize the oxygen, in order to produce the mist; partial 
absorption will produce it, though it is weaker in proportion to 
the amount of ozone remaining. By using potassio- or sodio- 
ferrous tartrate, instead of the ammonia salt, such a partial ab- 
sorption is effected. The same is true of certain metals, when 
moistened with water; lead, zinc, copper, iron, tin, cadmium, 
antimony, aluminum, and thallium all giving the mist, though 
lead, zine and aluminum are the best for this purpose. Meissner 
compares the mist rising from these metallic bars to the cloud 
which rises from moistened phosphorus. Even carbon, in the 
form of gas-carbon, and sometimes animal charcoal, effects this 
absorption. The noble metals gold and platinum remain com- 
pletely unaltered in both moist and dry ozonized oxygen. 

of moisture, it is so tee converted. Mercury, perfectly dry 
and still, remains unaltered, i 

Sy ‘: er Ss iv] "B. ¢ 3 5° 
ag ae E mM ct A rs g tT! ™m 3 KR 

with, or — through water, not only without losing, but 
often wit i i 

mechanical or adhesive combination of oxygen and water, 
i c i Eclded, gradually 

, fine fluid drops collecting upon the walls of the 
vessel which when examined are found to be pure water, con- 
taining’ possibly under certain conditions, a trace of hydrogen 
peroxyd.” en passed through strong sulphuric acid, or over 
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aco chlorid or ‘hing ehBeE anhydrid, the cloud disappears 
because of the removal of the water; but it reappears again, 

I. 

the absorbent employed; as iodine and traces of iodie acid 
from otassium iodid, ammonia, hydrosulphuric gas, and 
probably, also, traces of ammonium nitrate. But all de-ozoniz- 
ing substances do not yield such ae and even these may 
be removed without affecting the m 

gain, may not the mist be ‘ited used either by the action of 
the oxygen unaffected by the electricity, or by the action of 
the ozone which thus results? Oxygen itself, under no known 
conditions, exhibits this property ; aa as to ozone, the above 
experim ments show that it may be completely removed by vari- 
ous absorbing solutions without interfering with the pheno- 

eno 

pound of ozone and water, the de- sitet oxygen, va care- 
ful drying, would yield water when subjected to a high tempera- 
ture; Meissner however, has failed entirely to detect ay mois- 
ture under these circumstances. Final , the only known 
compound of water and oxygen, ASS ae peroxyd, forms no 
such mist. If eieretans neither the ozone itself, nor any com- 

ascri es 
Assuming now the existence of antozone, Meissner proceeds 

to study more minutely the action of absorbing agents, with 
ecial reference to this substance. He divides them into two 

classes, one of which removes ozone alone from the solution, the 
other absorbs both modifications. The fi rst substance examined 
is p ie acid itself, by which he 2 ozone is completely 
removed, the solution becoming beautiful hyacinth-red in 
color; but, unlike the action of the alkaline -Pytogallates, the 
free acid removes also the antozone, so that not a trace of mi 
Am, Jour. Sc1.—Srconp Serizs, Vou. L, No, 149.—Sepr, aaa 

14 
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appears when the gas is subsequently passed through water. 
On adding a few drops of sodium hydrate, the liquid becomes 
dark brown, and the mist at once appears. Meissner accounts 
for this result, by supposing that in the oxydation of the free 
acid both ozone and antozone are taken into combination in 

sulphurous aci o equivalents of oxygen are required for 
every two of sulphur; and to oxydize thio-sulphurous acid 
four equiv: en are needed to t phur ; 
Meissner believes that the two of oxygen in the former case are 
ozone; while the two times two in the latter are not of equal 
value, one pair being ozone, the other antozone, atoms. So 
also by the use of arsenous acid as an absorbent, both modifi- 
cations are removed from the electrized stream of oxygen, both 
when the acid is free as well as when its sodium salt is em- 
loyed. By using a very dilute solution, or the ordi satu- 

rated solution in small amount, the ozone may be imperfectly 
removed; and by passing the gas afterward through potassium 
iodid solution to remove the ozone entirely, the antozone which 
remains gives a feeble mist with water ; th i 

rticular interest is the action of electrized oxygen 18 
y 

ist upon their surfaces are placed in a horizontal glass tube, 
and subjected to the current of electrized oxygen, they shortly 
become covered for a short distance from the end of the tube, 

experiment continues, the other pieces remain unchanged, and 
not a trace of either ozone or antozone issues from the tube. 
So soon as the electrical action ceases, and ordinary oxyge® 
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again enters the tube, the yellow crust a to be again 
formed as often as the electrized oxygen acon r it. Since 

remains. In the one case partial absorption of both is equal, 
in the other unequal. One of these classes requires for its 
oxydation more ozone than antozone, the other requires them 
in equal proportions ; —_ there is a third class requiring 
more sige than oz 

important prac aoundl application is _— of these facts to 
the Pa ao of potassium iodid as an absorbing solution. 
A neutral solution of this wath becomes alkaline a 
subjected to the action of ozone, and contains free 

te, which, acting as above, diminishes the antozone. By 
So arranging the apparatus that acid or alkali can be added at 
pleasure to the iodid solution, the mist is seen to be diminished 
on making it atk line and increased when it is made acid. 
The neutral solution of potassium iodid is not therefore a suita- 
ble de-ozonizing agent, if it is desirable sl it to pro- 

served was obtained by ammonium sulphid as de-ozonizer, 
this compound absorbing mor ozone and less antozone than any 
other substance tried. hen ammonium hydrate is submitted 
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which it deposits is found to contain nitric acid which comes 

from the oxydation of the nitrogen of the ar. Solutions of am- 
monium carbonate act in the same way. e energy with 
which ammonium sulphids absorb ozone, is further shown by 
the fact that, like moist phosphorus, some of them can polarize 

sources of error were avoided, and the conclusion established 
that t the antozon t, the ozone must first be wholly LOAL U p GUUCEe LOE 

or partially removed. 
“As the result of many oft-repeated experiments,” says 

Meissner, ‘‘it may be asserted that there is no single fluid 
through which, or no single solid over which, electrized oxygen 
can be passed without exerting action upon it; even 

bestus, co 
charcoal-powder, or finely broken coal, destroy the ozone and 
antozone in electrized oxygen. Even after the removal of the 
ozone, if the mist passed over finely granular calcium 
chlorid, the antozone will disappear. The same is true 0 

- liquids; a sulphune acid valve included in an apparatus to 
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prevent the entrance of moisture into the electrizing tube, 
lessens the amount of ozone and antozone obtained. 

IL. 

Section II treats of the “ Quantitative estimation of Ozone, 
and the contraction of volume on electrizing oxygen.” The 
apparatus employed is similar to that above descri ed, the elec- 
trizing tube being calorie to enclose a thermometer, and hay- 
ing a delicate mercury-manometer sapodest ad to it. A bulb- ae 

Lorene In making an observation, the apparatus is filled 
pure oxygen, the manometer, barometer, and thermometer 

“4 the ox ygen ele ctrized, time allowed for the 

quantity of active oxygen determined: Ist, by the increase in 
weight of the bulb apparatus, and 2d, by poration with sodium 
thio- -sulphite or occasionally, sodium sulphite. The free iodine 
is first determined, and t en the solution is acidulated with 
hydrochloric acid; the hydriodic acid thus set free reacts 
with the iodic acid to set free more iodine, which is then 

‘87 
given in the tbl, this proportion is not reached, but varies 
from 1:149 to 1:18. This variation, observ ed by other 
experimenters, was Peep ioral B. “Tt was found not to be due 
to the action of the unozonized oxygen, nor to an 
iodine in the care nor to imperfections in the titrition 
itself; nor did i hen the iodine was completely 

passing, ee the fact that ozone is — y a modification 
ydrogen peroxyd 

is produced in it; and that the iethed of experimenting here 
employed is free from. errors. He believes too, that the varia- 
tions observed when the potassium iodid is incompletely oxyd- 
ized, may be due to the production of some intermediate oxyd 
of iodine ; and thence, regards the method by weight as less. 
liable to error in estimating the amount of ozone, than the 
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method of titration. If, however, the solution of potassium 
iodid be either very dilute or tas ‘concentrated, or particularly, 
if it be acidulated ; or, what is the same thing, i a solution of 
ydriodic acid be used, —in which case no iodic acid is formed 

—then the method of titration becomes accurate, the results 

agreeing with those obtained by weight. The objections how- 
ever to the acidulated potassium iodid solution are: Ist, there 
is a loss of iodine, carried off by the antozone; and 2d, the 
iodine see in thick masses of crystals which stop entirely 
the delivery tu en too, the ozone enters the absorbing 
solution very dense, as when a given portion of oxygen is 
electrized for a long time, and then passed at once into it, the 
differences between the results of weighing and hen, are 
very much increased; the results then varying from 
1:4, instead of 1: 15°8 

e experiments on the influence of electrical tension upon 

bserved contraction, the ratio of 1-984 to 1; essen- 
tially: of 2:1. That is to say, the portion of deonesed oxygen 
absorbed by potassium iodid, weighs twice as much as the 
volume of a one disappears during the electrization. 
Thi traordinary, that the experiment was care- 
fully repeated, the ‘potnivta iodid being completely oxydized ; 
the oxygen absorbed weighed 00182 grams, the contraction of 
volume 0°00938 grams, being virtually 2:1. Meissner is not 
rep to claim this numerical relation, however ; he si 

maintains that the electrized oxygen absorbed by the iad 
weighs more than the volume corresponding to the contraction 
observed. He then goes on to diseuss the methods by which 
Andrews and Tait, and von Babo and Claus, came to different 

ts; criticising in the former case, the apparatus used, me 
formula for calculation, and the method of determining t 
ozone by titration ; and in the latter, the use of a neutral a 
of peg iodid having a wrong concentration, and the velo- 
city of the stream of oxygen, both of which, as shown above, 
affect the agen — to aes s results, which were made with 
oe Oxy Meiss r merely remarks that if ri 
*with the use ms a acute! spleGon of iodid as # apap ent, 
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tions of oxygen je Ayes oi ig electrization ; while the ratio 
of the two present, is unkno 

Finally, Meissner takes nd ‘the question of the electrizing of 
confined oxygen. He finds that the limit of the production of 
ozone is nearly reached in the first 10 to 20. nines that on 

cent, corespontin ing to rt z, instead of ;'; as obtained fe Andires 
and Tai 

ozone to common oxygen, increases in activity with the density 
with the a of electrized oxygen, and, in a given appa- 
ratus, wi i 

character of the Ricyaasiep so that for every apparatus there is 
a limit to the production of ozone, beyond Thich, if the tension 
be increased and the glass be not broken, the ozone and ant- 
ozone rapidly disappear. If the oxygen be dry, it retains its 
diminished volume for many days; but if moist, much less 
electrized oxygen is produced, an an disappears entirely i in the 
course of two days. Mercury ia 2 to have a specific 
action in destroying electrized sayin 

This second research of Dr. Meissner, though not as startling 
in its results as the first, is yet quite as valuable a contribution 
to science. He has s fully established the main positions taken 
in 1863, and it cannot longer be doubted that electrized oxygen 
contains two modifications of this element. bearing of 
this fact upon our theories of ozone is evident. 

ART, ie of Sclerostoma uicola, a new species 
of Entozoa, from the Hog ;* by RE VERRILL. i 

ra two occasions A have received specimens of a rather 

ite, from the fatty portion of a spare-rib; in the 
nd Extractel from ‘“‘ The External and Internal Parasites of Man and Domestic’ 

Animals;” by A. E. Verrill, page 138, figure 89a, July, 1870. : 
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their sees Those which I owe to the kindness of Dr. 
White had been mounted in glycerine, as microscopic objects, 
and aie out flat, before hey, came into my possession, and 
the tissues were thus injured and the organs deranged. Those 
om Dr. Cressy were both pressed flat an nd dried. Yet by care- 

ful maceration, and considerable labor, I believe that most of 
the important characters have been made out. The body is 
rather robust, especially in the female, and tapers to both ends; 
the ee s yellowish white, and the integument is seen to be 
finely ted transversely, when acess es The 
hed: is aie than the body, truncated a 
end; the mouth is terminal, roundish, or some- a. ¢ 
what a surrounded by the thickened rim 
of the chitinous capsule, or pharynx. The edge y 
of this chitinous ring rises at intervals into four 
to six denticles, or very small angles, which 
correspond to thickened, longitudinal, chitinous 
bands, that strengthen the pharynx, and givea 
slightly angular form to the mouth. The phar- b 
ynx itself is small, short, and rather squarish, 
when seen in profile, and has three or four small, 
conical teeth at the bottom. The cesophagus is | 
thick, Bhar and very muscular. : ] 
The 1:12 of an inch long, and a L 

‘05 of an ee in diameter; the tail ends in a Past blunt lobe, 
united with two small, entire, m membranous expansions, one on 
each side, forming a a small bursa, which is strengthened by sev- 
eral short rays, the exact number of which could not be deter- 
mined in my specimens; there are two long, slender spicules. 
The females are 1-25 to two inches in length, and, as flattened 
between glass, they are “10 to 13 of an inch in preadth. The 
posterior end suddenly and obliquely narrows to a small coni- 
eal point, which is turned to one side. The anal opening is 
close to the end, and the genital orifice appears to be adjacent 
to it. The oviducts are long, voluminous, much convoluted, 
and unite in a large and capacious uterus, which fills a of 
the cavity of the body toward the posterior end. The u 
ane are both filled, in the larger specimens, sith. Am 

ense numbers of small oval eges. 
Tt is peobabls that this parasite is by no means uncommon. 

Figure 1 oes pinguicola Verrill; a, male, natural size; b, posterier end, 
enlarged, showing the bursa and spicules; ¢, ‘female, as size; d, anterior end 

g 

edhe iii, endatgei: chewing the chitinous capsule and 
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Art. XXIII.—WNotes on the structure of the Crinoidea, Cystidea 
and Blastoidea ; by E. Bruurnes, F.G.8., Paleontologist of the 
Geological Survey of Canada. 

(Concluded from this Journal, IT, vol. xlix, p. 58). 

6. On some points relating to the Structure of Pentremites. 

as 

YYYOG 
ee, 6 

1.—Calycine plates of Pentremites,—b, the basals; f, one of the five forked 
aun B deltoid LEW i, ere plate ; os, oral spiracle; s, spiracle. 
i Sigg — Caryocy testudinarius, Hisinger,—, basal plates; 7, radials; m, 

mouth. 

of growth. The radial system consists of the joints of the stem, 
the centrodorsal plate, the radial plates, the joints of the arms, 
and also those of the pinnules. In the perisomatic system he 
includes the basal and oral plates, the anit plate, the interradial 
pe and any other plates or spicula which may be developed 
n the perisom of the cup or disc. This I thinka good ae 
one except in so far as it regards the stem, which appears to 
me to be, ive a appendage of the perisomatic, rather than 
of the radial syste 
Throughout ua whole range of the Crinoidea, the plates of 

the radial and perisomatic systems, are easily distinguished from 
each other. In general, the Cystidea have no radial plates in 
ee calyces except, perhaps, in a small area around the ambu- 
lacral orifice. This acco well with an — observation 

* On en nutty © cud Antedon rosaceus Linck (Coma rosacea of La- 
marck). y Professor WYVILLE THOMPSO: oe Pi &e, Plmebicn Transac- 
ions of es Tnopal Society, Wee elv, Part TL | p. 54 
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of Professor Thomson’s on the structure of Antedon, while in 
the earlier periods of its growth. “The entire body of the Pen- 
tacrinoid is,” he says, “ at first, while yet included within the 
pseudembryo and during its earliest fixed stage, surrounded 
and enclosed by plates of the perisomatic system alone, and it is 
quite conceivable that plates belonging to this s stem may ex 
pand and multiply so as to form a tessellated external skeleton 
to the mature animal, the radial system being entirely ener 
or represented only in the most rudimentary form.” (Op. cit., p. 
541). Such is the structure of all of the Cystidea. On eats 
ring to fig. 2, it will be seen that the whole of the body of Cary- 
ocystites testudinarius, ' is covered with polygonal plates, without 
any trace whatever of a radiated arrangement. The plates are 
disposed in nine transverse ranges, garding the body like so gh 
rings. This species is, (and so are most of the elongated su 
cylindrical Cystideans) annulated ether than radiated, so far as 
regards the external integument. The lower range, below the 
line, 6, consists of the basals, whilst the upper, above the line, 7, 
may, possibly, be radiated. In all the globular or ovate Cysti- 
deans, with numerous plates, such as Spenonites, Malocystites, 
Comarocystites, Amygdalocystites, and others, the shell is neither 
annulated nor radiated, but composed of an indefinite number 
of plates, increasing with the age of the individual, and arranged 
without any well defined or ‘constant order. It seems clear, 
therefore, that the test of the Cystidea belongs mostly to the 
perisomatic system 

Tn Pentremites the three plates which are usually called the 
basals, consist each of two pieces, one placed above the other, 
gue in general, closely anchyclosed together. The lower pieces 

ntering angle, in their u tnd edges, for the re- 
1 i upon them. oii, 

To me they appear to be calycine plates. It is true that 
they do not form the bottom of the visceral cavity, but this 
may be due to the growth inward of the lower edges of those 
of the upper series. Something like this occurs in Antedon, 
where, at first, the bottom of the cup is formed by the basals, 
but afterwards rincipally by the first radials. 

The forked plates are usually called “ Radials,” but they cer- 
tainly do not belong to the radial system. If they did, they 
would represent the first radials of the Crinoidea, and therefore 
they should support the bases of the ambulacra. A little ¢ 
sideration will, however, enable any one to perceive shit tr in 
Pentremites the bases of the ambulacra, are situated in the apex 
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of the fossil, and do not come in contact with the forked plates. 
The apex x of Pentremites is identical with the actinal center of 
Sea-urchins and Star-fishes, in which the mouth is situated. 
is here that the ambulacra originate and grow outward by the 
addition of new plates to their distal extremities. There can be 
little doubt that such was the mode of growth of the ambulacra 
of the Pentremites. The smaller extremity, therefore, of their 
ambulacra, which is received into the forked plate, is not the 
base, but corresponds with the apex of the ambulacrum of a 
Sea-urchin or of aStar-fish. It also represents the tip of the arm 
of a Crinoid. If the forked plate is radial, then the arrangement 
of the ambulacrum must be the same as that which would be 
exhibited in a Crinoid, = the upper end of the arm down- 
ward, and resting on the first radial, whilst the lower end 
would be upward, the sip leg formed of the second radial. 
From this it follows that the forked a do not belong to 
the radial, but to the perisomatic syst 

The five deltoid plates alternate With ¢ the forked plates, and 
are also perisomatic. 

t is not certain that the lancet omen st represent any 0 
those “plates which in the Crinoidea y called “ra- 
dials.” They are so arranged that if faye were loosened from 
the walls of ee cup, and their smaller extremities turned up- 
ward, whilst their bases or larger ends retained their posi- 
te ‘they would stand in a circle around the apex, as do the 

s of an ordina rinol Their bases would alternate 
with the apices of the deltoid plates. They would form the 
outside of the arms, whilst the grooves and pinnulz would be 
inside. Hach would bear, on its outer or destin’ aspect, two 
elongated sacks, the two hydrospires that ined to the am- 
bulacrum. I believe that the small groove in the ambula- 
crum of Pentremites was occupied by the ovarian tube only. 
If this be true, and if, also, the lancet plates represent the 
radial plates of the arms of the Orinoid, then the arm of 
Pentremites would have the respiratory portion of the ambu- 
print —_ on its dorsal, and the ovarian portion on its ven- 
tra 

In the we Crinoids, both the respiratory and ovarian tubes 
are a in the groove in the ventral side of the arm.* In 

as Say, who was the first to recognize the Blastoidea as a group dis- 
tinct f frou he Crinoidea, also supposed the function of the ambulacra to be 

rocesses; these may al orm 
Scatandaes in ent fa food to the mouth, which was, perhaps, provided with an 

i bosci e animal fe 
minute beings that ‘oe nded in the sea water, ~ navel it obtained them in the 
manner of the ape by taking them in wi The residuum of di- 
gestion appears to have been rejected through the mont (Jour. Acad. N. 8. 
Phil., vol. iv, 296, 1825). 
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me Crinoids the pinnule are attached to the radial joints of the 
n Pentremites they are not connected with the lancet 

sate but with the pore plates. In P. pyrijormis they appear 
to me to stand in sockets excavated in the suture between the 
pore plates Proper and the supplementary pore plates. Miller 
compared the the series of azygos plates, which underlie 
that portion of. a ambulacrum of Pentacrinus that runs from 
the mouth to the base of the arm. These resemble the lancet 
lates, in their being azygos and not connected with pinnule ; 
ut then, on the other hand, they differ from them in having, 

a portion at least, of the respiratory tubes on their ventral as- 
pect. Mr. Rofe says that, “in many species of Pentremite, if 
not in all, this lancet Res is in reality a compound plate, 
formed of two eer lates, extending from the bottom of 

sum eke gee gs, mae pass down the adjoining sinus, to ees 
e 

1. M 
P. obesus (Lyon and Cassiday) which was given to me by Mr. 
Lyon, a polished section shows that one of the lancet plates is 
thus divided, but in general no trace of a suture can be seen 
in these plates. 

to have been exclusively ee by the ovarian res sends 
off branches, right a eft alternately, iowa! the sides of the 
ambulacrum. Thess branches do not run directly to the am- 
bulacral pores. Each of them terminates at a point between 
the inner extremities of two of the pores. There is at this 
cag a small pit which appears to be the socket of an append- 

e quite distinct from the pinnule. The groove does not 

pinnules, there pds id other rows of appendages on 
pe - e of the median gro 

eneral i a hich I have arrived from 
shaved are, that all the sietodigal slate that compose the shell 
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of Pentremites, belong to the Rus system of Professor 
Wyville Thompson; that it is doubtful whether or not the 
lancet plates oa Patel a with the radial plates of the Cri- 
noids; and t he ambulacra are more complicated in their 
structure ‘hick is ville supposed. 

7. . the Structure : the genus Nucleocrinus. 
5. 

ig. 3.—Apex of Nucleocrinus Verneuilii Troost. g, ambulacral groove; p, pore 
through which groove — se the interior ; s, one of the ten spiracles; mu, : 
oro-anal aperture. 4. prod of a specimen; a, the anterior in terradial. 

- Apex ~ a — etek ant ele  intoxzument that covered the center. 
e plates of the epee te the basals; c, 

plates of ‘the apex ; ¥ one of the “et anne 3 forked plate 

ether pon sintp to 
sabe the icipated basal plates of Pashenttis They 

presented at fig 6, 5, as figured by Mr. Lyon (Geol. Ky” col 
ii ny v, fig 1, 6.) 
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In the next series there are five plates which are mponieey 
the homologues of the five forked plates of Pentremites. 
are very short and confined to the base of the Tals. They 
form a shallow basin with ten re- entering angles in its margin. 

6, ig. 
‘Alternating above the forked af pate are five pieces corres- 

ponding to the deltoid or interradi of Pentremites. Some 
of these are lanceolate in form (fig. 6, d), their broader extremi- 
ties fitting into the angles betraar the forked plates. They 
taper to a point upward, and their sides are bevelled so as to 
pass under the am alacral age to which they are, in general, 
so closely united, that the line of junction is indicated paly by 
the difference in the markings of the surface. Owing to this 
structure, these plates have not always been recognized a the 
authors who have described this g enus. They were first point- 

eltoid or interradial plate is 

(mv, figs. 4, 6). The sutures on each side of this plate are gen- 
“aid “distinctly es especially in the upper part of the 

kav = two rows of pores, those on one side of the groove 
altern rie a in position with those on the other side. These 

into the hydrospires. There appear to be only two 
rows of ambulacral ossicles. The pores are situated in the 
sutures between them. On each side of the ambulacrum there 
is a broad erie k grooved marginal plate. From each pore 
a small runs across this plate. e grooves 
between the ridges originate at the outer extremities of the 
ambulacral ossicles. In well-preserved specimens the surface 
of these marginal plates exhibits no other structure than the 

verse grooves and ridges; but in one weathered specimen 
that I have examined, they seem to be composed of a number 
of narrow elongated pieces, arranged transversely, in such a 
manner that two of them abut pk. the outer extremity of 
each of the ambulacral ossicles, and extend outward toward 
the interradials. This seems to prove that the shape» lates 

I one mae a large ae of specimens, none of be 

Pans: seen enough to convince me that the ambulacra are 
more com Re is usually supposed. The lancet plate, if it 
occur at all in this genus, must be very narrow. The am 
eral groove, as in Pentremites, sends off branches, right and left 
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_ There is also evidence of the existence of minute marginal 
plates on ” side of the groove. 

The hydrospires are ten elongated sacks, 
each with two deep folds. They are per- 
ce homoge with those of Pentre- 

oe differing therefrom in not be- 
a tee in pairs; consequently there are 
ten spiracles instead of five. The mouth, 
or oro-anal orifice, is larger in proportion 
to the size of the bo dy than it is in Pen- 

tiirotigh’s reer e section tremites, Mr. Meck informs me that the 
gil the, bydrospires preserved. mouth in some of the Blastoidea is pro- 
tyarongieer ge" cacne of the tected by a single vale age ek it 
wu like the lid of a jug. m the structure 
of the one Tam ig to think that in Mi ais it pos- 

cen : 
hil., vol. viii, p. 380, 1. Sg fig. 17). His fi represents the 

fossil with the apex ae Ww ard » r. Fe . 3 

eh a to ie both mouth and vent, which accords with my 
lew. (Mon. der Hieueiik p. 878). In 1868 I discovered 

the five small pores at the apical extremities of the ambulacral 
re our., I, xevii, p. 353, and Annals Nat. Hist., 
V, vol. 4, p. 76). In ade it : difficult to see these pores, 

but if a silicified specimen, which has been fossilized in a cal- 
careous matrix, be aod: a an acid for two or three minutes, 
the acid cleans them out and they then become distinctly visible. 
I believe these to be the pores ugh which the ovarian tubes 

cles, five ovarian orifices, ‘and one oro-anal foertare, ere 
are no true radial P lates. The whole of the test with the ex- 
ception, perhaps, of the ambulacra belongs to the perisomatic 
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8. On the occurrence of Embryonic forms among the Paleozove 
Echinoderms. 

Fig. Bi tae asterigera Sars, —_? from mag 
ler). e ‘the stomac h; 0, part of the "bo dy of the larv: 
C, ambulacral centre, position of the permanent mouth, i 

ot open ; d, one of the five ambulacral canals ; 
e, san , madreporic plate; m, entrance into the 
stomach ; 0, cesophagus; p, larval — or pseudostome ; 
T, Cesop: ring; v, vent. 9. al figure described 
below. 10. Codonites stelliformis, sbunas ad to show 
both body and summit. 11. Summit of fig. 

No proposition in Natural History has been more clearly 
demonstrated than this:—That, in general, the paleozoic ani- 
mals resemble, both in external form and internal structure, the 
embryonic stages of those of the same class at present existing. 
Prof. Agassiz has long taught in his lectures and various pub- 

_lications, that this is especially observable in the Kchinodermata. 
Ju udging from the figures and descriptions of Miller, Agassiz, 
Thomson, Carpenter and others, I should say, that in this class, 
the most oicarge! resemblance is that which occurs between the 

n 1 h 
subjects dis¢ussed in these notes, is, that in all four of these 
groups, the mouth is situated in one of the interradial areas 
not in the ambulacral center, as it is in the adult forms of the 

existing Echinodermata. 
naria asterigera Sars, according to Miiller, the digestive 

cavity is a sub-globular sack without any extensions into the 
rays, as there are in the adult Star-fishes. The oesophagus, fi 
8, 9, isa fleshy, consistent bb, with a large mouth or pseudos- 

ing somewhat at dra Rey — mouth, and situated in one 
of the interradial The madreporie plate, f, and 
sand canal, e, the ‘aie telat the convoluted pists (when it 
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oceurs), are situated above the orifice, m, and between it and the 
ambulacral center, c. The circular space atc, is undoubtedly 
the homologue of the central space in the apex of Nucleocrinus, 
figs. 8 and 5, and of Codonvies, figs. sit and 11. It is also the 

water, and drawn i he es sack mE the mouth 
and cesophag by athe” action of interradial cilia. I believe 
that all the ossil Crinoidea, Blastoidea and Cystidea, ingested 
their food in this way, and without any aid whatever from the 
arms or pinnu 

- Perhaps there is no embryologist who will not admit, that it 
is possible for an animal like Bipinnaria to develope organs of 
reproduction and propagate 27 species, none of its other parts 
making any farther advance uch an animal, with some 

even with the surface, the swimming appendages aborted, and 
the vent closed up, it would resemble the cup of an Actznoer?- 
nus, fig. 9,a. The lateral orifice would then be both mouth 
and vent, as it is, at first (according to Prof. A. Agassiz, Seaside 
Studies, p. 125), in the embryo of Asteracanthion Berylinus. 
The ambulacral shale of Bipmnaria are the homologues, in 
a general way, of those which are found beneath the vault of 
Actinocrinus, and extend out into the grooves of the arms. If . 
the ventral perisome of the Crinoid were to be removed (the. 
internal organs remaining undisturbed) the arrangement dis- 
closed would be that represented in fig. 9,—a convoluted plate 
in the center with the canals radiating from it. The most strik- 
ing difference is the absence of the cesophageal ring. Accord- 
ing to the organization of Actinocrinus there could be no 
cesphagus at that point, and consequently there is no ring. The 
convoluted plate represents the ma ric apparatus. one 
sucking feet of the Star-fish, — probably, represent the 
spiratory tentacles that border the grooves of the Be ncds, sak 
modified into prehensile and rea actly organs. Bipinnaria 

ese two characters 
embryonic and Conese, a the Star- fish, but they were perma- 
nent in most paleozoic 
In ites stelliformis EFesicastas stelliformis Owen and 

Shumard), figs. 10, 11, the ambulacral ce poem: c, is completely 
Am. Jour. Sci.—SEconD vines, Vou. L, No. 149,—Sepr., 1870, 

15 
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closed. Five minute grooves radiate out to the extremities of 
the five angles of the disc. These grooves are identical with 
those of Pentremites ed Nucleocrinus and were occupied by 
the ovarian tubes. The ambulacral canals of the true Crinoids 
and of the Star-fishes are represented in a rudimentary condi- 
tion, in this species, by the wo As cra s which open out to the 
surface through the ten fissure-like spiracles, s. The oro-anal 
orifice is interradial. C. stelliformis in external form, the inter- 
radial Ios Bip of the mouth, and the closed ambulacral a. 

true org Its affinity to Codaster was first pointed out 
by Dr. C. A. White, who also “aia that it should be as- 
signed to a distinct era (Bost. Jour. N. H., vol. vii, pp. 
486, 487). The main nce rertaiotn the Cystidea and ie 

' Blastoidea i is, that in the airnase the hydrospires do not com 
municate with the pinnule, whilst in the latter the caniiaée 
of the pinnul and hydrospires are directly connected by the 
ambulacral pores. 

The developement of the recent Crinoid Antedon rosaceus, 
as described by Prof. Wyville Thomson (Phil. Trans., 1866), 
pursues a course that could not possibly result in the —. 
tion of such an animal as Actinocrinus. The aenideinke yey 

ae we cannot be said to be interradial in its position. 
cent Crinoid originates within the pseudembryo, — 

Eeclopen a mouth, vent and — of its own, all quite 
tinct from those of its nurse. 8 new, or permanent sone 
is for a ae time both oral and anak in its function, but al- 
though in this respect it resembles that of Actinocrinus, its po- 
sition in the center of the ambulacral system, shows it to 
Scale the mouth of the adult Star-fish, while that of Actino- 

rather homologates with the oral ‘orifice of the Bipin- 
starve At no time during its development does the ventral 
perisome exhibit the structure of that of the paleocrinoids, 
1. €., no orifice in the ambulacral center, and at the same time 
one in an interradial space. In the central position of its mouth, 

d in the possession of an cesophageal ring, Antedon stands 
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above Actinocrinus in rank, and between it and the adult Star- 
fish. In none of its stages does it resemble a Bipinnaria either 
in form or in structure. 

9. On some o - die come that have been advanced against the 
advocated in the preceding notes. 

In all the wed species of the existing Echinodermata, the 
mouth is situated in the center of the ambulacral system, and 
it is contended that this fact proves boy such must have been 
its position also in the paleozoic form 

This reasoning is not strictly logit. It is true that in the 
known existing species, the mouth is in the center, but it 
does not certainly follow that it is so in all the Echinodermata, 
living and extinct. Whether it be so or not in any particu- 
lar fossil species whose structure may be under investigation, 

question of fact which can only be positively determined by 
direct observation of specimens. On appealing to these we find 
that, in a large proportion of the foss i forms, there is no aper- 
ture in the perisome at the ambulacral center. It also becomes 
evident by the comparison that, in general, one paleozoic ad 
cies resemble the embryonic stages of some of the recen 
Kehi eet and that in these, (Bipinnaria for grants mn 
mouth is interradial. Rules such as is relied o case 
afford a ae amount of presumptive vient which how- 
ever, cannot prevail against material and visible fac When 
we e r 

center is situated, it is pices useless to pag one by de- 
duction.* 

as to induce the belief that it lived parasitically on the ntances 
The only answer I can make to this is that, admitting the facts, 
we must Bre = that space was left for a stream of water to 

Devonian and. ©. Carboniferous ages, were carfivorous, i i 
tg ved by the bored shells and Crinoids that are occasionally » 
ound. I have seen a number of such specimens, and several 
* The position of the ambulacral center may thus be found. When the mouth 

i ambulacral tubes usually converge to the center of the vault. 

easily recognized by its possessing a greater number of plates than do an one of 
the other four interradii. On the opposite side of the fossil is the sayrde arm. 
The ambulacral center is always situated between this arm ai and the mouth, never 
on the side of the mouth toward the azygos aacealia. 



236 E. Billings on the structure of Crinoidea, Cystidea, ete. 

years ago I read a paper on the subject (which was never pub- 
lished) before the Natural History Society of Montreal. There 
were several good Conchologists present, and the specimens ex- 
hibited were compared with bored shells of existing species. 
All pronounced the style of workmanship to be precisely the 
same. I have the Lguettage gar an operates that is bored 

h 
y Wace 

smuth, is a Codonites stelliformés, 
that is bored through one of the 
ambulacra. e view I took o 
the sairanh in my paper, was 
that the gasteropod ascended the 

a stalk of the Crinoid, and thrust 
alsa Steet ote ue a hr eeeoe en 0) oO carnivoro 

teraped. From t the Ciditer Lasmimne, 18 ges into the mouth of 
-ongieeuraa tag the lat The Crinoid then 
slowly drew its arm together, and held the shell “fast until 
both died. 
A third objection is the small size of the aperture in some 

of the species. In general, where there is no proboscis, the ori- 
fice e is from one- -twentieth to one-tenth of an inch in diameter, 

organisms. It is stated by Meek and Worthen that where 
there is a proboscis, the aperture is sometimes scarcely “ 
than one-hundredth of an inch in diameter.” I believe that in 
many such instances the tube filled up by calcareous deposits 
on its inside, and that when entirely obstructed, either a new 
aperture opened out in the side of the proboscis, or that the 
animal died. In Mr. Wachsmuth’s collection, I saw a speci- 
men with a second aperture in process of formation. A ticket 
was attached to it by him, giving this explanation. I am also 
informed that in some of the existing Sarge of Aniedon “ the 
mouth is an exceedingly minute apertur 
A fourth objection is that the svete is so situated that 

the arms could not have conveyed food to it. It is, however, 
proved by Dr. W. B. vue that = the recent Crin oids 
the arms are not prehensile o animal while feeding 
remains motionless, attached oy: its Sonat cirrhi to a stone, 
shell, or other object on the bottom. Its arms are either 
stretched out to their full length, or more or less coiled up, but 
quite immovable. As Dr. arpenter’s Te remarks have a very 
important bearing upon the subject, I shall take the liberty of 
quoting the following :— 
“Whatever may be the purpose of the habitual expansion 

of the arms, I feel quite justified at it is mot (as stated by sev- 
authors whom I have cited in historical summary) the 

prehension of food. I have domtdiinal y watched the results of 
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the contact of small animals (as Annelids, or stig ng 
and other small Crustaceans) with the arms, and have never ye 
seen the smallest cae vi te part’ of’ the ar ag to ¢ seize 

rey. Mo 
arms are so abuindicattipaft rite ete have not in ‘the sliateas de- 
gree that adhesive aoe which is possessed by the “ feet ” of 
the Ecuripea and Asrerrapa ; ; so that they are quite incapable 
of assisting in the act ‘of prehension, which must be accomplished, 
if at all, ‘either by the coiling-up of a_ single arm, or the 
folding-together of = bee arms. ow ave never seen such 
coiling up ; of an arm as could bring an object that might be in- 
cluded in it into neg near neighborhood ot the mouth; nor have 

seen the contact of small animals eet a single arm produce 
any movement of other arms towards the spot, such as takes 

arm, or by the consentaneous Gorare of all the arms together 
upon it, must be far too large to be received into themouth, which 
is of small size and not distensible Tike that of the Asrzroma.”* 

Farther on Dr. Carpenter says: 

“Tt was affirmed by M. Dujardin (Institut, No. “ye z dk 
that the arms are used for the’ ep gelled food in 

on the surface & which forms the floor of these eee yet I have 
distinctly seen such a eaphd passage of minute particles along 

i and Re 4 © ° } E, a | } ct ro ° i kh = a 3 ° Bu x) 

mouth, by the action of the fet cilia which (as I shall hereafter 
describe) Sringe various pane 8 of the internal wall of the alimentary 

would materia in the transmissio: minute 
ticles ae those portions of the ambulacral (?) furrows cS 
mediately lead toward it ; and it is, I feel satisfied, by the con- 
joint agency of these two eo poe that the alimentation of 

tedon is ordinarily the very numerous aoene s 
Arran the contents of whose digestive cavity I have exam- 

ined, I have never found any other than microscopic pobre: 
sd “Soares on the givorgeme ge 3 Physiology, and Development of Antedon (Com- 

Lamk. us.—Part I. By W Carpenter, a D., F.R.S. Philosophical 
Transactions of the Royal Society, vol. sly Part II. 1866 
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) 
mentary particles; the most common recognizable forms being the 
horny casings of Enromosrraca or of the larve of higher Crus- 
TACEA.” (Op. cit., p. 700). 

The existence of large cilia within the intestinal canal, capa- 
ble of producing a powerful indraught of water, renders any 

acephalous mollusca. The indigestible particles would be, 
through the mouth, just as a 

Star-fish or a Zoophyte frees itself of the refuse portions of its 
food, by casting it out of the same aperture through which it 
entere 

10. On the Theory that the ambulacral and ovarian orifices are 
the oral apertures. 

Assuming that the four objections above noticed are sufli- 
cient to prove that the aperture which I call the mouth is not 
that organ, it is contended that the Cystidea, Blastoidea and 
Palzeocrinidea ingested their food through their ambulacral and 
ovarian orifices. This appears to me in the highest degree im- 
probable. In the recent Crinoids the grooves of the arms are 
occupied by four sets of tubes, which Dr. Carpenter calls the 
coeliac, the sub-tentacular, the ovarian and the tentacular canals. 
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In ae. 13, Ngati — _ the cant ied the 
mallest specimen of ‘Caryocrinu vatus, 

in our co Menton selected for he Scena 
. _ «) purpose because in the young of this spe- 

"@: ®, / cies, the valvular orifice is larger in pro- 
ere portion to the size of the dise, than it is in 

the adult. It is in this specimen, about 
one-third of the whole width of the apical disc, while in a full 
grown Caryocrinus it is only one-ninth of the width. The 
same proportional size of the mouth according to age, occurs in 

o ° bd 

Sensi t Lwael say that they were 
According to the new theory, this Pe ehee es tae 

ornatus was a polystome animal, and drew in its food es : 
its six ovarian hep abes the large valvular one being the 
anus. ‘To me this appears to be utterly incredi 

In fig. 14 I have Te peceaien the mouth of Jeakea mirabilis 
Gray. Both Dr. lL E. Gray and Prof. Lovén have pronounced 
this aperture to have the structure of the valvular orifice of the 
Cystidea. I have not the slightest doubt wer es but that the 
mouth of the Cystideans foreshadows that hi 
There is nothing whatever in its structure iy Sac that it is not 
the mouth but on the contrary. 

The new theory is not founded upon any peculiarities in the 
structure of the ambulacral orifices, bear would show that 
they are oral apertures, but only u the four papeeions 
above noticed. The first of these is BoE logical, while at the 
same time it is Bie fa theoretical, and avai ates against 

i 

stance, i. e., according to the second the supply of water to the 
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mouth, is diminished by the occurence of a Platycerus over it, 
ian ‘according to the third, the same effect is produced by 
the small size of the aperture ‘itself in some instances. It does 
not require much consideration to convince one, that if these 
two ——— are fatal to my views, they are equally so to the 
opposite theory. In C. stelhformis, for instance, the pores 
through which we must suppose the ovarian tubes issued from 
the interior are only large enough to admit of the passage of a 
fine hair. Théy are scarcely visible to the naked eye. The 
tube, under any circumstances, must have filled them almost 
entre. Tf any space at all were left for the passage of a 

am of water through the pore by the side of the tube it 
oun have been exceedingly minute. 

mn weighed as above, therefore, the evidence gives the 
following results :—The first and fourth objections avail noth- 

second and third militate against both theories. But 
when we take into account that in no instance, in the existing 
Echinodermata, where ovarian pores occur, are ‘they at the same 
time oral orifices, the balance seems to be in favor of my view. 
This is all I desire to say upon the subject at present. Although 
I now firmly believe that the valvular orifice in the Cystidea, 

the larger lateral aperture of the Blastoidea, and the so-called 
proboscis of the paleozoic Crinoids are all oro-anal in function, 
yet I shall not maintain that view obstinately against tie 
reason shown to the contrary. 

ART. a butions to Chemistry “ih the Laboratory of | 
o. 12. the Lawrence Scientific School. 

§ 1. 

On the precipitation and determination of the metals of the magne- 
stum group in the form of oxalates; by W. Goutp LEISON. 

Pror. Grpss has recently* called attention to the fact that a 
number of metallic oxyds may be completely 9 sa ae eg from 

provided that a 
large excess of alcohol be also added. As it is not easy to 

the res of calcic oxalate precipitated in the ordinary manner. 
The following investigation was ‘ch dlertain for the purpose of . 
testing this method of analysis :— 

* This Journal, xliv, p. 213. 

gespecicnt MM a attos 

a 
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Cad 
ble quantity of water, oxalic acid added in excess, and then a 

that SH, gave in the filtrate a scarcely perceptible yellowish 
tinge. The oxalate was washed with alcohol by Bunsen’s 
method and dried at 110° C., until every trace of aleohol was 
expelled. The filter was then pierced with a glass rod, and 
the cadmic oxalate washed into a flask with hot diluted sul- 

pr. ct., 44°65 pr. ct., 44°88 pr. ct., and 44°27 pr. ct. of cadmium, 
as computed from the oxalic acid. These results are all much 
too high, and show that the acid had acted sensibly upon the 

ter. Two other experiments were then made. In the first 
a hot solution of ammonic sulphate was used as a solvent for 
the oxalate; in the second hot dilute chlorhydric acid was em- 
ploye the hypermanganic solution employed 100 c¢. c. 
contained 01108 gr. of available oxygen. 
I. 04330 gr. cadmic AP aig required 24°5 c.c. hypermanganate 

‘ et. C = rT. 

Ul. 0°3724 gr. canis sulphate required 21-1 ¢.c. hypermanganate 
= 43°74 pr. ct Cd. 

The received formula 3CdSO ,+8H, O requires 43°75 pr. ct. In 
these two analyses the filters were not broken. - 
-Barium.—Barie chlorid gave extremely variable results in 

my first experiment, notwithstanding the fact that the barium 
is completely precipitated by oxalic acid and alcohol. The 
resulting oxalate, after washing and drying, was not completely 
decomposed by sulphuric acid, which appeared to form a crust 
of baric sulphate upon the crystals of the oxalate. This diffi- 
culty was finally overcome by dissolving the baric oxalate in 
chlorhydric acid and diluting the solution largely. In this 
manner: 

0°6505 gr. barie chlorid required 80 ¢c.c. hypermanganate = 56°21 
pr. ct. Ba (100 c.c. hypermanganate solution contained 0°053 
gr. available reef The formula Ba Cl, + 2H,0, requires 
56°15 pr. ct. Ba. 

Strontivm.—To avoid the use of paper filters so as to be 
able to employ sulphuric acid as a solvent, I resorted to sand 
filters. «A tht funnel was ground truly cdnical near the throat. 
A little pear of glass with a long stem was then dropped into 
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could be lifted from its seat, and the sand and pee 
—. — into a flask, after careful drying. With this 

Serenger 
0° ich As mahi nitrate required 47°8 c.c. hypermanganate = 

0 $007 gr. desi nitrate required 40°8 ¢.c. hypermanganate = 
‘90 pr. ct. SrO. (100 c.c. ae eS solution con- 

tained 0°1099 gr. available oxygen 

The formula Sr(NO,), requires 48 93 pr. ct. SrO. Sulphuric 
acid only was used to decompose the oxalate. 

Calcium.—Iceland spar was dissolved in chlorhydric acid, 
and the solution treated with oxalic acid and alcohol. The fil- 
trate contained calcium. When, however, the solution was 
evaporated to ess before adding alcohol, and the oxalate 
was washed on a sand filter, no traces of calcium could be de- 
tected in the filtrate. In this manner: 

05090 gr. CaCO, required 70°6 c.c. hypermanganate = 56°10 pr. ct. 
pac (100 c.c. hypermanganate corresponded to 0°11559 gr. 

0°5590 eae CaCO, required 77°5 c.c. hypermanganate = 56°08 pr. ct. 
CaO. (100 ¢.c. hypermanganate corresponded to 0°11495 gr. 
oxygen.) 

The formula requires 56°00 pr. ct. CaO. Sulphuric acid only 
was employed. 

Magnesium. —When magnesic mie. is treated with oxalic 
acid, the mixture evaporated, but not to dryness, and alcohol 
added, ee filtrate is perfectly free from magnesium. In this 

0°3243 gr. +. MgSO +7H,0 required 39°6 c.c. hypermanganate = 
pr. 

0 ase gr. be t Atgo. 7 H,O required 48°4 c.c. hypermanganate = 

Tn say ale the oxalate was collected on a paper filter 
and washed into the flask with water after piercing the filter, 
which was se with cold dilute sulphuric acid. The fo rmula 
requires 16°26 pr. ct. 

inc.—Zine is completely thrown down from its sulphate by 
the iinmanlified rocess. The oxalate forms an extremely fine 
powder. Me sand filter and warm dilute sulphuric acid were 

e 
0°9301 gr. sulphate required 47°1 c.c. hypermanganatee= 28°14 

n . 
10788 e. _ sulphate required 54°6 c.c. hypermanganate = 28°15 

Phe 
The pa te requires 28°22 pr. ct. ZnO. 
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Cobalt. piriaee bose oe! anhydrous cobaltous chlorid was pre- 
pared by igniting chlorid of purpureo-cobalt. The chlorid was 
then precipitated by oxalic acid and alcohol, collected on a san 
filter and digested with a sulphuri The solution 

took its iw * In this 

0°4292 gr. CoCl, ee 47°8 c.c. RE = 45°30 pr. ct. 

0°3657 or. CoCl, required 40°8 c.c. hypermanganate = 45°37 pr. ct. 
Co. 

for about half an placing the alcohol as fast as it evap 
orated. The paerrrs ius foal riggs on a paper filter, and, after 
washing, dissolved in e filter. The was 

charged by a ae a of cobaltous eat In this manner: 

0°9585 gr. Pata Peep ae required 42-2 c.c. hypermanganate 
me 

1°0287 37 gr. aidkelous s eulphate required 45°3 c.c. hypermanganate 

The en sn. + 6H,O requires 28-24 pr. ct. NiO (Ni = 
58), but it is very difficult to obtain the sulphate in a perfectly 
definite state of hydration. 

anganese.— Although manganese is completely precipitated 
from its soluble salts by oxalic acid in the presence of alcohol, 
my results with the method have not been satisfactory, owing 
as I suppose to my not having a definite salt for analysis. The 
following analyses show at any rate that closely corresponding 
results can be obtained when the same substance is taken : 

0°3760 gr. manganous oxalate required 30°50 c.c. hypermanganate 
= 38°38 pr. ct. MnO. 

0°4013 aA pice ars required 32°55 c.c. hypermanganate 
8°38 pr. 

pr. ct. 
* Compare, as regards this method, W. Gibbs, in this Journal, vol. xiv, p. 204. 
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Tron.—Good results could not be obtained by the en 
of this method to the determination of iron, but I am a 
present able to assign the reason of the failure in this in 
To complete my work it remains for me to point out the 

appncibilie of the process to the determination of the whole 
quantity o of oxygen contained in a number of bases present 
together in solution—a problem which is sometimes of interest. 
Sulphates of Manganese, Magnesium, Nickel, Cobalt, Cad- 

mium and Zine in undetermined quantities were dissolved to- 
gether in water, and the solution well shaken. Four portions, 

gen in the acid was then calculated from the amonnt of baric 
sulphate this manner it was found that the oxygen in the 
acid was to that in the mixed bases as 3 to 1 a nearly, the 
precise ratio being in the one case as 0-054 is to ae and in 
the other as 0°055 is to 0018. Another experiment w ae 
with a crystallized dolomite containing 0°45 pr. ct. of canta 
residue. The lime, magnesia and iron were precipitated to- 
gether, and titrated as oxalates; the carbonic acid was deter- 
mined by ignition. In this manner the oxygen of the acid 
was found to be to the oxygen in the bases as bes ‘48 is to 17-28. 
The bases after ignition amounted to 52°41 

In another experiment with a dolomite oie a "different local- 
ity containing 0-13 pr. ct. of insoluble residue, the oxygen ratio 
was found to be as 84°56 is to 17-28, the bases amounting to 52°33 
pr. ct. Roth we calculate the relative quantities of calcic and 
magnes nat m the sum of the two oxyds in the last 
sian a the oxygen oad by titrating the oxalate, we find: 

MgCo, 1 - = “3 42°77 
CaCO, - - - a - 57-07 
Insol. residue a = : 0713 

9g 97 

eration of the use of potassic Eypennatgenat, w which will 

who employ this reagent fre- 
cgaeertty in f yaltanege analyses. 

§ 2. 

On new analytical processes ; by J. H. TALBOTT. 

On the precipitation of zine and manganese as sulphids.— 
Zine is thrown down from cold solution by an alkaline ysulphid 
in the form of a slimy mass which settles slowly and is ex- 

Sa ee a ye 
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tremely difficult to wash. The precipitation is, however, more 
complete than when sodic carbonate is use 
dered very easy and rapid by the following process : The Aes 
tion of zine, if acid, is to be neutralized as nearly as possible 
bye pave or ammonie carbonate. To the boiling solution sodic 

monic sulphid is to be added, a large excess being very 
d The white pr ecipitate, on anes boiling, 

soon becomes granular, and settles rea eer sirtronaney 

a gr. pure 220 ga gave 0 je gr. = 100-00 pr. ct. 
0°3208 gr. 0°3209 or. = 100-03 pr. ct. 
Otigee = 87 ee 2410 gr. = 99°91 pr. ct. 
01785 gr. “§ “ © 01784 gr. = 99°94 pr. ct. 

In zincic sulphate, which had probably lost a little water: 
0°6485 gr. gave 0°1851 gr. ant) = a ‘54 pr. ct. 
06510 gr. “ O1858 gr “ ‘54 pr. ct. 
OC198 gr. * Oe8 oe au 52 pr. ct. 

The formula requires 28°29 pr. ct. ZnO. The advantages of 
this process over the older methods of precipitating in the cold 
are, I think, ve aren even if only the saving of time be 
taken into considera 

Manganese may i ‘pedguans completely from its boilin 
solutions by precisely the same process. e flesh-colore 
sulphid is granu oa an . re even sandy, though not 
distinctly crys may be washed with the utmost 

snrone pha in the manner y Prof. Gibbs. 
To test the method with a perfectly de * yore 
manganous pyrophosphate was selec rat dissolved in dilute 
chlorhydrie acid, and the solution age neutralized by sodic 
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a ae eae in another as ae sulphid by ignition 
na currrent of SH,. In this man 

0°3132 gr. Mn,P,0, gave 0°3126 gr. aa P,0, = 49°56 pr. ct. 
Mno. 

0°3786 gr. Mn,P,O0, gave 0°2310 gr. MnS = 49°65 pr. ct. MnO. 

The formula requires 49°64 pr. ct. MnO. It is perhaps worthy 
of notice that ammonic sulphid does not fe ile iad 
manganous pyrophosphate under the circumstances above de- 
scribed. The greater portion of the salt is Pee ere at once 
as crystalline ammonio-phosphate of mangan 

2. On the quantitative separation of tin so tungsten. 
The quantitative separation of tin from tungsten has always 

been regarded as a difficult robe not hitherto solved in a 
satisfactory manner. The following method will, I think, be 
found to leave nothing to be desired as respects both ease and 
accuracy. It depends upon the fact that stannic oxyd, SnO,, 
is reduced by potiasit cyanid with great facility, while tungstic 
acid, WO,, undergoes no reduction, even when heated with the 
ceyanid to a ‘high temperature. The oxyds of tin and tungsten 
are to be heated in a porcelain crucible with 8 or 4 times their 

ized, ie thoroughly mixed with the ‘two oxyds. The mass is 
kept fu used for a short time, when the tin separates in the form 
of metallic pies while the tungstic acid unites with the 
alkali of the potassic cyanate and carbonate present. After 
cooling, the mass is to be treated with hot water, which dis- 
solves the alkaline tungstate and other salts, and leaves the tin 

metal. This is to be filtered off, washed, ‘dried and aude 

cipitated tungstic acid by means of an alkali. To test the 
method, weighed porte of ne stannic and tungstic oxyds 
were mixed and treated as abov 

0°6662 gr. SnO, and 0°5880 gr. Ho: gave 0°6679 gr. SnO, = 
53°24 Be et The calculated percentage of stannic oxyd is 
here 

0°7098 ly ‘Sn0, and 075460 gr. WO, gave aie oe a Sn0, = 
56°51 pr. ct, the calculated percentage bein 

05878 gr. SnO, and 0°4373 gr. WO, gave 0s gt Sn0O, = 
55°43 pr. ct., the calculat reentage bei 

bagi ae! SnO, and 0°4334 gr. O, gave ee gr. ‘sn0, and 
or, WO,. This corresponds to 
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Found. Calculated. 
Stannic oxyd, 54°01 53°92 
Tungstic oxyd, 46°23 46°08 

100°24 100°00 

As it might perhaps be objected to the examples given ere 
that I employed only purely mechanical mixtures of stann 
and tungstic acids, and that this is not the case which occurs in 
practice, I made the following additional analyses: Portions of 

the two ona ie precipitated together from the solution by nitric 
acid with the usual precautions. The ignited mixed oxyds 
were then fused with potassic cyanid, as above. In this man- 

0°7292 2 gr. a a sp echine of SnO, and WO, gave 0°4211 gr. SnO, 
ct. 

0-9826. gr. a fhe same gave 0°5661 gr. SnO, = 57°61 pr. ct. 

Tin cannot be separated from molybdenum by fusing the 
mixed oxyds with potassic cyanid, as the molybdic acid is 
always more or less completely reduced to a lower oxyd. 

§ 3. 

On the treatment of gelatinous precipitates; by THomas M. 
CHATARD. 

The inconveniences and loss of time which attend the wash- 
ing of gelatinous precipitates are familiar to chemists. Even 
the methods of washing recently introduced by Bunsen are not 
always poe y nat sinatra in their japoks § ie applied 

this class of substances. The following method 
found, I think, to give results which leave nothing to be de- 
sired: The solution containing the substance to be determined 

muse anal will be sufficient to show the degree of pre- 
cision attainable by this process in the cases of some of the 
more familiar As une eee es oe tassic di- 
chromate were dissolved in y oy small porti water, re- 
esi with chloehyttte sod and alcohol, the a he of alcohol 

led, and ammonia added in ex ian After evaporation, in 
the manner above described, the chromic sesquioxyd presented 
a greenish blue granular powder very easily washed. 
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0°7782 gr. K,Cr,0, gave 0°4023 gr. Cr,0, = 68°02 pr. ct. chro- 
mic acid. 

kage hg K,Cr,0, gave 0°8102 gr. Cr,0, = 68°13 pr. ct. chro- 
ger 

The Pa requires 68°04 pr. ¢ 
Alumina treated in the same P ats is also very easy to 
sh. 

2°4097 gr. potassic alum gave 0°2626 gr. Al,O, = _—— = pr. ct. 
1:9571 gr. “ -0'2130 gr. "= 8 pr. ct. 

The formula requires 10°86 pr. 
The Lee applies with slinbet equal advantage to iron. 

Weighed ns of ammonio-ferrous sulphate were dissolved in 
water, an ais chlorid sidid 4 in large excess to furnish solid 
matter to be washed out. The iron was then oxydized with 
nitric acid, precipitated by ammonia, and evaporated as above. 

1°5824 gr. gave 0°3229 gr. Fe,O, = 14°28 pr. ct. Iron. 
1°4840 gr. gave 0°3019 gr. “ = 14°24 pr. ct. Iron. 

The formula requires 14:29 pr. ct. 
Nickelous sige also loses its gelatinous character when 

treated as above. 02201 gr. metallic nickel gave, after solu- 
tion, precipitation as carbonate, and reduction by hydrogen, 

metallic nickel = 99-91 pr. ct. of the quantity taken. 
Gobelins carbonate may be treated in the same manner, but 
the alkali cannot be completely Miegoey out, and the method is 
in this case not to be recommen 

It seems at least extremely some that other gelatinous 
oxyds and hydrates will give equally good results when treated 
in the mannet which I have described. 

§4. 
On the eens . — sulphid -™ boiling solutions ; 

EPHEN P. SHARPL 

In the one 3s antimonous sul bia I have found it 
of very great advantage to employ the following process : 
the solution, containing as usual tartaric and free chlorhydric 
acid, a current of sulphydric acid gas is to be passed, the liquid 
being, — the passage of the gas, gradually heated to <a 
boiling The boiling is then to be continued for 15 
20 Dandies, She current = gas passing uninterruptedly, aantil 
the voluminous sulphid has become a dense granular powder, 
occupying but a small Sortie of the o volume of the 

Th sulphid. e sulphid may then be washed with great facility, 
and dried upon a sand filter at 200°-800° C. xn the deter- 
minations of reenciptdiee made in this Laboratory for some years 
have been executed in this manner, the results leaving nothing 

ie Set ln a la 
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to be desired. Arsenous sulphid does not become granular 
and dense under the same circumstances. In this connection I 
may be permitted to mention that the sulphids of nickel and 
cobalt, when precipitated from boiling solutions in the manner 
recommended by Prof. Gibbs some years since, should be fil- 
tered off, and washed pete ice after precipitation. In this 
manner there is no oxydation upon the filter, even during the 
drying of the precipitate. But if the sulphids are allowed to 
stand in the solution from which they have been precipitated, 
for even a few hours, they will usually oxydize upon the filter 
during the washing. 

§ 5. 

On the wii ie the principle of es into chemical 
; by Bryant Gopw 

The method of aan so frequently and so advantageously 
employed in physical investigations, has not, so far as I am 
aware, been applied to chemical analysis. It seems at least de- 
sirable that it fog se be so applied, and : will here give hm 

ribbed filter, sa is quickly washed with water rma 
boiled to expel air, the iron is wholly in the form of ferro 
oxyd, and the process of titration may be repeated a oe time. 
After a new reduction the iron may again be determined, and 
this process may be repeated until the volume of liquid becomes 
too large to be easily handled. The following analyses were 
made to test this process : 

0°4725 gr. ammonio-ferrous sulphate required in 5 successive titra- 
tions 49°0, 47°2, 48°7, 48°0, 48°5 cubic centimeters of potassic 
hyperman nate, 1 ec. corresponding to 0°0014 gr. iron. 

e mean of these 5 determinations gives 14°31 pr. ct. iron in 
the salt. 

0°4888 gr. e- aghe in - gh g wee: titrations 49°5, 48°75, 50°5, 49°8, 
49°7, 4 ee 49°5 © ypermanganate, the mean of whic 
gives 14°23 pr. et ia 

The formula requires 1497 Tr. 

These analyses, which 42 more practice and experience on 
my part would doubtless have corresponded much more closely, 
will at least serve to show that the principle of repeated obser- 
vations of the same quantity to be measured may sometimes be 
introduced into chemical anal 
Am. Jour. Sci.—Szconp Srries, Vou. L, No. 149.—SEpr., 1870. 

16 
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ART. seraednie’ the Corona seen in Total ane of the Sun; 
by Professor W. A. Nort 

CERTAIN observations made on the total eclipse of the sun 
of August 7, 1869, have led some of the observers to the con- 
hn that the freer seen on that occasion, rae in previous 

is of the nature of a Solar Aurora. meshes that 
it ne ae be catiodg sre that this theory is sina a one. 
It has been advocate several years by the widhior “of the 
present communication, ‘both 4 in publications and in public lec- 
tures. It is essentially involved in the explanation of the 
Zodiacal Light, propounded in his Treatise on Astronomy, 2nd 
edit. (1845); and in the — views set forth in a note 
ee to — ee ae of the topic of Terrestrial Magnet- 

na memoir on Molecular Physics, published in this Jour- 
mt (1864-6), * "Tt is distinctly presented in the last edition of 
the Treatise on Astronomy (1867), pp. 172, 174, 175, and 178. 

ropose, in a communication to the next No. of this Journal, 

of 1869, and of those of other observers of that and prebiots 
total alitnine bie lend a powerful support to the auroral 
theory of the ¢ 

This stitroeinetory? notice is now published mainly with the 
view of calling, at an early day, the attention of astronomers 
who may observe the eclipse of December next, to the me 
tance of noting the exact positions, with a to the oan of 

e cor- 

rof. Capelotti of observations on the eclipse of April 15, 
1865, made at Chili, shows the same to have re, the case in 
that eclipse. The delineations of the corona as seen in other 

win t 

is to be hoped that shianiene of sabenpient eclipses will ii take 
the precaution to ascertain these positions, and note them in 
their Reports. If they really have any general uniformity, in 
different eclipses, the fact aa fail to throw light on the ori- 
gin and nature of the c 

* See this Journal, vol. xli, No. 121, pp. 76, 77. 
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Art. XX VIL— Observations on Prehistoric arenlagy in Greece ; 
by GrorGE Finuay, LL.D.* 

A FEW objects belonging to the stone period were observed 
in Greece before it was known that they are relics of the people 
who inhabited the country in prehistoric times. The pieces of 
obsidian, generally called, flint by travelers, that were picked 
up on the tumulus of Marathon, were termed Persian arrow- 
heads. This arose from a strange misapplication of the men- 
tion of stone arrow-heads having been employed by the Ethio- 

elers, was misled this opinion. He is s, “while I was 
employed on the summit of the Soros, as the tumulus of the 
Athenians is called, my servant amused himself in gathering 

by the Persians who fought at Marathon, and to have been 
interred with the Athenians after having been gathered from 
every part of the plain after the battle. Her odotus shows that 
some of the barbarians were armed in this manner, though his. 
remark is applied not to the army of Darius but to that of 
Xerxes. Flint of this kind, if produced i in any vd the adjacent 
parts of Greece is at least very rare.’ in Northern 
Greece, vol. ii, p. 481). The great quantit wid small size of 
the fragments found in the tumulus of Marathon Loupe the 

* From a letter to Mr. H. T. uke dated Se A, Feb. 26, 1870, communi- 
cated by him for | this Journal. 

+ A classical and topographical tour through ee during the years 1801, 1805 
and 1806, by Edward Dodwell, Esq., vol. ii, p. 15 
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Gell, in a Itinerary of Greece, page 166, mentions that similar 
fragmen of flint are found at the oxlory 600s, where was the 
tomb of "ons and he adds “perhaps a confirmation of the 
discomfiture of the barbarians in the Odos schiste.” These frag- 
ments of obsidian, wherever they are found in Greece, are now 
admitted to be relics of prehistoric times, and a careful exami- 
nation of the tumulus of Marathon convinced the writer of 
these pages, as early as the year 1835, that they were scattered 
about in the soil in their actual state when it was heaped up to 
form the tumulus over the bodies of the Athenians who were 
slain in the battle. oe material is obsidian from the island of 
Melos. 

No siadiciose = the existence of a stone period appear 
to have reached the inhabitants of Greece in historic times, 
though the mythical gtd of the remains ss as ae and 
Lykosura ascend almost to the prehistoric a As I have 
already mentioned, my attention was first led. to the certainty 
that a numerous race of people in Greece used stone imple- 
ments by the fragments of obsidian picked up on the Sane 
at Marathon. I subsequently observed that similar fragmen 
of obsidian are found in various parts of the cE a a in 

ows of the oe I und myself similar chips of 
obsidian over all a, and in many parts of Greece, and 
seve he ee of the Archipelago, where no native 

attention was directed to the subject. I have picked up these 
so-called Persian arrow-heads even in the now barren island of 
ydra. My first notice on the subject was published in the 
eh <i 3 In that year, while examining the topography of 

discovered the extensive deposit of fossil bones at 
Pikermi, of which there is a valuable collection in the Museum 

also at Liven near Aphidna, at Kakosialesi near T , an 
at Aghios Kosmas on the Attic coast. When my memoir on 
the battle of Marathon, which was read to the al Society 
of Literature in January, 1838, was printed, I added a note 
“concerning the pieces of flint called Persian arrow-heads 
foun ~ in the tumulus at Marathon.” (Transactions of the 
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I have since collected several specimens of stone implements, 
particularly celts, that is, axes and chisels very similar in form sa 
those found in the lake dwellings of Switzerland. I hav 

to the Museum, with a similar piece which rocured at 

in ecsot: storic times, and where there is still a ae Two 
small axes found at Orchom menas, near the lake Copais, were 
ihe cf me by Mr. Merlin, Her Majesty’ s Consul for Northern 

Tako dwellings continued to exist in Macedonia down to the 
time of Herodotus. His description (Terpsichore, v, 16) proves 
that the dwellings of the Pzeonians, in the Lake Prasias, were 
very similar to those constructed on the lakes of Switzerland. 
E- ae who dell on the lake Prasias construct their dwellings 
n this mann Jenks fix strong ape in the lake, and on these 
ails they Sesicte * , making a bridge with a narrow entrance 
from the land. es supporting the planks were in former 
times end by om nee in common, but afterward the 
law established that every one who married a wife (and they 

take many = should bring down from Mount Orbelos 
three piles and fix them in the lake. The manner of their 
dwellings is in this fashion. Each man has his own hut on the 
piles, and a trap door through the flooring by which he can 
descend to the lake. The young children are tied by the foot 
lest they should fall into the water.” The lake Prasias is the 
lake of the ptgmmos of Thucydides, v, 7, the Kerkinites of 
Arrian, Anab. i, 11, 8, and is now called Tac 2 be from a 
village on its he side. The fisheries are still valuable as 
they were in ancient times, and the fish caught hs pegs are 
principally carp, tench and eels. (Leake, Travels in Northern 
Greece, vol. iii, 19 

The 2 deectaswon which Herodotus gives of these lake Labte 
ings makes it an object of the greatest importance to the 

on which age were constructed are said to have been 
observed in the lake Prasias, in 1862, by Monsieur Deville of 
Ecole francaise dAthénes. But a superficial examination 
might easily lead to considering stakes for nets or fishing huts 
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e Eurotas and the Alpheus, and the marsh at Pylos, (Paleo 
Aarne) all these places, and some Sikes that might be pointed — 
out, offer an extensive field for research. It may also be possi- 
ble to identify sites of epee" habitations in the mountains, 
from the remains found in their vicinity. Such positions would 
have been selected foes they were easily defensible by men 
having weapons of stone only. They must have commanded 
access to an abundant supply of water equally capable of de- 
fense. I have observed such a position overlooking the plain of 
Aphidna, where I have picked up a considerable quantity of 
fragments of obsidian ae flint aiedcinlly worked. 

liny contains several passages in his Natural History that 
refer to stone axes and chisels (celts), with particular reference 
to those found in Greeve, for he quotes Greek authorities about 
them. He panies of Ceraunice (thunderbolts) as being, oe 
ing to the testimony of Sotacus (an ancient Greek writer 0 
minerals), black and red, and resembling axe-heads in ange 

ve specimens of red celts from Eubcea made of red iron- 
stone, one 3? in. long and 2 in. angtg and several that are 
black, of the same size but 
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SCIENTIFIC INTELLIGENCE. 

I, CHEMISTRY AND PHYSICS. 

1. On the theory of the Bunsen flame.—The non-luminosity of 
the flame of the Bunsen gas-burner is pei eco 4 ascri a to the 
more complete combustion of the gas by the air which is mixed 
with it before it is burned. But this is an assumption aativeby un- 
roved as yet; and moreover, the positive experiments 0 NAPP 

wh 
candle burned in viialsa or at high altitudes—J. Pr. Ch., I, i, 
428, June, 288% G. _ ae 

published in the May number of this J carta seems to have been 
pas sok not only by Phisits (noticed in vol. ay, page 238,) but 
uch earlier—in December, 1864—by Tuan, and communicated 

‘6 thie Huignit an Academy at Pesth. Bosoniine wranans in the 
application to vegetable physiology of the fact Mer ammonium 
nitrite is formed when h drogen burns in an atm ere contain- 
ing nitrogen, Than sought for a method of exhibiting the result as 
a SS eriment ; for this purpose he drew the air which 

pidly. As the odor of ozone was not 4 deteinnble in this air after 
it had passed through the sig yh Ob. Than substituted a bulb-tube 
filled with water; and then on drawing through this a rapid cur- 
rent of the air from this aver of the flame, the odor of ozone was 
distinctly obtained. Were ammonium nitrite formed at the same 
time, it would be stained by the water; and this, on adding a 
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few eons of the acidulated Agee cm iodid solution, would be- 
come at once blue. But no blueing took place, even when the air 
was paced through the water for 15 or 20 minutes. The blueing 

e former case must be due, therefore, ry to ozone. Than 

of this ozon 

that it should be placed in the lower half of the flame where the 
flame comes in contact with the cold air. Ina candle-flame, or that 
of an alcohol-lamp, most ozone is found near the lower blue portion. 
The current of air must be rapid enough to eahect the flame, yet 
not so rapid as to draw in any unburned gas. By the ozone chu 
obtained, the solution of potassium iodid and starch was blued in 
a few seconds, a mixture of manganous sulphate solution with a 

few drops of potassium ere e became dark brown from the 
formation of the peroxyd, when inhaled, the mucous mem- 
brane was irritated and a jransint catarrh produc ced. No ozone 
could be detected in the air surrounding ignited charcoal; and all 

theil einer nicht leachtenden Gasflamme, durch ein schief aufwiarts 
gerichtete zwei Linien weite Glasréhre, einen sehr kriftigen Luft- 
strom mittelst eines Blasebalges durehtrei t, so kann man in der 
urchgeblasenen nicht unbedeutende Mengen von Ozon theils 

durch den Geruch, theils durch Jodkalium-Stirkepapier nachwei- 
ew 

a—J. Pr. Ch., U, i, 415, Sal 18 7 
sad On the Constitution of anaes and its RAT aa ial 

ducts. —MATTHIESSEN ears: sums up the results of his extended re- 
search upon Narcotine 

(1.) The analysis a various specimens of narcotine, tuo 
m various sources, has shown that it always has the same ¢ 

position, ©,,H,, 
(2.) As s already noticed by previous observers, narcotine, my 

the action of oxydizing agents, splits up into opianic acid and ¢ 
tarnin 

€, @,+0=6©, His Ss4+0r9 
(3.) Heated _ to a temperature — ablated 200°, or for 
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a somewhat mils time with water, narcotine wins up into meco- 
nin and cotarni 

0, s8, NO 20 8 0,10) His N@,. 
(4.) Heated for a short time (about two bolls) iith an excess 

of hydrochloric acid, methyl chlorid is formed, and one atom of 
hydrogen replaces the methyl in the aie ; by a longer heat- 

cotine it tself 
(5.) The “ate of pepe has been shown to be ©,,H,,N®, 

and not ©,,H,,N0,; it is capable of sanehen with one-half 
and with a eat molecule ay sae er. 

(6.) Cotarnin, when heated with dilute nitric acid under certain, 
not yet clearly-defined conditions, is decomposed, yielding cotar- 
nic acid and methylamine: 

€,2H,,N0,+2H,8—€,,H,,0,+€H,N 
By the use a "Sonecateaanls nitric acid, as already potheed by for- 
mer observers, apophyllic acid is formed. The action of other 
be Ag agents gives results not yet studied. 

7.) Cotarnin heated with concentrated oF mp acid, yields 
methyl chlovid and the hydrochlorate of cotarna cid: 

€,,H,,N0,+H,6+2HCI=€H, CLL, H,.NO, HCL 
Hydriodic acid produces a similar — a one atom of €H, 
being eliminated from each —. 

C.. 10 Ps tHe =H, O+€,,H,,9,- 

(9.) Opianic Be by hoailic ith BPH Hchniessie and di- 
lute sulphuric acid is hee to Brees cid: 

© 0,+90=€,, 

(10. ) Opianic acid, on heating with peahe? a splits up into 
meconin and hemipinie acid: 

0.=€, H,¢9,+€,.H 
11.) Opianic aa. Decica a an excess hloric acid, 

exchanges its methyl for hydrogen. Beside methyl chlorid, two 
perpen are ae thus Prods janic acid an 

oe 
Only the latter ie “in obtained pare, the tinker spontaneously 
decomposing. Hydri riodie acid acts similarly. ke Ae ae 
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(13.) Meconin, aren with an excess of hydrochloric or hydri- 
odie acid, yields methyl chlorid or iodid, and a body derived trom 
meconin by vindthoing €H, by H, methyl normeconin : 

4 (phy (Oy 4+HCI=€H, Cl+©,H,6,. 
Experiments to # Sowa the hypothetical normeconin by substitu- 
ting H, for (CH,)., gave nothing capable of being isolated in a 
pure state. 

(14.) Hemipinic acid ti oes with various reducing agents, 
was in no case reduc ed t opiani cid or meconi xperi- 
ments to htain’ opianic aciil from ‘the. union of hemipinie acid and 
meconin, have yielded no isi Moreover, hemipinic acid could 
not be oxydized to any other 
et ) Heated with an excess of hydrochloric acid, hemipinic acid 

yields, beside methyl chlorid and carbon dioxyd, a new acid, me- 
thyl-hypogallic ac cid: 

1oH,,0,+HCI= €H,Cl4+€0,+€,0,0 
Heated with hydriodic acid, it affords methyl iodid, exten dioxyd 
and 9 |. Rise acid: 

8,+2HI—2€H, nat AAT o.. 
(16.) An Hos 8 observations proving hemipinic ce to be di- 

pete are confirmed, the anhydrid being obtained by simple dry- 

ws €,,H,,9,=H,0+€,,H;0,- 
ay ig Lak ieee acid is also dibasic 

(17.) Hemipinic acid may crystallize with various quantities of 
crystal water; crystals having been obtained with $, with 1, and 
with 2 molecules of such water. 

(18.) All the eenebioaie of narcotine and of its decomposition 
products, are explained in a satisfactory manner by assuming for 
it the following rational formula: 

eH. 

(€, ,H,0,)” tes 

(€,H,98)'" +} 8 

(€H,),H 1 e, 
~Aan. Ch. Pharm., Suppl. Band vii, 66, Nov., 1869.  «G. F. B. 

On the size of Molecules ; by Sir Wu. Tuomson. (Proce. Lit. 
ia Phil. Soe. Manchester, Mare 22; Nature, May 19 

es h 

3 

s es 
about the first year of my f Bispersion ag I have taught my students 
that Cauchy’s theory of roves heterogeneousness, or 
molee structure, to beco ‘bl in contiguous portions s of 
glass or water, of dimensions , modlexstely small in ie gerbe with 
the wave-lengths of o egg a light. Ihave spoken to you also, I 
think, of the argument deducible from the contact electricity ‘of 
metals. This, I now find, proves a limit to the dimensions of ‘the 
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molecules in metals quite corresponding to that established for 
transparent solids and liquids by the dynamics of dispersion. In 
experiments made about ten years ago, of which a slight sketch is 
publishe d in the Proceedings of the Literary and Philosophical 
Society of a a I found that a plate of zine and a plate of 
copper kept in m metallic connection with one another (by a fine wire 
or otherwise) act electrically upon electrified bodies in Thelé neigh- 
borhood, and upon one ee as they nn if they = of the 

surfaces, and kept in metallic amie with one another, 
exercise a aia attraction rom 

210719 xe m3 grams weight. 

rte if they were allowed ns approach from any greater distance, 
to the distance, D, the work done by their mutual attraction is 

ne Sos a 2 10-'° x-——___— centimeter grams ; 

which, if D is very ee in pee with D’, is very approxi- 

mately equal to 2% 10-10 ra 

W suppose a pile to be made of a bee number (N--1) of very 
thin plates alternately of zinc and copper, kept in metallic con- 
nection while they are brought toward one another. Let their 
ewer’ in the pile be parallel, with narrow spaces ing. 

or mee ae let the thickness of each metal fine and interven- 
ing space be The whole work done wi 

bia ci 
et ele 2x10" + XN D 

The phi mass of the pile (if we neglect that of one of the end 
plates) is NADe, where ¢ denotes the mean of the densities of zine 
and copper. Hence, if h be ae height to which the whole mass 
mee be raised against a constant force equal to its weight at the 
earth’s surface, to do the same amount of work, we have 

NADph=2X 10-19 XN 3 ; 

which gives reo 2X pate oh 

or, as e=8, nearly ae for the nr rough estimate, 

ee 
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D=spnsa0 Centimeter, 
A=1 centimeter. 

The amount of energy thus calculated is not so great as to afford 
any argument against the conclusion which general knowledge of 
divisibility, electric conductivity, and other properties of matter 
indicates as probable; that, down to thicknesses of xouv0s 0. 
centimeter for the metal plates and intervening spaces, the contact 
electrification, and the attraction due to it, follow with but little if 

Hence, if 

experim 
measurable thickness with measurable intervals between them. 
But let D be a two-hundred-millionth of a centimeter, If the pre- 
ceding formule were applicable to plates and spaces of this degree of thinness we should have 

A=1,000,000 centimeters or 10 kilometers, 

probably much more than the whole heat of combination of equal masses of zinc and copper melted together. For it is not probable that the compound metal when dissolved in an acid would show anything approaching to so great a deficiency in the heat evolved below that evolved when the metallic constituents are separately 
i he experiment sh 

nergy, a mixture of zinc and copper filings would rush into com- 
bination (as the i aipiied y of gunpowder do) on being heated 

u 

c fa 
centimeter thickness, at a distance of on Yr soy Of a centi- 
meter asunder, must be rae we 3 less than that calculated from the 

i e law of its variation observed for 
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gas, the penny of temperature produced by the ria ee - 
stresses to elastic solids which you have investigated experi 
a and the cooling effect I have proved to be produced b pene 
ing out a liquid film which I shall have to notice particularly 
below? Easy enough experiments on the contact electricity of 
metals will answer this eM If the — erence re 

r i 
and copper, consequent on mutual approach with temperature kept 
constant, will be greater, and on the latter supposition less, than I 
have osehinatiod’ above. Till the requisite experiments are made, 
further speculation on this subject is profitless; but whatever be 
the result, it Pei invalidate the conclusion that a stratum of 
esas entimeter thick cannot contain in its ariel 
many, if so del as one, molecular constituent of the Be- 
sides hte two reasons for limiting ek smallness of statin or eae 
cules which I have now stated, two others are afforded by the 
lies. of capillary attraction, and Claasius? and Maxwell’s mag- 
nificent working out of the Kinetic Theory of gases. e 

that of a water bubble, I rs ae (as you may vorty seats} that 
a quantity of water extende @ thmness Of .-.,+-5.+ of a cen- 
.timeter would, if its tension eased constant, have more ener. 
than the same mass of Mee in ee condition by tags hy 100 
times as much as suffices to it by 1° Ce ah. This is more 

Cae, (Pece. Am. Phil. ca xi, 313, ant e tyes 
of different mechanical equivalents will o open a new field for inves- 
tigation, which may prove to be fertile in valuable results. 

* Proceedings of the Royal Society for April, 1858. 
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example, recent yg apa by the different methods of Thom- 
sen and Farmer, fix the echanical equivalent of light, in a wax 
candle burning 1261 ais per hour, at 13-1 foot-pounds per min- 

olive oil in oxygen : oe oy to heat 9862 grains of water 
1° C, According to axe re and Silbermann, | grain of oil of tur- 
Ce burned in oxygen, would heat 10, 852 grains of water 
3 
It may therefore ye presumed that the total heat given out by 

the Zopneeeen of 1 grain :3 wax, is about sufficient to raise 
10,000 grains or water 1° C., or 18,000 gr. 1° F, This a 
a alerted! equivalence of (18, 000 xX 772 + 7000 =) 19 
foot-pounds, which is 319°5 times as great as the corresponding 
equivalent of the light given out during the combus 

dall, in his lecture on Radiation, states that a abla rays 
of the electric light contain about one-tenth of the total radiated 
heat. The relative luminous intensity of an electric lamp would 
a appear to be about 32 times as great as that of the wax 
andle. This ratio so nearly resembles that of solar to terrestrial 

puperdcial attraction, and the connection of electric and magnetic 
currents with solar radiation is so evident, that additional experi- 

f 
sirabl 

n the present eae may be acci nb the numerous har 

render Bs at least oka possible that it ink have a weighty sig- 
nifican 

II. GEOLOGY AND MINERALOGY. 

1 Ona rag Tooth from Table Mountain ; by Pro £ Wu 
LiaM P. BLaxs. (Communicated by the author for this Jour fat — 

Tab 
army and compared vik specimens in the Smithsonian Insti- 

. It proves es be a ower molar of an equine animal of 
sie ‘genus ipparion, or a t oly allied genus, This genus is 
one tg the connecting links between the Paleotherium and the 

The specimen closely resembles a fossil in the Smithsonian mu- 
seum, from the Pliocene formations of the Niobrara river in Ne- 
braska,* not only in size but in the foldings of the enamel, and 
particularly in the posterior part of the tooth, but it differs enough, 
in several particulars, to justify the belief that it is a distinct spe-_ 
cies. ae Leidy does not attempt to determine, specifically, the 

specimen from Nebraska, but considers it closely related to, if not 
identical specifically with, Hipparion gratum, possibly Protohip- 

pus placidus. 

* Described by Prof. oar | - his work upon the Extinct Mammalian Fauna of 
that region, p. 319, pl. xix, 
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The size of the Table Mountain specimen, which is considerably 
worn by attrition in the gravel, is: length, 11 lines; breadth upon 
the crown, 9 lines; breadth at the base, 10 lines; thickness, ante- 
riorly, 4 lines, posteriorly, 2 lines. 

This fossil is the first of the kind discovered west of the 
Rocky Mountains. It adds to the list of the fauna of the period 
antedating ‘Table Mountain—a list which includes the mammoth 
(E£lephas, from Knight’s Ferry), the rhinoceros, and an animal 
allied to the elk.” I have believed that remains of man were also 
found under the lava; but upon this point, after diligent inquiry, 
Iam satisfied that the evidence is insufficient. But we now ad 
this fossil allied to Hipparion, and I regard it as another indica- 
tion that the Table Mountain beds are Pliocene, and homotaxial 

working downward, and in its contraction the upper edge or part. 

rate of actual motion but for uses,—and this is an 
amount of modifying intervention for the sake of the theory, suffi- 
cient to prove the theory of no value. He concludes as follows: 

“Tf I might presume to estimate net results of this renewed 

ually resume the vertical direction, and I had, perhaps too lightly, 
assumed that this was a particular instance of the process by 
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which ice changes its form through fracture and regelation. In 
Mr. Mathew’s first experiment, conducted during a thaw, a thick 
plank of ice supported at each end was deflected at the middle 
through a space of 7 inches in as many hours. Although none 

ut very minute fissures were observed, the facts did not seem to 
me altogether inconsistent with that explanation. In the second 
series of observations, made during the severe frost of Februa 
last, Mr. Mathews found that at temperatures notably below the 
freezing-point a _ of ice, supported as before, subsides slowly 

the researches of M. Tresca, we are led to admit that ice, in com- 
m rent] rigid 

tain degree of plasticity which is exhibited by changes of form 
effected very slowly under the action of forces of moderate amount, 

Ww 
able researches of Professor Tyndall. Whatever may be the final 
—. of men of science, I feel quite sure that it will not con- 
rm the opinion expressed by Canon Moseley in his latest publica- 
ss that “the phenomena of glacier-motion belong rather to 
mechanical philosophy than to physics.” Every real advance that 
has been made t oward the explanation of those phenomena has 

such additional acquaintance with those Les spin as may be de- 
rived from continued observation and experim 

The North American Lak ea cuneciorédc vm ‘Chronometers of 
Post-glacial time; by Dr. Epmunp ANDREWs. 24 pp. roy. 8vo. 
(Trans. Acad. Sci. Chicago, vol. 1 ie ee sr le in 

the areas - the =a beaches, the or these beaches hav e 

nd 
the sel sand moved in the rocess; and from the elements 
thus obtained, arrives at the ari conclusions : 

(1.) The upper beach began to form riba foPabane cae - : erin 

where they remained till a thin bed o peat accreted on the sti 
slope vacated by the waves. I have not been able to collect data 
for a calculation of this first low-water period, but from the posi- 

* In Dana’s 3 Manmal of, Gookgy, lien ee Sr ong the 
means of mo! the ground of obse similar to the above, Tinie by 
Kane in his WAR Ageia Seshestonn” 
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tion of the poe in the eastern dunes, I incline to think it lasted 

500 or 1000 
(3.) The ware rose again, submerging for a short time the upper 

beach, but soon fell to the line of the middle one, where it remained 
about 1 ,600 or 2000 years. This period appears to be cotemporary 
with the Loess. 

4.) The water, which had already slowly fallen some feet, now 
retired more rapidly to near its present pions nae ch it has main- 
tained with only moderate fluctuation 

5. e total time of all these “deposit mae to be some- 
where pekwnes 5,300 and 7,500 yea 

The discussion is an interesting te important one. Some 
certainties in the calculations occur to us; but without a poe 

tion any but the following. The or writes as if he supposed 
that sand in the course —. transportation always remained sand. 
He observes that “the sand movement in the lake 3 is vended to 

ain under 
that while the ime material made ae this attrition is floated off 
the pany waters, the coarser is left behind in such cases near or on 
the shor 

8 f 
clther Hydrobia, Planorbis, nba oes Valvata, Vertigo, all 

species Valvata anomala Moore, and Planorbis Mendipensis 
Am. Jour. Sct.—SEconp Srries, Vou. L, No. 149.—Sxpr., 1870, 

17 
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Moore, being present, and also Entomostraca of several new 
species. 
Phe 1 Fallowfield mines, although not yielding a outs long list of 

species, have their r special interest in the presence of t e land and 
freshwater genera Stoastoma ?, Hydrobia, and Pietdium 3 Involu- 
— as in the Keld-Head mines, though rarely ; and a single seed - 
of the Plemingites pe Carr. The richest samples from this 

mine are at 90 and 450 feet from the surface. 
The Grassington mines are not only very rich in individual 

not rich, the vein stu "in them bei ing much mineraliz 
onts occur in the former, Satonclensx oni es peidansly in the 

J e 

veins, and also at Alston, I have detected, for the first time, large 

cells of a foraminiferous ‘shell, for which Mr. Brady suggests the 
generic name Cart 

In the White and Silver Band mines remains are somewhat 
rarely distributed, the richest deposit being a friable ochreous 
sandstone, on the “sun” side of the Silver Band Old Mine, which 
ielded many specimens of Hydrobia, and one or two 

vata anomala, several genera of Foraminifera, including Jnvo- 
lutina and Dentalina, with Conodonts, and portions of teeth of 
Psammodus. 

The Mount-Pleasant mines of Mold contain Foraminifera, and 

also the freshwater Hydrobia, though rarely, and Conodonts 

ne are occasionally small pieces of laminated stone the surfaces 
of which exhibit numerous traces of fish-scales. 

The researches I have been making have involved se consider- 

= the re an rtant fac ct in my mine pene has been 
nd — freshwater fauna. Until I obt ained 
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Dawson in the Coal measures of Nova Scotia. To the abov 
genera I have now to add those of Hydrobia, Stoastoma ?, 
Lithoglyphus, and rhage ati from the of the n 
England, some of which I have little doubt are older than the 

is 

eh = =} te) 7] 

presence of nine genera of land and freshwater shells in the lead- 
veins of this countr 

In addition to the list of pot yt remains which follows, num- 
bering about 112 species from the north of England and North- 
Wales mines, eight, which are not in a» omens have been obtained 
from Wes eston, a and to these again are to be added 89 in the list 
previously given from Charterhouse, so that in true and workable 
mineral veins I have found 209 species. In the ee 
Limestone of the Frome ae precisely simil 

orke though the fissures are no d. These Rhetic and Didi 
veins have yielded me seb 70 species, so that, including the 
districts I have enumerated, I have obtain m vein-fissures, 
with their deposits of different ages, about 279 species of organic 
remains. 
heii these peculiar circumstances, I have ae the oldest 
wn Mammalia, the oldest land and freshwater Molluse a, about 

a2 species of fish, and about 8 of Reptilia, besides the eal: groups 
o which reference has been made 
P tie regard to the origin of the veins, Mr. Moore observes as 
) 
The chief foi a of ae ape mineral veins I find to be of marine 

he are 
ty. e 

they contain land shells, as on the Mendips, or freshwater shells, 
which occur in the veins of Alston, and are wide-spread elsewhere, 

when within the influence of the ocean, and before their present 
i len since which time, as I have before stated, I doubt if 
there la e re Any eerie alteration in their contents. 
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able there will be found connected therewith an abnormal condi- 
tion and considerable breaks in the deposition of the rocks. I 
have thi e the case in connection with the Carbonif- 
erous Limestone of the Mendip range, and its continuation throu 
Ss e h district n see rocks 

ocean, possibly forming reef-like barriers around the edges of the 
Carboniferous _— the fissured veins and floor of this ne onens 
receiving at some periods materials of a or of Lower or 
Middle Lins aoe whilst an occasional capping of the eds of 
Inferior Oolite, left in some Carboniferous janestone trough, now 

— are present in this district, in which it may be seen that 
hilst th = a walls of the vein the usual angen conditions 
vein-s cu, | such as cale-spar, sulphate of ah occa- 

instances there are Sombre the elements of open ‘fissures com- 
municating with the ocean, and greater or less time in the reception 
of their contents. 

dditional note on Hlasmosaurus ; by E. D, Copz.—To my 
preceding note on Elasmosaurus, I a append the following, in con- 
sequence of the reading of a nother criticism by Pr of. Lerpy, in 
the Proceedings Acad. Nat. Sci. Philad. Pisses to April, 1870, 
(issued | ae J Phas be [See p. 139 of this volume,—Ebs 

In this Dr. Leidy agrees with my identifeation of Cimoliasaurns 
and Discos made in 1868 mires Wee them a as t the same. But 

to his determination, Cimoli n exclusively used, 
and has therefore obtained considerable currency ; iscos i 
was founded upon a miscellaneous collection of species, and no 
defined ; 3, the name refers perhaps to an individual peculiarity of 
one of "the eae as suggeste a Leid , and conveys an 

of the genus, where the peculiarity consists of a groove. The 

g 
however be predicted, that no species combinin ining the characters of 

the two will ever be found. All genera in paleontology stand open 
is ris 

_ The Cimoliasaurus grandis (Brimosaurus Leidy) presents 
— of C. magnus and therefore is not an Hlasm 
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saurus. The &. orientalis is as ht but little known, and there 
may be doubts as to which genus it represents. In a restored 
figure of it which was given in an aticls in in the gern Natura 
ist (1868, p. 84), it is represented with a neck of the shorter type 
of Cimoliasaurus. hether the shorter or longer type of cervicals 
belong to it will remain uncertain until more remains are found. 
If it be a nt Elasmosaurus, the figure will represent better a 
Cimoliasauru 

n his ecu notice Leidy mentions his having reversed the 
Neh Sg ree oa the vertebral series in the three Cimoliasauri des- 

e 
se Lias pr Oolite ee Australia.—Mr. Cuartes Moore has 
published an important er on Australian Mesozoic Geology, 
in the Quart. J. Geol. Bday for 1870, describing beds of the age 
of the Middle and Upper Lias Seen om Western 

pL 
ans Rein, eee Lins A, “Wal aleottii Sow., Upper Lias; A. maero- 
cephalus ‘Schloth, Oolite; A. Brocchii Sow., Oolite; Mautilus 
semistriatus rb., pper ias; Belemniies canaliculatus Mill, 
Oolite; Gresslya donactformis Gold£, Upper Lias ; Mayoites lias- 

ladomya ovulum Ag. ate lite; Avicula Mansteri Goldf, Oolite ; 
A. echinata Sow., Oo lite; Fon cinctus Sow., Oolite ; P. calwus 
Miinst., Oolite ; Lima probosci cidea Sow., Oolite; L. _ punctata Sow., 
Oolite: Ostrea Marshii Sow., Oolite; Rh; ynch onella variabilis 
Schloth, Oolite ; Cristellaria cultrata Montfort, Oolite. Lima pro- 

é b 
tains the same large proportions as in this coun see The Jorn 
brash is apparently represented in Australia by Ammonites macro- 
cephalus and Avicula echinata, and the Middle Lias iy the Mya. 
cites See before mentione 
The r describes many new species. 

ie Phista. of the Coal formation of Langeac, Haute-Loire; by 

memoir. The 
accom ee g plate contains figures of several forms under six 

cies, a spe of Stctliocar pul: one of Rhabdocarpus, one of ordaites, and two of Trigonocarpus. 
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4. Sivatherium in Colorado.—Dr. Leidy refers a fragment of 
a fossil ron Colemds facet through Dr. Hayden ‘from Dr. 
Gehrung), with a query to a genus near Sivatherium, which he 
calls Megacerops. He regards the fossil as corresponding to that 
portion of the face which comprises “the upper part of “i Lane 
together with the forehead and anterior horn cores. ” The animal 
to which it belonged was nearly as large as the Sivatherium. The 
distance between the center of the two horn cores is 103 inches ; 
the length of the horn cores above the intervening space 5 inches ; 
the breadth of the face where narrow below the horn cores 7} in. 
He names the = aes —— Coloradensis,—Proe. Acad. Nat. 

1870, p. 13) as hav me been found in a crevice in the lead-bearing 

rocks near Galena, 130 feet below the surface, along eg a last 

lower grinder of the was a Ox, Bison a antiguus. e m of 
the Academy contains other bones from the same babe, beak 
remains of a large extinct Pecvary, £ tatyaonte: lk e8sUs, AN eX- 
_ Raccoon, Procyon priscus, and a large ore, Anemo- 
=) alone. all of which were probably sata of the 

ega 

exxxviii, 449).—Vom ae describes and figures here erystals of 
the followi ing Vesuvian minerals: twins of Anorthite, crystals of 

g an 
mineral from Laach which he names Amblystegite, 

and a description of certain twins of orthoclase. 
Amblystegite occurs in small crystals of a brown to reddish- 

brown color, a gray streak slightly sere adamantine luster. 
The erystals are orthorhombic; #-4:1=135° 50’, 77: 1-8=119° 26’, 
4-4: 44=1638° 47’, 74: 498 © 6h. . B.B. very ; faible and thus differs 
from humite and chrysolite. Composition, 

Si49-8 415-05 Fe25-6 Mg17-7 Oa 0:15=98-30, 

corresponding to the “yes ratio oe B, Si, 12°81: 2°36: 26°56. Only 
sed. half a gram was here e mineral is so mixed with mag- 

netic iron as to be s ‘a aaras ted with difficulty for — 
10. Laxmannite of a ap J. £ pr. Ch., cvii, 491) ac- 

cording to Hermann (ib. I, i, 447) is probably Vanquelinite; 
Nordenskiéld made the er vital monoclinic with the inclination 
of the vertical axis 69° 46’; G. = 5°77, H. = 3, color olive-green ; 
and obtained for the composition (mean of two analyses) — 

Bs31 Gr15-91 Pboeiie Cullé64 Fe1-06 H110=99°18 
Hermann observes that ae probably — the same 
mineral in his sitiutalnatae of the species he named ee 
and that if the pure oxyd of are sate of Berze ties be taken as a 
mixture of phosphoric and.chromic acids, the two analyses ners 

see as follows : ; 

<3 SS ene 
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Gr u e 

8°31 15°85 60°87 10°80 1°10 1°10=98°03 
Nordeaieia aa += 8°31. 1691. O1°16. Ti64... 108. 21020018 

both leading to the formula 20u* 6 +5Pb?Gr+ 2H. 
11. Phosphorchromite—Hermann (J. f. pr. Ch., IL, i, 450) thus 

names a chromophosphate of lead ed sopper from Beresofsk. It 
occurs concretionary, crystalline or massive within, with a black- 
ish-green Golor, pistachio-green streak, H. =3, 3. ==5°80, An anal- 
ysis afforde 

B 9-94 Or 1013 Pp 68-33 Cu736 Fe 2380 H 1-16=99-72, 
leading to the formula 30wP+5Pb? a 

Vanadiolite of Hermann (J. f. pr. Chem., ib. 445) occurs in 
small crystals, partly in druses, of : ee or blackish-green color 
and gray-green streak ; dark emerald-green color and transparent, 
in small grains; of str rong vitreous luster, with G.= -B. 
melts on the edges to a black bl lebby slag. His stale afforded 

Si 15-61 V44:85 411-10 Fel-40 Mg 2-61 Oa 34-43=100 
and he regards it as a subvanadate combined with augite like the 
Lavroffite of the same locality, St eh near Lake Baikal. He 
— the ete 3RSi+ Cas (VO4+2V: 

Wolframite.—Descloizeaux hia in 1850 (Ann. Ch. 
han, Il, sill) ‘that Wolfram was oblique rhombic in erystalli- 

afte zation, some measurements of crystals. He has rec aie: | 
confirmed this ecddltinice (ib., IV, xix, 168, Feb. 1870) by bot 
optical and crystallographic observatio e finds the obliquity 

W 1432 Fe211 Mn 20-90 Ca 1-30 chiapas" 
aerecthg nearly with Hubnerite, of Nevada. G.= 

. Namaqualite, a new ore of Copper; by Prof, Chit (J. 
Ch, “os i Me iagialiod 5, Bs named after the tig in 

e 

analyses : 

Si F.3| Cu Mg Ca H 
2°25 15°29 44°74 342 2°01 32°38=100-09. 

xygen ratio for the protoxyds, alumina and water is 4:3: 11. 

Prof. Church remarks that its crystallized condition, and its definite 
and constant composition s show that it is a true species; and the 
presence of a sesquioxyd that it is related in composition Fes hydro- 
taleite pa pyroaurite. 

Contributions to the Mineralogy of Victoria ; by G. H. 8. 
Unricu, F.G.8. 32 pp. 8vo. Melbourne, 1870. (Reprinted from 
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the Report on the Mineral Ressengen of Victoria for the year 1869, 
presented to Parliament.)—These “ contributions” contain detailed 
descriptions of many Socio with figures of crystals, and some 
analyses, the latter by Mr. C. New whery. The following are among 
the new or more interesting species — by Mr. Ulrich. 

Maldonite, or Bismuthie Gol old, from the Nuggety reef, of the 
Alliance Company, Maldon. It occurs in particles in the granite 
veins affording gold. It has a pinkish-white color, but tarnishes 

Cleavage apparently cubic. H.=15—2. Malleable and very 
ect 

quartz vein at reo a Ballarat district. 
Selwynite of Ulrich (Dana’s Min., p. 509*), a chrome-bearing 

mineral, has dees further examined. Mr. Newbery obtained in 
new an alyses 

Si ér Mg Na H 
47°25 35°28 7°32: 2°42 a 5°67 
48°42 34°72 6°94 2:11 ane’ 03 4°83 
48°23 38°16 6°14 1P2t 312 *: 2°90 

rig mean of which affords very nearly the oxygen ratio for R, &, 
i, H, 1:16: 22:3}. Mr. Ulrich observes that the mineral is probably 
ai altered feldspathic mineral, and related to the Pinite group, 0 
especially to gieseckite and lysyntribite When polished i it has 
some resemblance to wo 

Talcosite is a new m aie occurring in thin seams in the selwy- 
nite—the seams lente inssishetwebe Resembles tale in fee =1; 
but transverse to lamination 1°5-2°0. PAG —2°5. @élor silver-: 

Ki 45° 98. €r, Fe, “fie 3 Na, tr. Fi 4-30=99°32, 

giving the Ee ratio of #, Si, H=5:6 
Herschelite is found at a quarry of haaalt near the river Yarra 

at Richmond. Several interesting figures of its ¢ crystals are given. 
It occars with phillipsite, analeite and calcite. It is also found in 
basalt at the shaft of the Ballarat and Clunes Gold-Mining Co., 

es. 
Struvite in crystals occurs in guano, in the Skipton Caves near 

Ballarat. The — th aac wei guano is about 20 feet, and it has been 
derived from the ts of ba 

Tetrahedrite, Stibuite, “Molpoiane: Brookite, Cassiterite, Schee- 
= ‘oe Moet opaz are among the other minerals of which men- 

made in the memoir 
“1s. ie vroffite (Lawrowit), has been analyzed by Hermann (J. f 

pr. Ch., 1870, IT, i, 444) and shown to be a vanadiferous diopside. 

* In the analysis cited in the Mineralogy, Mg 4-36, should be Mg 4°56. 
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He obtained Si 53°65 Al 2-25 Fe 2-48 Mg 16-00 Oa 23:05 =100, with 2°57 
p. ¢. of hypovanadie acid. 

16. On Sellaite, a new native fluorid, by Dr. Struver, Atti della 
R. Accad. di Torino, iv, 1868, 35.—This mineral was etected on a 
specimen of anhydrite from Sito duli in the State of Maggiore, 
in nse: On the anhydrite there were also crystalline sul- 

r, dolomite, and rare twins of albite. It is tetragonal in crys- 
tallization, with I on 1 (oP on P)=123° 30’, and 77 on 7-3 (or 
a Po P3) =161° 34’, Cleavage parallel to I and 7-¢ perfect. 
aes: °G. aa 972 at 24° C. Fracture conchoidal. Luster vitreous. 
Colorless. Transparent. Powder white. 

t is insoluble in water; also in acids, except concentrated sul- 
phuric, which causes an evolution of fluohydric acid, Small frag- 

nts melt in the flame of a candle with intumescence. From the 
sianty of its reactions to those of fluorite, the author concludes 

improbable that the mineral is a monofluorid of magnesium, 
which contains 38°71 of magnesia and 61°29 of fluorine. In treat- 
ing a small fragment of it with concentrated sulphuric acid, he 
obtained for the proportion of magnesium 39°64 p.c. The small 
amount of the mineral in hand prevented his making a complet 
analysis. The species is named after the distinguished cegatsllog: 
a QuUINTINO SELLA. 

mbrosite.—C. U, Suzparp describes under this name, in 
The Rural Carolinian, Feb., 1870, p. 311, a resin resembling amber, 

sinks slowly in water; an ts into a clear liquid at 460° F., 
after softening at a much lower temperature. I c 

yellowish-white light and pleasant odor, and tabi no a behind. 
The name is made from the two words am 

18. On the Guanape Island Guano and its mi “ik by Yr 

and veins in the Guanape Guano, havin ae 5, G.=2°3, and resembling a little the red Cheshire rock-salt, but rhombic ‘detendl 
of cubic in cleavage, is called Guanapite the author. He foun on 
it to consist of sulphate of potash 67°75, sulphate of ammont 
27°88, oxalate shoe ammonia 3°75=99°38. It "loses ammonia slightly 
on exposure e air. 

Another sibetaane from the Guano is named Guanowalite. It 
contains gona of potash 40°20, oxalate of ammonia 29°57, water 
0°46 =100°23, It occurs as pseudomorphs of a bird’s egg, hav- 

lea 
color; somewhat pegs luster; feeble Easilebeane + para ss be- 

- 2 — i When heated it swells up, blackens, gl 

tially fuse off ¢ copious fumes of ammonia, and leaves 
whits ieeitne 6 of "oulphate of potash. 
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In the cavities of the spinal column and the stomach of the re- 
mains of birds from the Guano, yellow crystals of the mineral 
Taylorite occur, a species first noticed by W. J. Taylor in the guano 
of the Chincha Islands. Along with the Taylorite there are nu- 
merous minute scaly crystals of Aphthitalite ; also oxalate of am- 

which Prof. Shepard names Oxammite. Oxalate of lime 
is occasionally observed in 8; also the of ammonia 
— of Shepard) in crystals and, as an 

flor m this mineral, biphosphate of ammonia Biphos- 
phammite S. 

Ill. BOTANY AND ZOOLOGY. 

i: bean Botanical Notices and Observations. 

The Code of Botanical Nomenclature, as digested by M. Alph. 
DeCandolle and adopted by the International Congress at Paris 

ting to one a mor 
of these scfieciane DeVan atte iad reply at a meeting of the 
Botanical ae ety of France on the 26th of February, 1869. The 
number of the Bulletin which contains uel erage was 
issued, w ered at the beginning of the present 

€ proper 
they have been transferred to another than the original genus re 
being one upon which further discussion could hardly be m 
than iteration. He merely remarks that the more experience +e 
have of the working of the system of double citation of authors, 
whether with or without parenthesis, the more grave do the incon- 
veniences appear, Since we cannot readily make a brief abstract 

Sermo: and the Congress. The chief serious objection was 
d upon article 50, which prescribed the mode in which unpu 

lished “dame ti taken up by an author, should be subsequently cited. 
We remarked that: “ For instance, there may be no necessity for 
t ioe a up one of Commerson’s names affixed by him to his plants 
in herbaria ; but if taken up, simple verity would seem to require 
this potanist’s name to be cited. We should feel bound to write 

ja Commerson,’ although published b ic nape or 
Fuse, aed pee supplied the character. e S$ pro- 
posed w: apply to names communicated with iralncript char- 
acters te one botanist to another, as well as to named specimens. 
Now, no botanist is bound to do the work of publication for 
another; but if he chooses _ do so, the maxim gui facit tg ias, 
te 
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accepting these names with the specimens men Nuttall, serupu- 
ously attributes them to ‘ Nutt. in litt.’ us, such nam es, 
which the elder DeCandolle has, a — own pe pect published 
for Nuttall, are of Nutt. in DC. P. a me 

To which M. DeCandolle now rejoins: ... . “ But see the incon- 
8. d all 

he had examined the question subsequently. The date of the 
genus is that of the publication; and the piblication 3 is really the 
one essential thing; for what are the most important discoveries 
if not published? In writing Leptocaulis DC. ex Nutt. litt. the 
primitive author is equally indicated; but then one will see in the 
books Leptocaulis DC., and any one will readily find in the works 
of DeCandolle the origin of the genus and the date of publication.” 
We are disposed to add that the information Hoag oa od 

as readily found when written “ Zeptocaulis Nutt. in DC.,” 
that this more strictly as well as more tersely aoa the ae 
than “ Leptocaulis D = _ litt.”’ The full reference is “ Lepto- 
caulis Nutt. in rls Prod 4, p. 107;” and the question is, whether 
in mere enumeration this j is to be abbreviated into “ Leptocaulis 

aulis DC.” Kit il 

sleading. Mor 
oVv ver if 6“ Centr ostegia es Gra ay, — has  Prodsoqes Ot Bentham 

for t 
losing much time and pains. It will of course be said t t he 
‘auctor Bentham” at the top of the page explicitly nate the 
actual author; but so equally does the “ a Gray m » at the 
head of that article, To take — instan aa this gig an we 

e 
adds to t specific n «Muhl. Cat,” Fused. But the cera 
shows oe the pot. aie edition of Muhlenberg’s Catalogue was n 
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then published; it is doubtful if it was so when that part of Ell- 
ott’s first volume was issued ; and if it were, the enumeration in the 
catalogue, according to the. Code, is ooh tantamount to publica- 
tion. ‘There are other well-known cases of a similar so rt, in which 
an author would become liable to the imputation of dedicating a 
ome to himself. 

n we consider how punctilious the elder DeCandolle was in 
this scan and others ne a similar so sit and how generally he has 
been followed, we must regard the change proposed in the code 
and e exemplified i in some (bat not all) of the later volumes of the 
rodromus as an innovation rather than the declaration of an exist- 

ent common law, or a natural development of it. The laudable end 
sought, nb ee in this and in article 42, is to obviate or diminish 
grave and growing inconveniences which. arise re imperfect ha 
lication and merely recorded names in collections and her 
And here we do not complain that the rights of pubkestion ire’ 
the distribution of specimens, conceded in art. 42, are seemin oly 
very much restricted he new commentary. The duty, or 
perhaps comity, of respecting imperfectly published or unpublished 
names is only one of imperfect obligation, as the moralists would 
say, and therefore not to be fixed by law but governed by discre- ou. eS 

whose agency. e would only urge that subsequent citation, 
purporting to indicate the origin, should not in effect misquote the 
recor 

Baillon’ s Histoire des Plantes, yu noticed in our January 
number, goes on well. a have received two more monographs 
published since the year began; o of the Proteacec, oe other 
and much larger one “of the Pabicoss ceous Legu Ose. e 
paper and print are most excellent and attractive: so also are the 

n Fr his kind. We 

upon the plan adopted, it would b er companion 
plement to LeMaout and Decaisne’s Traité General de Botanique, 
of which an English edition is now i ion under the 
auspices. The latter copiously illustrates the families, and barely 
enumerates some of the principal genera. The former illustrates 

ing representatives, cast in a ular and readable form, and adds 
the characters of the genera, in the ordinary technical form and in 
the Latin language. 
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the sporangia, the Ophioglorsacee being excluded by their 
“straight estivation” [vernation] and referred, as is na 

Zacewe 
division or ot ig ating pw ed on the sori. For genera he is 
disposed to make m the venation than is the present mode, 
and less of pea aa sa tt BE and so discards Phegopteris. 
Finally, he takes up the questions relating to Aspidium, both as 
to generic comprehension and nomenclature, and proposes to keep 
Lastrea and Polystichum as genera. 

The Genus Hydrolea is reviewed by A. W. Bennett in the 53d 

~ many-seeded ovary, axile placentation, and leaves invariabl 
imple.” These characters come down to two, the med aey 
mane ovules and the crawled ovary. But the new Califor- 
nian genus Draperia Torr. stands in the gap, having the beg 
ovary as well as H habit of Nama, with the geminate ovules of 
pr y sk Phacelia, 

62 species are found which do not form of the British Flora,” 
oe ae more than three are decidedly arctic, viz. Gentiana 

ogyne rotata, and Epilobium latifotiu m.” All 
theo of these come down to comparatively low latitudes and low 
levels in North America. A plant of much interest, and which 
should 1 be thoroughly compared with that so named in North 
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America, is Platanthera die seep sc of which the present writer 
craves Icelandi ¢ specim 

ertilization of various Flowers by Insects is the title of an 
original paper, enema ae Dr. Wm. Ogle to the on iow number 

trivances desc bids as also of 1 the views suggested, some are not 
novel, the writer, as he states, not being fa fakes with the botani- 
cal literature of the subject (and this is most evident): but the 
whole article is well worthy of much attention, and would have 
been most interesting to the general reader—the narrative being 
remarkably clear—except that it is so disfigured by typographical 
errors as to almost unintelligible to ordinary readers; indeed, 
the proofs would seem not to have been revised at all. The most 
interesting and original portion is that which relates to the fertili- 
zation in the Heath family, and to the use of the awns or appen- 
dages on the back of the anthers in Heaths, UvaUrei Vaccinium, 
&c., by which the bee in sucking the flower topples or moves the 

etnies that, ame bees have learned to get at eh nectar 

which case it is instinet in them, after all. easibet, ao tows vefined, 
is — al habit. 

Eléments de Botanique et de Physiologie — suivis Pune 
petite Flore simple et facile pour aider a découvrir les noms 
ogo les plus communs du Canada : par PAbbE C Gere Brunet, 

repa of. 
for ke Canada, where French is still the ior of instruc- 

tion. It is illustrated by wood-euts mostly from vy ood draw- 
ings by the author’s own hands; and the structural and and physio- 
logical part, and also the little flora, seem to be as clear as they 
well can be in the diminutive space ‘the : ogsepiy3 ee that 
Abies Canadensis is put with Balsam-Fir into a genus in which 

the scales are said to fall from the axis, which i is an ree over- 
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melis as “ Café- rai ti = ie eich as “ Atoca,” but Vacinium 
Vitis-Ideea as ‘ Pom: 

The Herbarium of t the late vin Martius has been purchased for 
30,000 franes by the wi rd oe to form the nucleus of 
a national weno at Brus 

The Michaux Oaks. yeotEhin name is to be applied to a 
renga eh of eka o be hie nted in es — ee 

whic that 

Histoire’ — ep si de V Amerique. The grove is to be main- 
tained by the income of a legacy of $6000 bequeathed by the 
younger Mishasie to the American Philosophical Society, in trust 
for arboric a - kp which legacy is now devoted by the 

is becoming of consequence to United States —— He dios 
several ones new - cies 0 yperuns da few of a. 
& ome 

Generis Astra “li Ps Gen rs roe 
part of this monograph by Prof. Prange of the Old-World species 
almost a thousand in number) of the great genus aan , was 
mentioned in our january number. e have now received the 
completion, poaregre bi the systematic enumeration of the species, 

it and descriptions of most of them, and the A 
The work is oulinhen by the Imperial Academy of St. Petersbur 
this part being the initial number of the 15th volume of its Mé- 
moires, pp. 254.—The succeeding number, of over 300 pages, con- 
sists of —— first o 

Flora aucasi, by Rupprecht, with six plates. It carries the 
work from Ranun culacece ve to —— are 

“eg noice ‘al Address at the anniversary meeting 
Chins year is somewhat briefer than usual, but not less likely t to at- 

: attention. It is mainly devoted to two topics: 1, the results 
obtained from the recent explorations of the deep-sea faunas; and 
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2, those from the investigation of the ketone atone of the arctic 
regions, “tending both of them to elucidate in a 

my 
in biological history, the continuity of life through successive 
geological periods.” After briefly rab where the principal 
data are 2 SORE Mr. Bentham contin 

be useless for me here to aon ce, after Dr. Carpenter 
me Prof. "Verrill, the outlines of the revolution which these marine 
discoveries have caused in the previously conceived theories, both 
as to the geographical distribution of marine animals, and the rela- 
tive influences upon it of temperature and depth and as = the 

to consider the geological conclusions to be drawn from them. 
object is more especially to point out how these respective dips 
into the early history of marine animals and of terrestrial forests 

sities of organic life; and it would be still further psi my province 
y 

by side, without requiring - latter any general catastrophe 
that should ee the form 

* There a time, as we i seh when our chalk-cliffs, now high 
and dry, were my ae formed at the bottom of the sea by the e gradual 
growth and decay of Globigerine and the animals that fed on them 

ground into an element where these animals could no longer live 

e eR 
nin possession of some genial locality, where they have con- 

tinued from generation to generation, and still continue, with 
Globigerine and other animals, forming chalk at the bottom of the 
sea, unchanged in structural cha racter, and rigidly conservative in 
habits and mode of life through the vast gedlogical periods they 
have witnessed. So also there was a time when the hill-sides of 
Greenland and Spitzbergen, now envelo in never-melting ice 

its race from ce arention to generation down to the — meee H 
unchanged in character, and unmodified in its requirem 
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both cases, the permanent animals of the deep-sea bottom and the 
rmanent trees of the terrestrial forests have witnessed a more or 

dowed with the same means of dispersion, and confined to their 
original areas, were extinguished by the geological or climatologi- 
cal changes, and replaced by other races amongst which the per- 
manent ones had penetrated, or by new er abe from other 
areas; others, again, had spread like the permanent ones, but were 

h 

h Dr. 
type and species through ages, whilst "their ‘ade aie were 

e i fe tha oes 
not ‘been sufficient Foo of all and biological "aie g during its 

in the SS that we may be o be still living in the 
Cretaceous e chalk weet on has been going Hs over 
some part “ot ‘th North Atlantic sea-bed, from its first co e- its firs ne 
oe ae to the present day, in unbroken continuity and cunhatiied’’ in 
characte 
A portion of this address will probably astonish the vegetable 

pileousolesiege excepting perhaps, Mr. Lesquereux, whose cautious 
language, and his edna in this Journal that, properly speak- 
ing, no species can be established from leaves or mere fragments 
of leaves, are commen ‘a For the President of the Linnean 
Society avows himself wholly skeptical as to the “ New ‘Holland 
in Europe” of eocene times, denying the existence of a single 
specimen out of the nearly one hundre ed § supposed tertiary species 
which a modern systematic botanist would admit to be Proteaceous, 

unless received from a country where Proteacew were otherwise 

compact 16mo, a ve ery handy be book,” which may be carried i ‘i the 
Am. Jour. Sci.—Srconp Series, Vou. L, No, 149.— SEPt., 

18 
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pocket; but this compactness is not at the expense of either clear- 
ness or fullness. “The obj ect of this work,” so the preface opens, 
“is to supply s pu A apa field-botanists with a fuller account 0 

than the i i 

specific characters are ke ept u , and that they are specific charac- 
ters, dia ce not degetysions Descriptive matter follows and, 

the hae st experience and great aca these cannot. be 
avoided, but have to be weeded out at leisure. Here where 3 
riti i 

Ww 
doubt, of Gnglish: bot sequence, and plainly is not so much con- 

d by 
ask for <a and those who have occasion te coin many 
botanical names are bound to consider in advance how they must 
needs be pronounced. Artificial keys to the natural orders are 

g 

se. A. G 

merican Entomologist, now publishe at St Louis, has 
this year added the words “and Botanist” to its title, and 
ag Se aupecs has taken charge of i. hater al De epartment. 
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ied i ret th 
vitality during the wlacial pio and by their germination after 
it “reproduced the flora of the pre-glacial period,” we can onl 
wonder that this immense as of the hypothesis of the fivdioth 
nite vitality of buried seeds should have been made at a time when 
most biologists probably doubt whether any seed ever preserved 
the power of germination for a century or two. 

2. Carbolizing Birds ; by H. W. Parker. (Communicated by 
the Author.)—The following methods, carefully studied for two 
years, with results nti are recommended for the saving of birds 

limits of species ; por or higanor es small birds, at least as tem- 
porary representatives, when neither the time nor the expense in- 
volved in the old methods can be afforded. 

viscera are removed, to effect which neatly the legs are 
pinned widel art, and a paper several times folded is pinned 
over the tail in the direction whither the viscera are drawn out. 

roper care, the sex is readily observe Ww f cotton 

close to the body, and a knife or wire is introduced into the cavity 
and run down into the flesh of the leg, working the instrument 
around, but not so as to break the skin. For a small bird, five to 
ten drops of the commercial fiuid preparation of carbolic acid is 
made to anoint the whole interior, and to penetrate the leg b 
stretching and relaxing the same in proper position. The appli- 

the skin drawn back into © e inside of the mouth is well 
anointed, pone a Pigs: sg ape of ates pushed rile the whole 
aps of the es are re oved a ked wire in- 

in it, care bein 
meee are wet, the acid can be removed $s ee ered ch: 
peatedly a appli ed, 3 

pecimens so prepared in warm weather, can be skinned a week 
or two after, if kept boxed in a cellar. No smell of decomposi- 
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placed by cotton, aa “ah mi a sewed al The throat, neck 
and orbits are also filled with cotton. The specimen should then 
be meres arranged, encircled by a slip se? oper; and placed on 
a bed of cotton. Before this, the flesh of the wings should be 
laid wes and arsenic applied in the recent manner. 

For mounting, it only needs to run one wire through the foot, 
tarsus, and so on through the neck to the forehead, and another 

thr i 

ceparetine te hi method one of great Si ciaaees and 
the specimens will be better for study than skins, inasmuch as the 

. Small 
kept some days for skinning by a similar process, and an opening 
into the brain may be made through the roof of the mouth, if 

rred. i 

is College, July, 18 

This with all sila: methods of preparing permanent specimens, 
without ered fey has been found to be of comparatively little 
use in the damper air of the Eastern States, especially near the 
coast, — all dried preparations are so liable to mould and de- 
— 

A Synopsis et 27 Family Unionide ; by Isaac Lna, LL.D., 
Vice Pree Amer. Phil. Soc. &e. 4th ed., ve eatly rénlatped 
ree improved. 184 .4to. Philadel hia, 1870. ape C. Lea). 
oer: Lie i 

Synopsis. 
issue of the preceding « edition, the number af known species — has 

various corrections of former determinations 
have been made. ‘aes subject of the arrangement of the species 
in genera is discussed in the earlier part of the volume, ere 
tables are given, with very full synonymy id numerous annota- 
tions. The table of geographical distribution, which next follows, 
is very much enlarged. The volume closes with an Index of 
the names of species and a statement of the place of publication 
of each, and finally a long Bibliography. 
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4. Commensalism among Animals—Van BrNEDEN, at the 
meeting of the Royal Academy of Belgium, on the fifth of March 
last, continued his observations on commensalism, or the living 
together of different species of animals. He first cited the follow- 
ing facts which he had received from Mr. Al. Agassiz. A species 

Lepidonotus, of California, is always found attached on an 
Sawcsecion (A. ochraceus "Bra andt) near its mouth, on differ- 
ent parts of the ambulacral rays, sometimes five of them on a sin- 
gle individual. A small fish of the genus Clupea is often found 
lodged in the folds of the fringes of a species of Pelagia grid 
ay qulaguecras ancl) species o trudinea live 

in the of a Beroé (Mnemiopsis Leydit) of Buzza ne 
Fes the Beros- never being seen without four or five of these 
worms, and often eee seven or eight. Between the buccal 

a C 
side Studies), a speci es oaee 14 eet in diamet eter, there 

i um oO of these 
Actiniz reside common y on each Cyanea. In an Awrelia of our 
coasts, a large number of Crustacea of the family Hyperina are 
often harbored. Another interesting fact is ee commensalism of 
the young Comatule on the adult. The of the species of 
the coast of South Carolina attaches itself 7 pee basal cirri, and 
they live like a small colony of young Pentacrini. As s of pecie 
Planaria, the P. angulata Miiller, lives always in free “ commen- 
sal” on the under surface of the American Limulus, near the base 
of the tail. 

Van Beneden next speaks of the relation of the siliceous Hyalo- 
nema to the pa a polyps (a peer: of t POaee); and makes it 
as a case of co nsalism of polyps on a sponge. He adds the 
fact that Mr. Diaar Schmidt has found i in the Adriatic a Polythoa 

iving on a species of sponge of the genus Awinella. He closes 
with repeatin an opinion he had plore, ei (in the Zool. 

Iv. ASTRONOMY. 

1. Discovery of a new Asteroid, the 11\th; ads Dr. C. H. F. Perers. From a communication by the author to one of the 
editors, dated, Litchfield Herren 3 of Hamilton College, Clin- 
ton, N. Y., Aug. 16, 1870,—I take pleasure in forwarding the observation made upon an ate, the 111th of the group, dis- covered here a before last. 

4 32°88 —13 12 29°6 

The planet was of about 114 magnitude. 

1870. Aug. 142 38 31 HO. mtlAR=2 2 35 20° acai 10 ‘5-41 10 Comp. 
“15/9 540 « « 
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V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 

1. Nineteenth Meeting of the American Association for the 
Advancement of Science, held in Troy, New York, August 17-25, 

ral Secreta Brazil, Pro 
was elected to that office for the session. glo att ssa at the 

great general interest under sa ar ee as at Chicago and Salem, 
yet the absolute value of the papers read at Troy was quite equal 
to that of those presented at either of the meetings mentioned. 

the papers read in General session, that by Lieut. C. E. 
, U.S. A., upon the Chemistry of the Bessemer ‘Poot 8s, ae 

des particular mention. It was an admirable analysis of the 
hich i 

in the conversion. An abstract of the paper, by Professor Barker, 
is deferred to our next number. 

The address of Col. J. W. Foster, the retiring President, was 
delivered on priomempree evening in the First Presbyterian church. 
It was upon “ The Latest Investigations in Geology and Ar chee- 
ology, with special eesti to the condition of Pre-historic man.” 

ong the various objects. of interest in and about Troy, none 
uienioned more attention than the various Iron-works. e pro- 
prietors of the Burden, the Albany, and the Rensselaer Iron-works, 
and of the Bessemer Steel-works provided special facilities for 

y ole — inspection. : olley, to whose mechanical skill the 
erful machinery of ‘the latter establishment is due, was par- 

duly attentive and courteous. The nal at Water 

wo excursions were made fr Troy; ‘Sis hoe Albany by invi- 

tation of the Albany Institute, "the other to Saratoga by invita- 
tion of the citizens of Troy. The time in Albany was divided 
between the Dudley Observ rvatory and the Genlogisal Hall A 
sumptuous entertainment at the State Library closed the day’s 
festivities. The Saratoga Seige apt gr an entire day, dinner 
eing served at Congress Hall at 4 p.m. The Association was the 

reci srt ae sine of various private "hospitalities : 
tion voted to hold its next meeting in Indianapolis, 

alias he —in cere tabi with an invitation from that city—on the 
7th of August, 1871. A committee was also appointed to arrange 
for the following meeting in San Francisco in 1872, upon invita- 
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tion of the California Academy of ober Sciences. The follow- 
ing officers were elected for the next me 

President, Prof. Asa Gray, of Ca ier eee, Shoe Porciduas: Prof. 
George F. Bar arker, of New Haven ; General Secretary , Prof. F. W. 
Putnam of Salem; Treasurer, Mr. Wm. 8. Vaux, of f’ Philadelphia, 

The following i is a list of the papers presented : 

1. In Genera Szsston. 

- On the Chemistry of ay A ig pase Process 
Mrs. Willard’s _Theory of Circulation by hicattrasion: Mrs. A. j PHELPS. 

(Read by J. G. Morris.) 
. Last Winter’s occupation of Moosilauke Mountain in New Hampshire; 

J. tL HUNTINGTON. 

2. In Secrion A. 

Mathematics, Physics, wis ania 
1. Some new erplications of the Graphical Mi D C. Pro 
On ae m and the possibility of iatntay Rigs A eiricuiseigan © iowiip 

C. Proxenrs 
. An irsantedlbas of the Doctrine of et yg sold a W. CLARKE. 
4 The Isothermals of the Lake Region 

A Descripti 2 2S a new apparatus ‘tor illustrating the Precession of the 
Bantaoses JAS. 

ne Magnetic ‘Wells of Michigan; A. W 
7 wha is due the credit of i most siplartanit application of Steam as a 

Motive: Power; CLINTON ROOSEVEL’ 
8. On Methods of a ing optinl Meteorology, _Darticularly the aces 

of Halos and Coron, according to hnodigy eory of Bravais; JosepH LOVERIN 
9. Researches in 3: Hlecro-Magnet Ma 
10. Abstract o: pete seni le method of measuring Electrical Conduc- 

tivities by means of two equal ‘abe ace | Magneto-electric Currents or Waves ; 
ALFRED M. MayEr. 

1l. Un pu blished experiments of Prof. W. B. Rogers on the Influence exerted 
Lg the — of Carbonic Acid in gas, on its Illuminating Power; Frepewick 

12. A Gra phica 1 Discussion of the various formule proposed for the tec 
between ae sapere of light produced by the combustion of Illuminating Gas 
and the volume f gas consumed ; Puidinel E. Stumpson. 

aes : 

; L. BRapLey 
15. The } Marbice of Texas; SoLomo 

Review aes oe between Solar esa "Delbeakeie Magnetism, and the Aurora 
re 
it, A ‘Theory of the Constitution of the Corona of the Ag Simon NEwooms. 
18. On th easter tr that Matter i is ge ers le ; F. WaALLING. 

otion 
20. Thee soutitiond 6 of Stable Equilibrium i in ‘Ait Orbits: H. F. WALLING. 
21. Spectroscopic examination of the Bessemer Flame; J. M. 
22. Description of a new ee for the automatic registration of Mete- 

orological phenomena; G. W. HovaH. 
5 Rema ski: thos total fluctuation of the Barometric Column; G. W. Hoven. 
4. Relations existing between temperature, pressure, bp and rain-fall as 

indlenisd ve automatic registering instruments; G. W. Hou: 
Ealy On he rate of the Dudley Observatory Sidereal Clock Tor two years; G. W. 
UG 
26. tk a new form of -ieudgags horizon, by which vibrations are extinguished ; 

J. ie Lanz. (Presented b 
27. Description 

28. On proposed improvements for Common Roads; 8. D. TILLMAN. 
29. On a new Musical Notation: ; S. D. TILLMAN. 
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. On improvements in Inland Navigation; S. D. Tim 
a1 improved facilities for transmitting heat from one “fuid to another; S. D. 

TILLM 
32. ‘Gabi seous and Liquid Rings; E. N. Hor 

the possibility of a Limit of Visible “Magnitude FAs? Bar 
e brightness appearing on — limb of the Moon's Serre in n Photo- 

graphs of oa Kelipses; F. A. P. Barn. 
35. On the testimony ‘of ancient been in regard to the Uniformity of the 

ai 4 Rotation J. N. StocK WELL. 
e Discovery of of the force which originally imparted all their motions to all 

os stars ; JAC 
37. On the Surrey of of the Northern Heavens instituted by the German Astro- 

eye bow 4 T. H. SarrorD 
a New Method of determining the Level-error of the axis of a Transit 

instrament, C. A. Youne. 
me Solar Prominences and Spots observed with the Spectroscope during the 

a yea + OA. G. 
40. VEE, ace of progress in the investigation of the laws of Winds; J. H. 

CorFin. 
a Abstract of a paper on Temperature for twenty- ay years; O. Be ca ee 

The solvent power of anhydrous liquid ammonia; CHARLE SEEL 
elas Prof. Wallin 

e inadequacy of the prevailing Baconian eee by poceaggia and the 
fallacy - bsg exclusive use of the a priori me Pak hea 

: improved form 4 Soe Eyepiece ; 8. Ee Lan 
aM & he ‘iver meth approximation; THomas Huy 

r 46. pepo e involute -: a circle, and the analytical value of the hyperbolic 
age ; 
47. ie classfeation Gso. F. B 
48. On the latest discoveries in regard to the ‘manufacture of Ice by mechanical 

saa — 
n the method of oe audibly, — melo- 

aioe a an electric telogtoghi wire; P. H. VANDER WEYD! 

The following papers were read only by title :— 
50. On Elasticity as a flaps in Physics; 8. J. WALLA 
51. On the Advancem f the Sciences; CLinToON Soncavini 
52. On the presen prot of anie Physics ; nant ere yo 
53. Bogueetoes for systematizing chemical nomen 
54. 

2. be Vana halts 
55. t importa result obtained from the hegeetaa during some years 

of pasts conaiata in the catatiaiaie of the following theory : 
The law of gravity is not the motive power of cosmic bodies; A. H 
56. Gravity is ago the principal motive power on terrestrial bodies, oo acting 

EL. 
57. Past and Future Astronomy; JosEPH 
58. Demonstration of the Perturbation of aa which discovered Neptune ; 

JOSEPH 
59. Universal Mathematical Demonstration of the impossibility of Gravity, or 

m of Matter as Matter; Josepu Trea’ 
60. Corolaie inf be Sgt Way ; tours TREA' 
61. sone n Experiment upon the Pheysicdogtenl Action of Nitrous 

Oxyd; LW 
62. Acid Eons stion of Tribasic Phosphate of Lime; E. N. Horsrorp. 

3. Ix Section B. 

. Geology and Natural History. 
bea oe eee eX Dias E. S. Morse. 
he e Organization of the fucachisgied (Discina and Lingula); E. S. 

RSE. 
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3. The Brachiopoda as a Subdivision of the Annulata; E. S. Mor 
4. a on Seedling Compass-plants ilphium lacniatan) "Tuos. Hit. 
5 evelopment of Limulus ~~ Lge ne 8. Pac 
6. The Terrace Epoch in in Michigan; A. WIN 

n the Relation of Organic “rife of ee ea continents to the Physical 
Character = those nd areas ; f 

On character o: We dosorration pr to interpret the record of the 
ast Glacial Period; N. 8. 

a method of pea am certain Geological facts adopted by the Social 
Science pmo HALER. 
- $3 on the Condens and Humming birds of the Equatorial Andes; JAMES 
bri 
11. On the evidence of a Glacial Epoch at the Equator; James OrTo 
12. - the Eeelogies of the Cranial Bones of the Primary Types sof ‘the Rep- 

tiles; EDWARD 
13. 0 fa the Reptilos of the Triassic formations of the United States; EpwarD 

OPE 
14, On the ewe of two classes of male flowers in rae Semen sweet chest- 

nut, and the influe wd nutrition on the sex; THOMAS 
15, On dbjections o Darwin’s theory of Fe rtilization thirongt Insect agency; 

THomas M ee: 
16. On the law = er branches, and its relation to the law of sex in 

plants; THOMAS 
17. The s pani Mievaiin and Depression of the Continent during the Glacial 

period; J. B. Perr 
18. ‘The Bou idk Trains of Berkshire county, Mass. 
19. The Development and Old Age of the emiacine: Dophalirkide; AL- 

yy: HYAtTrT. 
The Genetic Relations of the Arietes; erg Hyatt. 

a1 The porphyries of Marblehead; ALPHEUS HYATT. 
22. Geology and Topography of the White Mountain, N. H.; A eS hi Ce 

i 

song f Orth: ; F. W. Potn 
6. On the sa It deposits of ve ser Ontario; T. P Beant Hunt. 

27. On Tron § — res; T. SteRRY Hunt: 
28. Notes on Granitic I ocks; T. Senin HUNT 
29. On the oil- be earing limestone of Chicago ; T. 
30. On the Lignites of West America, their Distribution pe Economic Value; 

B 3 oie 
On the Sequence ge Chronology of the Drift Phenomena in the Mississippi 

valley; J.8. N. 
On some ite ice and traces of the Mound Builders; J. 8. NEWBERRY. 

38. On the relation of the Onedonta Sandstone and Montrose Sandstone of Van- 
ilto: 8 L. 

Dn an 
reference to the source of the sediments of these Formations; JAMES 

35. Note SB et the Rocks of the Huronian — on the Peninsula of 1 Michi- 

em AMES HL 
_ 37. On the Geology of the Delta, and the > ibataie of ~~ Passes of th: 
issippi. I. Geological Structure of the u upper Delta plain. The lower * Delta, 
and the Mudlumps of the Passes; E. W. Hitearp. ead by J R. Walker.) 

38. Apatite Deposits of Lamark Co., Ontario, Canada; GORDO 
39. On some new generic forms of Brachiopoda, wi with ax on some points 

D. 

sap © order Docoglossa of Troschel ; oa pipe [On the nature of the foliage of Fin Pines, e criticism pO te oa Garo she White Mountelas; “D Aeuaek “(tend by J.B. 
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J — on st relative age of the Niagara and so-called Lower Helderberg 
A. H. 

ws ’Probable Origin of the South Carolina Phosphates; W. C. Krr 
5. On some points in the "Stratignapliy and surface Geology of North Carolina ; 

. KERR. 
46. A point a ea Geology; a ©. KERR. 
AT. theres in Washington Territory; R. W. Ra 
48. The Salt 5 i at Silver Peak, South ern Nevada; W. an ahi 
49. On Abnormal Vertebre of the Elephant; Sansorn Tew 
50. On a new locality of Kyanite; Sanporn TENNEY. 

ints in gy of E 

. On 
54. On the subdivisions of the Branch Mollusca ; THEODORE GILL. 

“88 following = were read by title only :— 

. Sketch of the researches ee Pages Bs ‘ite eter travel through the five 
Pie of Central Aianvioe, part of e Republic of Ecuador and 
Peru; then on the Island of Chincha aa tie "islasawh Archipelago; M 
HABEL. 

56. On the occurrence of native iron, not meteoric ; H. B. Nason. 
57. On oe ——e of ee American Bt j H re nes A 
58. On n quartz crystals; L. F 
59. Gediog ogy of the fe Cotenenas Mining District of the “Tiah Territory ; P. A 

CHADBOURNE. 
60. The Geysers of Iceland and California; P. A. CHa i 
61. Guano, the origin of the Apatite of Ridea eau, Canada; ORSFORD. 

ne fat Water Pond Overlying a Salt Water Pond in Tiddlesax pers Mass. ; 
RSFORD. 

os 63. ad omy of glacial action in the placer and gulch gold of California; E. N. 

64. cpr and Lake Regions; S. J. WALLACE. 

4. In SupSectron C. 

mais 
oscopic Circuits of Generation: a. Of tic Fungus; f the (nom- — 

inal) rats of Fresh Water ie as development phases of snes foe c. Of 
Vorticello-Planarians; T. C. HitGarp. (Read by J. E. Hilgard.) 

a new form of Bindontar r Microscope ; ARNARD. 
the Structure of the scale of Podura plumbea; FLA 

4. On a Tiumination - Binocular Microscopes, with proposal for a new Dia- 
pire Pe bebe 
TS on Ste aot ¢ vision as applied to the Microscope; R. H. W. 

6 Some remarks on n Noort’ lines, with particular reference to Dr. Woodward's 
as has tig 

remarks on a vn Picket Microscope and Telescope combined; JOSIAH 

8. "hot remarks Flies two ro deposits of Diatomaceous earths recently thrown up 
by the Sea; Epwin 

9. Remarks on a “method tot ae very low power with the microscope, 
with demonstration 

5. ly SupSecrion E. 

Archeology and Ethnology. 
1. Observations of the stone used by the Indians within the limits of Massa- 
ge eee of their implements, with some remarks on the pro- 

REGORY. ufacture ; oiutke 
2. The rE ora Laws. for Special ium: Guo: A. Lz 
3. On some peculiarities of the Grammar of the Eskimo Dialects; oo paws 

Wt Se gee a ee RT Pr 
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a® Sign- sania as illustrative of the Laws of Written and Vocal Language; 
W. Sam 

5. Danetas on customs of the Waribiara and Reais, Indians i in the vicinity of 
bay Lagoon, Central America; J. A. McNIE 

On “ Pure Scarlet ;” in a letter from Ww. H. Datx (letter to 
Prof Silliman dated Smithsonian Inst., Washington, D. C., M 

e mm 
seaniet, far gar in brillianey to any of the various ales of 

rmillion, , which are commonly sold in the sh 
ad, however, no occasion to use the color until 1865, when I 

colored a lithographic plate (on ordinary paper used for such pur- 
poses) of Pentstemon Cerrosensis Kellogg, putting in the darker 
shades with carmine. 
In the summer of 1865, at Sitka, Alaska Terr., I made 

demi of AZolis and other nudibranchiate mollusks, eal ea 
streaks of bright scarlet upon various parts of their bodies and 
tentacule, These were sent by mail to the Smithsonian Institution 
where —y, remained until my return from the north in 1868. 
In 1866 being in San arnt I chanced to examine the plate 

stout, thin, map-pa how the distribution of the Indi 
es. e color was iad Be on thickly and uniformly over the en- 

tire surface of two or e of the divisions ee the map. As this 

to fade rapidly, and in the course of a few months the paper was 

pigment remaining. This oie the fading of the colored plate 
. min n examination I found that the latter was m 

the same condition, not a cle arlet remaining, and the 

- fact that the scarlet ie entirely faded away, I had failed 
to recognize it. It was made on the best rough drawing paper of 
English make. 
An e pp of the substance showed it to be soluble in 

iodid of am and hyposulph. soda, and with nitrate of sil- 
ver in solution 4 8 gave iodid of silver, hence I suppose it to con- 

sist w rin part of iodid of m en a fragment 
* for examination. The supposition that it was as acted upon by hy 

kindy soda — “ae oe is dou in view of the fact that t 
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s the pigment is an exceedingly attractive one, ae to be 
use 4 by naturalists in valuable drawings, it may not be out of 
place to call their attention to its ephemeral a es. o 

Professor Marsh's Bésky Mountain Expedition. Discovery 
of the Mauvaises Terres fervent in Colorado.—Prof. Marsh and 

he had already m a successful expedition to the Loup Fork, 
and obtained ee sdllbotbod of ah ar but they were pre- 
vented by the Indians from going on to the Niobrara region. The 
following is the copy of a later letter ® J. D. Dana, dated Pine 

south of the Wyoming State line. The strata there ane 
consisted of at least 150 feet of light-colored clays, overlaid by 
sandstones and conglomerates about 200 feet in thickness. Th 
lower portions of the clays are the true Titanotherium beds, con- 
taining many remains of Titanotherium Prou Above these 

lak e-basin, east of the Roe ocky Mountains, which is so cakes 
for its extinct animal remains. Our ur party traced the same forma- 
tion, with its more common fossils, about thirty miles northeast 
into "Wyoming, along the hills ra as Chalk Bluffs, and still 
farther north i * _ ine Bluff range. We hope soon to examine 
it - other poin 

Glaciers o Scotland. —Prof. se OLL, in a memoir on the 
. Benldersiny of Caithness,” in t ological Mapadne for 
J -, ~ 0, takes - Seige that the “boulder drift of Scotland is 

ot 

* The color sent by Mr. Dall is, as he supposes, mercuric iodid, well known 
toch emists as very volatile, changing at a gone heat from scarlet to nearly white, 

the latter by friction returning again to scar’ 

a: 
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: 
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and holds as well for New England and the rest of North America 
as for a aor Dana, in his recent paper on New Haven 
Geology, d the same distinction areas the drift that was 
deposited oy glaciers over the land, and by glaciers over waters. 

Dr. Rob n also presents ihe: glacier theory for Scotland 
in an arhole cor before the Geological Society of London on 
June 22, entitled—On the Physics of Arctic Ice as explanatory of 
the Glacial remains in Scotland. 

5. Meteorite Irons.——The Museum of pees has = 
ceived an iron meteorite from Atacama havi maxim bane 
eter of a third of a meter, and weighing 51 “kilograms. “The iron 
contains about 6 per cent of nickel. 

ermak has studied the meteoric iron which fell at Lodran, 
near Moultan in India, on the Ist of October, 1868, a fragment of 
which was sent to the Vienna museum by Mr. Oldham, Niccoli- 
ferous iron constitutes about 32 per cent of it; and but for the 
iron, the meteorite is identical with exileasil: chr solite rocks. 

d h 
magnetic pyrites and chromic iron. e chrysolite contains 12 
per cent of protoxyd of iron.— JL’ Institut, July 20. 

6. Fall of a Meteorite in mites a Co., Georgia.—Prof. J. Law- 
RENCE Smiru states in a lette o Prof. Brush, dated corpse 
Ky., July 18th, 1870, that a shen stone fell in Stewart county, 
Georgia, in October, 1 1869. He adds that a-desoription of its fall 
and phenomena by Prof, Willet, and an oe ee of it by himself, 
will be sent for the next number of t ournal. 

. Prof. Hetmuoxrz takes the ie of Physics at Berlin made 
vacant by the death of Magnus. He will enter upon his new du- 
ties in April next.— Nature, July 28. 

Prof. J. Watson has been ee by the Paris pares s of : sd 

. the oceurrence of a Peat bed fevaaath deposits of Drift 
in Southwestern Ohio.—The author of the article on this subject, 
at 4 54, is Professor Epwarp Orr TON. 

oodward on the Magnes d Electric Lights for 
Piccembcennigh y.—The dituatrhtioun vor this article, on pages 
298 meri 301, of the last volume of this Journal, should be trans- 
pos 

OBITUA 
Jacos P. Giraup, Jr., the SeitiBOlOiNG died at wdotn ase Bg 

on Tuesday, July 19th, i in the fifty-ninth year of his a A par- 
udu an 

r dy. 1841 he 
bd in 134, “A more val of Sixteen New S ecies of Texas foe 

in the country aie rita hing te y. of AG dubon’s types o pre sented to Vassar College. nm addition he bequeathed to Vassar 
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College the sum of thirty thousand dollars to endow the sbi: 
ship of Natural History, and two thousand dollars to complete hi 
cabinet of North ee Birds. 

Mr. A. H. Hatray, of Antrim, Ireland, an entomologist of dis- 
tinction died on the 13th of J uly, near Lucea, Italy. He gradua- 
ted at Trinity College, Dublin, in 1822, at the age — 15, and five 
years afterwards as a gold medalist. — Nature, July 21 

VI. MISCELLANEOUS BIBLIOGRAPHY. 

e Andes and the Amazon, or across the —— of 
South Seuecion ; by James Orton, Prof. Nat. Hist. in Vassar 
Coll., Poughkeepsie. 356 pp. 12mo, New York, 18 0. ~( aie 
& Brothers). —Prof. Orton made his journey through South Amer- 

aiation, with Mess eV s and A. Bushnell cf Williams 
llege, ‘and othe course Som Paitay Peru, was by Guaya- 

ui o, and shana over the mountains to penned thence 

andscapes and tropical productions. It contains a map of the part 
of South America from the Pacific to the Atlantic in the latitudes 
of the Amazon and its tributaries, which appears to have been pre- 
pared with care, and also sev eral excellent woodcuts of epee 

etc. The party had not the pce or instruments for extended phys- 
ical investigations. Some of the observations of Prof. Orton have 
appeared in this Journal (vol. xlvii). Specimens were collected in 
zoology an any, and some of fossils, and these have been put 

the ha of different naturalists for description 0 
the geological facts we observe the wy at of tertiary fossils at 
Pebas, on t azon, in long. 7 height of 345 sg 

2. The Caerioet3 History of the Six Days of Creation; by 
ee Putin, C.E, 96 pp. 12mo. New York, 1870.—This work is 
not, fetal its title seems to impl y, a discussion by a chemist of the 

emical history of the earth’s genesis. It treats Page of the 

in the ma ee those that have been presented ie Prof. Guyot, 
and ~T i read. with prof, T There are ae ideas peculiar to the 

the ashes of the great combustion;” that the “evening” of the 
“fifth day” resulted from the separation of Venus from the sun 
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and the “ morning ” from “the restoration of the brilliancy of the 
sun;” the “evening” ” of the sixth day “from the separation of 
Mercury from the sun,” etc. The author by bringing more exact 
science to bear on the subject and a wider oichaneey will be en- 
“ie to prune his work of some manifest defects. 

The American Chemist: a Monthly Journal of Theoretical, 
Go ciyaioat and Technical Chemistry. Edited by Cuas. F. Cuanp- 7 ; 
LER, Pu.D., an . CHANDLER. ew York, 1870. (William 
Baldwin & Co., 434 Broome St.)—The American reprint of the 
Cenc! News having been given up, the ee elo and 

to it in value. The first two — hav ve been seu 1 @, 

announced that after the close of the current year, the American 
Chemist will be conducted as an entirely independent journal. 
The neenn On price is $5. 

4. On the Gulf Stream, and the Thermometric hononoledge of the 
Atlantic Oeei pee adjoining lands in the year 1870; by Dr. A 
Prr 4 pp. 4to, with three _ colored temperature 
Ghaatk Got o.. Stig 1869. (Justus Perthes. From Petermann’s 

and the lands adjoining, including the later poet of the most 
recent expeditions. sea temperatures, as Beles as the saltness 

region between the meridians of 75° W. and 60° E., north of the 
arallel of 35°; the first, the isotherm for J uly and the second for 

sake pages are devoted to the instructions given to the second 
n North-pol polar Expedition, 1869-1870. 

ae :. Boaeeiog of Gold and Silver Ores, and extraction of their 
respective metals without Quicksilver; by G. Kusren. 145 pp- 
12mo, San Francisco, 1870. (Dewey & Co. —This little treatise 
contains an intr chapter on the classification of silver oductory ¢ 
ae .¥ which is followed by a chapter on roasting, divided into 

treating, respectively, of the chloridizing and the or 
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extraction of gold by the chlorination process. The book ese arises 
a large amount of valuable facts expressed in a very compact 
manner, besides embracing much original matter, the ecniha. of the 

Bulleti 0! é 
1864. No. 1 of this Quarterly Bulletin appeared on January of 1869 ! and the first 
number of vol. ii in Jan. 1870. e numbers contain about 100 page 

Report on the Coals and Iron Ores of Pictou County, Nova Scotia; "by Edward 
Hartley, F.G.S., Mining Engineer to the Geological Survey; being an ’ Appendix to 
Reports on the Pictou Coal-Field. From the Report of the Geolo — Survey of 

e Dominion of ee for 1867-69. 78 pp. 8vo. Montreal, 18 

6 
cht der im Konigrels he Sachsen zur Chausseeunterhaltung verwendeten 

B. & C. TH. Ste = zusammenge —_ von Dr. H. EINITZ, K. Professor, and 
—* eer 6 pp. 4to. Dresden, 1870. 

Paris Universal Exposi — —The following additions have been made to the list 
of Publications of Reports connected with the Paris Universal Exposition, given 
on page 258 of the last volume of this Journal: 

Extracts from the fief of the International Committee on Weights, Measures 
and Coins, with a notice of the use of the Metric pi in the United States, and 
its relations to other systems of Weights and Mea: 

Clothing and Woven Fabrics, being preret ery seven to ieeaier’ 
nine of Group Four; by Paran Stevens, U. S. Commissio p. Svo. 

Report on Education; by J. W. Hoyt, U. 8. Oanuinisaioned: yt pp. 8 
pr yet of the Paris Universal Exposition of 1867; by Wm. Pp ‘Blake. 

40 pp. 
eon a with selections from the Correspondence of Commissioner-General 

Beckwith and others, showing the organization and administration of the United 
Section. States 

PROCEED: THE ACAD. Nat. Sct Pumapetpnia, No. 1, 1870.—Page 1, 
Supposed sivatherhi i toek Colorado; J. Leidy.—p. 3, 4, 5, Reptile remains from 
Colorado; the Alabama Cretaceous; Port B ridger Tertiary (a a turtle named Baptemys 
Wyomingensis); J. Leidy.—p. 5 ai nd 1 1, Fossil Birds of the U. 8. Cretaceous and 
Tertiary ; 0. C. Marsh.—p. 6, Analysis of the nickel ore “8 the Gap mine, Lancas- 
ter Co., Pa.; Wharton.—p. 8, Mylodon 1 America; J. Leidy.—p. 9, Note 
val the tang) Dromatherium sylvestre of Emmons; id. 2 p-», Note on Elasmosau- 

Dicotyles err ‘fom J. Miocene; 0. C. Mar. sh.—p. 12, 
fentnyodrates J. Leidy.—p. 13, M egalonyx Jefferson’ and Bison antiquus in 
‘Illinois; id. aE 3, Growth of wood in Yucea: eehan.—p. 14 ¢ rtilization . 14 Cross fe: 
and the law of sex in Taplow; id.—p. 15, Relations of Synocladia of King to Sep- 
topora of Prout; Meek and Worthen.—p. 18, On Discosaurus and its allies; idy. a 2 ts 

=p. 90, Explora e Rocky eas LS ae eee oat 
er, 
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Art. XXVIIL—On the Examination of the Bessemer Flame with 
. sees Glasses and with the Spectroscope ; by J. M. SILLIMAN, 

.H., Adj. Prof. of Metallurgy, Lafayette College, Easton, Pa. 
[Read at the Troy Meeting ofthe Am. Association for the Advancement of Science.] 

I. Examination with Colored Glasses. 
_ Ly the Bessemer process, the progress of the decarbonization 
1s determined chiefly by the appearance of the smoke, flame 
and sparks which are emitted from the apparatus. Owing to 
the rapidity with which the reactions take place, it is highly 

' important to catch the exact moment when the blast should -be 
turned off. This is indicated by the color and brightness of 
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eo owing experiments were made at the Bessemer Steel 
Works of John A. Griswold & Co., in Troy, while pursuing the 
chemical course in the Winslow Laboratory of the Rensselaer 
Polytechnic Institute. In my observations on the flame I made 
use of the spectroscope, and also of a combination of colored 
glasses. This combination consisted of two light-yellow glasses 
and a blue one, through which the sunlight appeared of a deep 
purplish-blue tint; and as it differed slightly trom Rowan’s, 1t 
gave somewhat different results 

In order to reproduce the appearance of the flame at the dif- 
ferent stages of the process, I prepared a plate consisting of 
about a hundred varieties of colors and tints, all of which were 
numbered and aa referred to a table which indicated their 

power. 
At the beginning of the process that which issues from the 

converter does not appear to be a true flame, but only an illu- 
mined stream of gas carrying with it innumerable we hot pellets 
of iron. This gas has scarcely any illuminating power, extends 
but a short distance from the mouth of the converter, and is 
sometimes sheathed with a whitish smoke. Seen through the 
glasses the flame and sparks have a deep crimson color, the con- 
verter is invisible, and at the base of the flame is a crimson 
band which continues throughout the process. 

As the reaction continues, bet stream of gas grows brighter 
and more elongated, and a ew minutes a small poin nted 
whitish flame appears, which truitelenly increases in size. At 
niet ie the blast-pressure falls from twenty to ale 

washed up on the sides of the converter, and can be seen clinging 
around its mouth in a spongy mass until detached and thrown 
a whe the blast. The greater poros: ns the slag and its con- 
sequen’ a ow rapid cooling would also cause a difference of 

peratu 
Tn the meond period the discharge of slag increases, and_ the 

flame is very norte and php with pa dark 
streaks, glasses e begi of this period 



ee 
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the flame is of an ashy blue color with streaks and flashes of 
crimson ; the edges being sometimes of a purplish hue. At this 
point surrounding objects are illuminated, and the converter 
becomes distinctly visible. A wreath of crimson is seen sur- 
rounding the flame where it strikes the chimney. By the middle 
of this period the crimson almost entirely disappears from the 
body of the flame, leaving only a slight cone at its base, and a 
border of greenish hue makes its appearance, and gradually 
grows more decided. Streaks of a dark blue color are also seen 
in the body of the flame. 

"he beginning of the third period is scarcely indicated to the 
naked eye, though the flame becomes somewhat weakened, 
and after a few minutes shows dark streaks running through it. 
Through the glasses at the commencement of this period the rose- 
colored cone begins to expand and deepen, the greenish sheath 
is more decided, while streaks of dark and green are visible. 
After a few minutes the change becomes very rapid, a few 
seconds only being required to reduce the flame from rose-color 
to the deep crimson non-illuminating gas, as at first, and again 
the converter is lost to view, by which time the blast should 
have been turned o: 
The gradual fading of the crimson from the beginning of the 

blow and its deepening at the termination of the process, as well 
as the erimson band at the base of the flame and the wreath of 
crimson surrounding the flame at the chimney, tend to confirm 
Mr. Rowan’s views, which are, that the different shades of crim- 

period than at any other. a; 
ri the base of the flame and the wreath of 

rose-colored cone extending from the base at the center, which 
we would naturally consider the hottest part of the flame; but, as 
im the flame of the Bunsen burner, the hottest part is in its outer 
sheath, the conditions of combustion in both being similar, it 
1s probable that that part of the flame occupied by the cone is 
ata lower temperature than that surrounding it. 
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The green streaks in the flame are most intense when the 
manganese spectrum is brightest; and as the color of the flame 
when the spiegeleisen is added is also green, we are led to 
suppose them due to the presence of manganese 

On two occasions simultaneous observations were made with 
the spectroscope and the colored glasses; but with the exception 
of that just mentioned, and the changes at the commencement 
and termination of the blow, no striking coincidence was noticed. 

IL Zeamination with the Spectroscope. 

The science of spectrum analysis is yet in its infancy, and 
there has been no scientific investigation, perhaps, which has 
been more contradictory in its results than that of the Bessemer 
flame. The first application of the spectroscope to the analysis 
of the Bessemer flame was made in 1862 by Dr. Roscoe at the 
works of Messrs. John Brown & Co., in Sheffield. Soon after 
this it was in constant use in Brown's works for controlling the 
process. It was next introduced at Crewe, and from there said 
to have been taken to Seraing, in Belgium, in 1865. 

the field of view, while the spectrum with which it was tobe 
compared was seen immediately below. The spectrum of the 
flame was thus compared with the following spectra :— 

1. Spectrum of electric discharge in carbonic oxyd vacuum. 
2; = * strong spark between silver poles in air. 
Cu ee oe oe oe 74 iron oe 

4. 6“ “6 6c ““ a 66 $62 246 hydrogen. 

5. Solar spectrum. 
6. Carbon spectrum—oxyhydrogen blowpipe supplied with 

olefiant gas and oxygen, 

The coincidences observed were very few, and totally failed 
_ to explain the value of the Bessemer spectrum. h 
the well-known carbon spectrum did not occur at all, either as 
bright lines or absorption bands, nor was any coincidence ob- 
served between the lines of the Bessemer spectrum and those 
of the carbonic oxyd vacuum tube. The lines of lithium, so- 
dium and potassium were strongly marked and identified with 
certainty. He found that three fine, bright lines between E 
and 0, shown on the plate at 663°, 67°, 674°, coincided with 
those of iron; and in place of the red hydrogen line O, he dis- 
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covered a black band which he considered an absorption-band, 
ather. 

nitrogen is most abundant, and it is for this reason that the first 
investigator, Roscoe, expressed himself as confident that the nu- 
merous lines of the spectrum were caused by this gas, although 
he could obtain no coincidence. 

Brunner* states that “no part of the Bessemer spectrum is 
ever visible in the flame when the converter is heated for the 
first time after being re-lined, but that when the lining is not 
new, Lielegg’s group of green lines (CO7) appears in the spec- 
trum, which then contains also the lines of potassium, sodium, 
and lithium.” From which he concludes that this spectrum is 
not to be identified with carbonic oxyd, but must be produced 
by other constituents of pig-iron. Others state that the Bessemer 
spectrum is sometimes visible while the converter is being 
heated after a blow. I made an observation of the flame from 
the converter while it was being heated the first time after being 
re-lined, and obtained with great distinctness the potassium, 
lithium, and sodium lines, but have not under any circum- 
stances detected any other lines while the converter was being 
reheated. 

never observed it, but Dr. Wedding, who has summed up the 
observations of others, states that he has repeatedly seen it. 
Its position is at 185$°. 

he instrument used in my investigations was constructed 
by Alvan Clark of Cambridge, and consists of an equiangular 
flint-glass prism, in a metallic box, into the sides o which at 

the requisite angles are screwed an inverting telescope with a 

* Van Nostrand’s Hclectic Eng. Mag., vol. i, page 508. 
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magniiying power of six, and a tube containing the adjustable 
slit and lens for rendering the rays parallel; also a tube with 
a scale, which is placed at such an angle that it is reflected 
from the surface of the prism through the telescope to the eye ; 
it can be so adjusted as to appear along the upper edge of the 
spectrum. I was provided with Bunsen’s plates of spectra on 
a large scale, and in order to adapt them to the scale in my 
instrument, I took the spectrum of the sun and obtained 
Fraunhofer’s lines with great distinctness. Two characteristic 
lines in the solar spectrum were then noted, one of which 
appeared at 37° and the other at 117°, and a space measured 
equal to their distance apart as given on Bunsen’s scale. 
This was divided into eighty equal parts, and the division 
extended in both directions. By the application of this scale 
to Bunsen’s, [ found that the remainder of Fraunhofer’s lines 
in my instrument exactly coincided with their position on his 
plates. The correctness of the new scale was also proved by 
other coincidences. By moving the prism, Fraunhofer’s lines 

t 

about thirty feet from the flame, though I have stationed my- 

self at intermediate points between that and the flame; at one 
time sitting so close as to be almost scorched. Nearly all 
my observations were made at night and the lines obtained 
much better defined than when seen in diffused sunlight. 
The my observations was kept as follows :—Five 

columns were ruled, headed— 
| Degree. | olor. | Brightness.| Time. | Remarks. | 

Note was made of the dark bands as well as the bright ones, 
both of which were classed according to their distinctness, as 
very bright, bright, faint, and very faint. In the time-column 
was noted the number of minutes after the commencement of 
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te oer 
of this in the statements of others, and it may account for some 

of the first period at the beginning of a more decided flame. 
Tt comes flash 

of the other lines make their pppestanes in vivid flashes as 
1 ithi ree OF 

ized sodium to produce its spectrum, and thus occasion the 

flashes so characteristic in the first appearance of that line. 
Lithium exists in a much smaller quantity and requires y55}535 



- 
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f a grain, or thirty times that given for sodium. By the time 
the lithium line is established the red potassium line at 233° 
and occasionally the violet line at 135° appear, and the blue and 
green fields become divided into bands which are so rapidly 
resolved into bright and dark lines, that it is difficult to note 
the exact time of the appearance of each. The spectrum in 
creases to a dazzling brightness, and ati itself in both direc- 
tions until it reaches from 234° to 140°. 

During the third period the Leta becomes more brilliant, 
and ~ =n more distinct. Several new lines make their 

swept away with the others, and at other times en a 
visible. In either case the change i is very decided, and does 

not generally occupy more than three seconds. In ‘the course 
of my observations, “eal er ag lines have been detected, as 

- given in the table below 
Some of the lines given by Lielegg I have failed to _— but 

have detected others not given by him. 
Ist Period, 234, 35, 50, 135. 
24 Period, 234, 89, 43, 44, 443, 454, 46, 473, 48}, ri 52, 53, 56, 

64, 614, 62, 624, 63, 65, 664, 674, 70, 72, 120, 135 
3d Period, 234, 35, 43, ‘44, 444, 454, 46, 474. 484, a 514, 52, 53, 

56, 5 7, 614, 62, one 68, 65, 664, 67, 674, 70, 72, 
100, 102, aca 105, 108, 

Among the dark bands iia “— most intense occurred 
at 4446, 51-55, 56-58, 62-64 ; others were found at 33-845, 
364, 374, 384, 40, 68-72. 
Many of the dark bands were crossed by bright lines. 
I have repeatedly observed the dark band considered by 

‘ Roscoe to be a hydrogen absorption line, but have not noticed 
that its intensity varied with the dampness of the weather. 
Whether it is an absorption band or not can be determined by 
a series of observations continued through wet and dry hogee 
If this proves to be a hydrogen line, the Bessemer spectrum w 
be found — oo than is generally supposed. It has 3 
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observed except two or three in the latter spectrum. 
brightest calcium line, however, was not visible in the Bessemer 
spectrum. The Bessemer spectrum contains yet many mysteries 
to be solved, among which is the cause of the non-appearance 
of the lines of the spectrum at the beginning and termination 

trum at the beginning and termination of the blow is because 

acteristic line, but, according to Simmler, a much larger quantity 

of manganese is needed to obtain a recognizable reaction than 
that which can be detected by the well known blow-pipe reaction 
with carbonate of Consequently, spectrum analysis does 
not depend alone upon the presence of a body but also upon the 

* 
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presence of a certain quantity. And although manganese is al- 
ways left in the iron, it may not be left in sufficient quantity at 
the termination of the blow to produce the spectrum, and for 
this reason the lines disappear.” 

To this theory there are same some strong objections. 1sé. If 
we take manganese in sufficient quantity and hold it in a flame 

theory for the non-appearance of the sodium line at the begin- 
ning of the blow, as sodium then in all probability exists 
in the issuing gas in sufficient quantity to produce its spectrum 
at a high temperature, as it is only by special precaution that 
we can keep it out from any flame. 8rd. A still greater diffi- 
culty would arise in applying this theory to the spectra of sodium 
and lithium at the close of the blow. As has before been stated, 
these lines sometimes disappear at the moment of complete 
decarbonization, and sometimes remain. In the former case, to 

‘Se 
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the converter as dark smoke, but as incandescent vapor having 
its characteristic spectrum. The lack of sufficient flame may, 
therefore, account for the disappearance of the manganese spec- 
trum. The Bessemer flame presents other problems, and opens 
an intensely interesting field for scientific investigation ; and by 
the use of more delicate instruments than have yet been em- 
ployed for this purpose, discoveries may be made which will 
throw new light upon the subject of spectrum analysis. 

Art. XXIX.—On a simple method of measuring Electrical Con- 
ductivities by means of two equal and opposed magneto-electric 
currents or waves ; by ALFRED M. Mayer, Ph.D. 

[Read before the Troy mecting of the American Association for the Advancement 
of Science.] 

portion of its ee Se projecting beyond a fixed stop (see fig. 2) ; 
over this free end of Pp 

the reverse of those of the other. The spirals are clamped 
together and their four terminal wires are carried vertically 
downward into four separate cavities containing mercury ; these 
mercury-cups are so connected with a reflecting-galvanometer 
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that, when the spirals are together slid off the magnet, the two 
equal electric currents, thus generated, simultaneously tend to 
traverse the ga vanometer in opposite directions, and therefore 
its needle remains stationary. If we now introduce into the 
circuit of one of the spirals a resistance equal to that introduced 
into the cireuit of the other, the needle will still remain at rest 
when the spirals are slipped off the magnet; but, if the resist- 
ance placed in one circuit is greater or less than that placed in 
the other, there will be a deflection of the galvanometer needles 
when the spirals are remov us, by introducing wires 0 
different metals into the circuits we can readily determine their 
relative conductivities, by making them of such length that 

two wires whose conductivities are to be compared. These 
coils contain equal lengths of the same sized wires and the same 
number of turns ; the direction of the turns being opposed in 
the two coils. The coils having been bound together are placed 
in a plane at right angles to the line of “the dip,” and the four 
terminal wires are so connected with the reflecting-galvanometer 
that the two induced currents tend to traverse it in opposite 
directions. The coils are now quickly rotated through 180°, 
around an axis at right angles to the line of the dip, and if the 
wires present equal resistances the needle remains at rest; if it 
is deflected, the direction and the amount of the deflection 
shows which coil has ae jae resistance and affords a means 
of estimating the sam 

r this general al deshigtan of the method I will present, 
in alee, a be wi of the apparatus used, and of the actions 
which take Re ace in it; the degree of precision of the method ; 
examples of the determinations of electrical-conductivities, and 
experiments on the modification of the method. 

2. Description of the Apparatus. 

The magnet was formed of a rg age of three steel bars, 
separated from each other by slips of wood -2 in. thick. The 
middle bar was 10:4 in. long and its ends projected ‘25 in. be- - 
sg the two side magnets. Hach bar was 27 in. thick we 9 

wide. About three months before this investigation was 
indianc they had been magnetized to saturation by the 
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following process. The axis of a helix, 8°7 ins. long and con- 
taining 558 feet of ;; in. copper wire, was placed in the line of 
“the dip” are a current so sent through it from ten Bunsen 
cells that its N. pole was toward the earth. The separate bars 
were then drawn through the helix until they ceased to acquire 
an increase of magnetism. This method gives a uniform and 
powerful magnetization, and probably may be improved by 
causing the bars to vibrate as they pass through the helix ; 
which can be accomplished by means . a tuning - fur- 
nished with a long brass stem. After the magnets were com- 
bined, as described above, a weight of 1°5 Ib. was is at 
the end of the middle bar. 

The magnet was supported in an EH. and W. line, 15°5 in. 
abov ve the surface of the mercury in the cavities of the wooden 
‘‘connecting-block” placed below it; and 2°5 in. of its S. end 
projected — the wooden clamp which held it. 

The were formed of ;'; inch “ double- went ” Lake 
Snpetioes wire. ach spiral contained 176-06 in. of wire coiled 
im 20 turns, and the terminals were 15% in. long, thus making 

- 207-06 in. of wire in each cance The greatest ran of the 
spirals was 3°9 in. and each had a central opening of 1°7 in. 
Their thickness after they were covered with naire Saas — 
and varnished was ‘06 in. The covering of the two terminal 
wires of each spiral was saturated with melted paraffin; they 
were then firmly tied together with silken cord to about ‘4 in, 
of —. ends where they separated and formed forked reais 
tio 

The spirals were formed in this manner. An iron plate A, 
which screws on to the mandrel of a lathe, has cemented on to 
its face a dise of hard wood b, 1°7 
in. in diameter and ‘1 in. thick. 
From the center of the plate A 

the plate B is screwed ‘home’ 
the dise 6 fits into the cavity }’ 
and the plates A and B are sepa- 

zw 

wire, while the disc 6 forms a cylinder between them on which 
to ao ae iral. 

of the wire to be coiled is passed through a hole d 
in a ae B, which is then screwed home on to A. e lathe is 

then turned so that the wire is coiled over the center dise from 
A to’. After the space between the disc is filled with coils, 
the f free end of the wire is secured and the plate B unscrewed, 
while the wire slides through d and the coil is not unwrap- 
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ped; which would have taken place if it had been coiled 
in the direction from d to A. Th 

taken off the chuck, and on holding it up to the light the 
copper wire is distinctly seen through the translucent covering 
of the wire and the paraffined paper cover of the spiral. The in- 
sulation thus obtained is very perfect and the coils are firmly 
cemented together. The terminals are now led radially from 
the spirals, and are tightly bound together as described above. 
To still further strengthen the spirals, both they and their ter- 
minals are covered with a firm layer of shellac varnish. 

I have thus minutely described the process of making these 
spirals for they are of inestimable value in many electrical 
researches ; having been used in my recent investigations in 
electro-magnetism, and will be again used and referred to in a 

n this position the magnet caused a deflection of 52/5 in the 
needles of the galvanometer and they were brought back into 
the meridian by means of the damping-magnet. 

The deflections of the needles were read off by the beautiful 
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method invented by the illustrious Gauss, using a telescope and 
seale placed as described below 

e telescope was of ‘7 in. aperture and 12 in. focus; just 
under its object glass was placed, at right angles to its axis, 

rod of wood 1 in. square and 1 meter long, cover with 
drawing paper. This rod was divided off into centimeters by 
ines 1™™ thick ; thus, the division lines were ;'; of the distance 
between two similar sides of the centimeter divisions, A thiek 
spider thread was selected which just covered a division line, 
and therefore was also, apparently, 1™™ thick. By this simple 
evice,—using one and the same side of the spider line as point 

Oo cal 
he scale was 2°285 meters distant from the arin of the mir- 

ror, and therefore a motion of 1 division of the scale ae the 
spider thread corresponded to an angular deflection of 7’ 30”, 
and as we have seen that ;, of a division can be sseedicchd 
read, it follows that we can determine a deflection of 45”. In 
this paper I will give the deflections in 
divisions of the scale, which can be con- 
verted into minutes of are by multiply- 
ing them by 

Connecting- block is the name I give to 
the block of wood, placed under the pro- 
jecting end of the magnet; it ~ four 
enna containing mercu eans 
of which we make the various Blecttioa) 
connections required in the experiments. 

2 gives a view of this block and 
shows the manner of ma the con- 
nections when the object is the measure- 
ment of relative electrical resistances. 

, A’ are 
the terminal wires ae one spiral, B; BF 
those of the other. The wires to be 
compared are at E and F. If E repre- 
sent the standard wire of a fixed length, 
then the wire F has to allow of its length 

ing altered so that its resistance may 
be made equal to thatof E. This is pa 
ranged by sliding one end of this 
through a heavy copper clamp (not owe in the Page which is 
fixed in the men ne B, while tie other end, previously 
well amalgamated, dips into eup A’. 
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The two spirals I are firmly clamped together, so that when 
slid quickly off the magnet 8, they both have the same direc- 
tion of motion. By referring to fig. 2, the directions in which 
flow the currents, thus produced, can be readily followed. 
Taking spiral A A’, the current flows down the terminal A+ 

main at that distance from the end, as the shellac prevents con- 
tact above the amalgamated portion of the wire. rmi- 
nals of the spirals and of the galvanometer coil were formed in 
the same manner. One end of the wire whose resistance was 
to be compared to the standard copper wire, was uncovered and 
well cleaned for some portion of its length, so that it could be 
drawn through the heavy copper clamp until its length equal- 
led in resistance the standard wire. e wires were then re- 
moved and their lengths accurately measured. 

3. Investigation into the actions which take place in the apparatus. 

In the general introductory description given of the method, I 
have, for simplicity of illustration, assumed that when the two 
spirals,—similar as to form, length of wire and resistance,—are 
slid off the magnet, no current would be sent through the gal- 4 
vanometer. But this cannot be, for the hinder spiral is further “a 

on the magnet than the other by ‘06 in. and therefore cuts more 
“lines of magnetic force,” and also, the two spirals traverse 
simultaneously portions of the field differing in magnetic in- 

The following experiments will exhibit the above action. I 
will call the back and front spirals respectively A ae B. 
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They were reversed on each other, clamped together and had 
their terminals dipping in A and <A’ so that the two induced 
currents would tend to traverse the galvanometer coil in oppo- 
site directions. 

e mean of three experiments shows that when the spirals 
are slid off there is a deflection of 2°43 div. in favor of spiral A. 
But, on making spiral B the back spiral, the needle moved 3-9 
div. in its favor: thus showing that spiral B offers less resistance 

inductive action. But although the current in one spiral during 
the rise to its maximum causes an induced current in the other 
spiral in the same direction as that induced in it by the magnet, 
yet, as the current decreases as quickly to 0 after it has reache 
its Maximum, it follows that a current in the opposite direction 
to that induced by the magnet in the other spiral will now 
quickly follow it, and as these currents, +, and — are equal, 
there will be no increased outside effect arising from their inter- 
action ; and many experiments showed that whether a copper 
dise was placed between the spirals or an equally thick dise of 
paper, the action at the galvanometer was the same. 

-he following experiments on this subject = ei to confirm 

the above view. The two spirals were placed on the magnet, 
but only the front one was connected with the galvanometer, 
while the terminals of the back spiral were separated so that no 

Am. Jour. Sct —SEconn Serigs, Vor. L, No. 150.—Nov., 1870. 
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current went through it when the spirals were together slid off 
the magnet. The action of one spiral alone was sufficient to 
deflect the galvanometer needle about 60°. This deflection was 
reduced to 1° 18’ by placing in its circuit a helix of 785 ft. of 
no. 18 copper wire; the mean of six experiments (the range of 
which was only ;; div.) giving 10-4 div. The ends of the 
back spiral were now so connected that an equal current flowed 
through it in a direction the reverse of the other. The mean 
of six deflections, produced by sliding together the spirals off 
the magnet, equalled 10-4 div., the same as in the previous ex- 
periment; thus showing that the mutual inductive action of the 
spirals had no effect on the intensity of the induced magneto- 
electric currents. 

It was also found that on passing the induced current from a 
spiral through another spiral on which rested a third spiral 
whose ends were connected with the galvanometer, that no de- 
flection ensued when the magneto-electric current was passed 
through the inducing spiral. 

However, the magneto-electric currents were of such low in- 
tensity that probably they were not able to produce an induced 
current in the second spiral capable of deflecting the needle, 
and that therefore the experiments here narrated are of little 
value; nevertheless, I think the reasoning given above will be 
supported by experiments made with more powerful magnets 
and with larger spirals. 

4. The degree of Precision of the method. 
‘The degree of precision of this special apparatus was deter- 

mined in the following manner. A copper wire 123 ins. long 
had opposed to it a resistance which was about equal to 120 
ins. of its length and the mean deflection of the Bc mae siverirend 
needles was carefully determined. The copper wire was now 
shortened 1 in. and the deflection again determined; this was 
repeated,—determining the amount of deflection produced after 
each shortening of 1 in.,—until 6 in. had been cut off. These 
experiments showed that a diminution or increase of resistance 
of ;1,; part in one of the wires caused a deflection of -4 div. of 
the scale, or of 3’ of arc, in the galvanometer-needles. But we 
have seen that “1 div. can be read on the scale, therefore, we 
can, with this special apparatus, detect and measure an increased 
or diminished resistance of ;4; part. But as the galvanometer 
can be removed to even twice the distance at which we read its 

within the variations observed in different samples of wires © 
the same lengths and diameters. 
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If a galvanometer formed of 6 or 8 turns of ‘1 in. wire were 
used in connection with a powerful magnetic battery and larger 
spirals of thicker wire, while the galvanometer is placed at a 
greater distance, I have no doubt that a variation of ;;'55 part 
can thus be detected and measure 

5. Examples of the determinations of electrical conductivities by 

The object of these determinations was not to furnish science 
with new and accurate data,—for that would have required a 
careful personal supervision ‘of ee operations of preparing chem- 
ically pure metals,—but it was to give examples setting forth 
the practice of the method. 

had prepared “hard-drawn” wires, of No. 18 B. W. G. 
(=-049 in. diam.), of seg ea core iron, and German silver. 
These wires were found to have the anes diameter. They were 
all covered with a double fem gato of s 

he spirals were balanced, by oe introduction of an 
increased r resistance in the back- -spiral, so that no deflection took 
place on sliding off the spirals. A length of 120 in. of the sil- 
ver wire having been placed in the circuit of one spiral, it was 
found that 127 in. of copper wire were required in the other 
circuit, in order to equal it in resistance. oe. the copper 
wire as the standard of comparison, at 100, we hav: 

127: 120 :: 100:: 94°48. 
Matthiessen (Phil. Trans., 1858, 1862) makes the ratio - sre 
conductivity of silver to copper, both hard-drawn, as 100: 
or about equality ; but in my determination the silver is 5 5. ‘de 
cent below the copper. I therefore suspected impurities in the 
silver, and an examination of the wire Eindly made by rs col- 
league, Dr. Wetherill, showed that it contained about ‘01 per 
cent of gold anda trace of iron. This accounts for the low 
number found, and affords a good illustration of Pouillet’s re- 
mark, that the purity of a metal is most readily determined by 
a measure of its electrical conductivity. The electrical test of 
parity; however, exceeds in — the chemical examination ; 

a very minute percentag causes a great increase of 
resiaianes and if we could see sure at the wires we com 
were in the same physical condition as to annealing 7 - 
ness, we could atneie d ee. this method as a means of deter- 
mining the wn metal which formed the alloy. 

Pouillet anes: (itaité de P de Physic 2 1856, vol. i, p 606) that 
silver whose conductivity is 100 when pure, is only 51 when it contains 037 of alloy, and is 47, "2 and 389 when it contains 
respectively *100, “143, and -258 of alloy. Pure gold gave 39, 
but 049 of alloy reduced its conductivity to 13; and Jenkin 
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has found that an alloy of 1 part of silver and 2 of gold pre- 
sents almost as much resistance as German silver. 

Iron.—The three following determinations were made of the 
conductivity of the best quality of iron wire relatively to the 
standard copper wire. 

1) The resistance of 240 in. of copper wire 36° y in. of i iron wire. 
2) ‘i ““c a“ 111°6 “ a be 1 

3) “ “6 “ 60 ses “ sé 8: rs ed s“ “ 

Giving for the relative conductivity of iron, 

(1) 240 : 3647 = 100: 15-29 
(2) 1116: 1616 == 100: 14-48 

67 0: 14-45 

° 1474 = Mean. 

E. Becquerel (Ann. de Ch. et Phys., IIT, xvii, 266) gives 13°6 
for the Seaacany of iron, copper being ‘100; and both wires 
hard-drawn ; while Matthiessen (Phil. Trans. 1858, 1862) deter- 
mines 16°81 as the conductivity of iron, copper being 100, and 
both hard-drawn. 

The mean of Becquerel and Matthiessen = 15-20 
My determination = 14°74 

ban = 46 
copper and iron wires in (8) were gu. of from the 

laut used in (2); but the wires used in (1) w ae a from 
parts of the coils removed from the lengths (2) an d (8). This 
accounts for the close agreement of (2) and (8) and the higher 
number obtained in (1 
My d etermination therefore appears to compare favorably 

with those made with different methods by these experimental: 
: ‘‘appears,” because although the copper was of ex- 

cellent aaliee and the iron the best procurable, yet Vey were 
not chemically examined as to their purit 

Another series of determinations was Snel by comparing 
the lengths of co oapne: and of iron wires which would equal 1p 
resistance one and the same length of German silver wire, used 
as a term of comparison. The result agreed with the above 
determinations. 

6. Ona gem ce of the method. 

mg “to the line of the a ; ane expen whose atic 

into'a coil of 8 ft. in a containing 4 turns. The termi- 
nals of this coil were connected by binding bo Re wan the 
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wires leading to the galvanometer and the coil placed in a plane 
at right angles to the line of the dipping needle. On quickly ro- _ 
tating the coil through 180° the needles were deflected 25°, an 
by making the rotations correspond in direction and time with 
the oscillations of the needle, I found that six rotations brought 
the deflection to over 45°. Faraday (Exp. Res. 202-213 and 
3145 et seg.) has shown that the intensities of the magneto-elec- 
tric currents induced in wires of different metals are as their 
electrical conductivities, therefore a coil of iron wire similar in 
all respects to the above copper coil will give a deflection of 
about 4° for the first rotation; but by increasing the number of 
turns of the coil to 10 or more and by using a galvanometer 
with a shorter and thicker wire coil, the angle of deflection can 
no doubt be doubled. 

mens of wire to be compared. The coils are placed on each 

180°; but if the wire of one coil offers a greater or less resist: 
ance than that of the other the needle will be deflected. By 

the time of its oscillation, and by reversing the motion of rota 
tion of the coils so as to correspond to the swing of the needle ; 
thus after several reversals a motion is given to the needle 

doubt whether this method will be pean’ adopted ; but after 
the conception of the idea it appeared worth investigating; this 
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I have done, and have thus developed at least any value it may 
ess. It certainly presented an interesting problem and the 

pleasure afforded in its solution has repaid me for the consid- 
erable labor which it required. 

S. Bethlehem, Pa., July 15, 1870. 

ArT. XXX.—On the supposed absence of the Northern Drift from 
the Pacific Slope of the Rocky Mountains; by Dr. ROBERT 
Browy, M.A., F.R.G.S., etc., Edinburgh, Scotland. 

In so 
Academy 
in their ‘ Proceedings’ for that year (vol. li, pp. 271, 272), Pro- 

always to be accumulated at the base of the mountains. Fur- 

remarks that “it would appear that no evidences of a North- 
ee RS ON yl eee ee Pe te te ae 

: 
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. H. Dall, the gentleman referred to in the foregoing extract, 
(and well known to the readers of this Journal as one of the 

from what he had seen of the west coast, th et unproved, 
was that the glacier-field never extended in these regions to the 
westward of the Rocky Mountains, though single glaciers have 
existed and still exist between spurs of the mountains which 
approach the coast. No boulders, according to Mr. Dall, such as 
are common in New England, no scratches or other marks of 
ice action had been observed by any of his party, though care- 
fully looked for. 

marks which follow, and I do so with extreme diffidence, know- 
ing well from old experience the care and caution with which 
Prof. Whitney has proceeded in his remarkable geological sur- 
vey of California, as well as in his earlier work on the shores of 
Lake Superior. For this reason I will speak only of what I 
know from personal knowledge of the districts visited by myself, 
calling in, however, the observations of others as corroboration 
of my statements. 

As far as Alaska and California, and even Oregon and 
Washington Territory, are concerned, I must leave the ques- 
tion of glacial remains within their boundaries, to observers 

other portions of the Pacific coast will hold equally goo negeee ee g 

whole of Vancouver Island I am very intimately a uainted— 
perhaps more intimately than any other single in vidual— 

and can speak positively regarding the marked presence of 
true Northern Drift there, so that with every respect to the 
opinion of so distinguished a geologist as Prof. Whitney, I am 
compelled to dissent from his theory regarding the entire ab- 
sence of glacial remains proper, from the Pacific slope of the 
Rocky Mountains. 
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Between 1863 and 1866—nearly four years—I traveled on 
foot and in canoes, through the forests, over the mountains, on 
the rivers, the lakes and the prairies of the whole of the region 
indicated, as Commander and Government Agent of the First 
Vancouver Exploring Expedition, and as Botanist of the Brit- 
ish Columbia Expedition. Again I have three times visited 
the Arctic Regions, passing a whole summer in Greenland, 

mission, made many observations on this subject; and subse- 
_ quently, in 1862, ina Prize Essay on Vancouver Island, its resour- 

ces and capabilities as a Colony (Victoria, 1862), Dr. Charles 
Forbes, R.N., published similar facts, which my own researches 
have only tended to confirm and enlarge, over a greater area. 
Dr. Forbes showed, what is familiar to every one visiting that 
section, that in the whole southern portion of the Island, though 
from the open prairie-like character of some portions of the 
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to eighteen inches wide. The ice action is also well shown in 
the sharp peaks of the erupted, intruded rocks, having been 
broken off and the surface smoothed and polished, as well as 
grooved and furrowed, by the ice action on a sinking land, giv- 
ing to the numerous promontories and outlying islands which 
here stud the coast, the appearance of roundel bosses’ between 
which the soil is found to be composed of sedimentary alluvial 
deposits, containing the debris of tertiary and recent shelly 
beaches, which have, after a period of depression, been again 
elevated to form dry land, and to give the present aspect to the 
physical geography of Vancouver Island. 

The whole surface of the country is strewn with erratic boul- 
ders. Great masses of 60 to 100 tons in weight,—chiefly of 
various igneous and crystalline, as well as sedimentary rocks, 
sufficiently hard to bear transportation,—are found scattered 
everywhere over the island from north to south, and through 
the region lying on the western slope of the Cascade Moun- 
tains. Some of these syenitic or granitic boulders are of a fine 
grain and accordingly some of the chief buildings in Victoria 
are built from them. Iam not aware that any rock ofa simi- 
lar description is found in situ anywhere in Vancouver Island; 
1t appears to have drifted in icebergs from the north. Iam 
cordially of opinion with Dr. Forbes, that though the last up- 
heaval of the land, which might have taken place at a geologi- 
cally recent period, failed to connect Vancouver Island with 
the mainland of North America; it was at all events sufficient 
to effect to a great extent, the junction of numerous insular 
ridges, and thus to form a connected whole of what ‘was, and 
might have continued to be, only an archipelago of scattered 
islets. The upheaving force elevated and connected these and 
brought to the surface, the great clay, gravel and sand deposits 
of the northern Drift which had swept over, and been deposited 
on, the submerged land. These sands, gravels and clays, were 
now to form the soil of land, prepared for the habitation of man. 
These constituents of the drift remain, in many parts, eed 

Vancouver Island. Bauermann has described it as seen near 
Victoria, and I am to be able to vouch for the correctness 
of his description: it is extensively developed not only there 
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pe on the opposite coasts of Washington Territory and British 
Columbia. In the neighborhood of Esquimault and Victoria, 
the rocks are deeply scored and grooved along the shore, and 
large boulders are scattered irregularly over the surface of the 
country, as already described. The other rocks observed as 
erratics were black cherty conglomerate, similar to that under- 

efined apy a hornblende rock and largely crystalline 
greenstone, hea y and in small masses vesicular obsidian 
and pitchsto 

e f ne wing section is given to show the general character 
* = drift, at Esquimault Harbor. 

sandy and _— ground with broken shells 2 to 6 feet 
Yellowish sandy cla; inte with casts of shells (Cardium and Mya) and a few 

es and boulders --._-- 6 tos ‘ 
Gravel of: sceatohed pebbles resting on rock i eos 

The rocks are grooved and scratched at the junction ; the di- 
rection of the glacial markings is between N.-S. and N.N.W- 
8. In a well sinking at Esquimault Bar Sn (for the 

boundary i aan pg. the lower gravel was reached at 42 feet, 
after going through a sandy blue clay without shells or boul- 
ers. The section in n the cliff between Albert Head and Esqui- 

mault is as follows: 
Blue drift clay with boulders ; junction with rock not seen, _----- 16 feet 

e sand and gravel, poring upward a“ te ae quartzose gravel, 100-120 “ 
— Quart. Journ. of Lond. Geol. Soc., 1860, 

e prairies of that region, standing on the stoneless grass 
plains in marked contrast to fe surroundings. These boul- 

a . BPMs tll r, Bauermann says, but if he refers to the Northern coal fiel'is 
island, then there can be but little pad code + these beds are as I have given 

isa here and elsewhere, of secondary age. 
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ders and erratic blocks* have even attracted the notice of the In- 

which they live. One huge angular block, on the Snoqualami 
Prairie, has a tradition attached to it, to the effect that at one 
time it was suspended from the sky but was cast adrift to eart 
on account of the wrath of the Supreme Being, being roused at 
_ licentiousness of a minor god and his myrmidons who for the 
ime being were disporting themselves on it! Not far from the 
or a of the Peninsula of Saanich off the coast of Vancouver's 
Island, there are several large boulders—{apparently rounded by 
the waves and not by ice action?) which aboriginal tradition 
assert to have been some old witches turned into stone. My 
canoe-men in passing them used not unfrequently to stop there, 
and throw water on them, shouting: “Give us a wind, you old 
jade!” and as ‘occasionally an afternoon breeze does not spring 
up in that region after the midday summer calms, the supersti- 
tion obtained with them a semblance of belief, and so got hande 
on to posterity clothed in all the hoary sanctity of antiquity. 

roovings and other unequivocal marks of general ice action 
are not wanting in Washington os either. Hven with 
the superficial glance we were enabled to give the subject in 

ed journeys over that region, for other purposes, we obsery- 
ed not a few of such deep unmistakable i¢e planings. And in 
a note pare recently from my friend and former traveling 
companion, Mr. Edmund T. Coleman, (well known as the author 
of the felis “Scenes from the Snow Fields of Mont Blanc,” and 
who may therefore be supposed to know ice markings) he states, 
though with no view to combating the theory in hand, which 
indeed .he knew ee about si 

Indeed in crossing the “ ~ ” at the entrance of Skidegate 

*By “boulders” I mean to de unded worn blocks of stone =— 

of 
or bergs) without having been age ms erosion. The necessity of the abso is 

first is local 
fice 

_ + Thave deseribed t ir geograph y in the Proceedings of the Royal Geograph- 
ical Society of fore for 1869. Some remarks on their geology will likewise be 
found in the same place. 
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Sound, we had a dangerous reminder of the fact, having lost 
the keel of our schooner, on one of the great boulders which 

equally dangerous on that account. Here they present them- 
selves disagreeably to the seaman’ 
less visible on account of the dense vegetation concealing them, 
yet to one accustomed to search for such things, traveled blocks 
and ice groovings are sufficiently abundant. Boulder clay is 
also not wanting to complete the tale of the glacial period in 
Northwest America. 

All throughout this paper I have sedulously avoided touch- 
ing upon the modern local glaciers which are found scattered 
all throughout the northern portion of the Cascade and Coast 
Ranges of Mountains, in some places (as in some of the north- 
ern inlets on the coast of British Columbia) approaching to 
within a short distance of the sea; and in the southern part of 
the latter range they are found in most of the high mountains, 
such as Mt. Baker, Diamond Peak, etc. In another place, “On 
the formation of Fjords, etc.”* I have shown that in all likelihood 
these British Columbian inlets were at one time the site of gla- 
ciers, and though the marks of local glaciers are evident here and 
there where none are now found, yet the appearances described 
are due to a totally different set of causes from these, or any now 
in existence on the American continent, unless indeed Green- 
land be included under that geographical division. These local 
glaciers in the limits assigned to a paper of this nature do not 
therefore require to be further ‘naked upon. 
Am I therefore in error, when I think that the case I have 

submitted, makes good the thesis with which I commenced 
these remarks, viz:—that whatever may be said of California 
and Alaska (and Messrs. Whitney and Dall are quite capable 
of holding their own in reference to their assertions about these 

no mean eminence, an t 
less capable to build thereon theories, where no theories ought 

4 Gladstone Terrace, Hope Park, Edinburgh, June 23d, 1870. 

* Journal of the Royal Geographical Society, vol xxxix. 
+ Foster in “ Mississippi Valley,” p. 338, and A. Geikie in “ Nature,” vol. i, p. 436. 
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Art. XXXI.—Extracts from the Address of GEORGE BENTHAM, 
Esq., President of the Linnean Society, on the 20th of May, 
1870. 

Ir had been my intention on the present occasion to carry on 
the sketches of the general progress of biological science which 
I had attempted in 1862, 1864, 1866, and 1868; but - hei 
from various causes, been unable to devote so mu coke 
usual to the preparation of my Address, and feel obliged to 
confine myself to a few points connected with subjects of spe- 
or interest to myself, which, hr the last two or three years, 

ve made considerable advance 
“The most striking are, Without doubt, the results obtained 
om the recent explorations of the deep- sea faunas, and from 

the investigation of the tertiary deposits of the arctic regions, 
which, although affecting two very different branches of natu- 
ral science, I here couple together, as tending, both of them, to 
elucidate im a remarkable degree one of the most important 
among the disputed questions in biological history, the contin- 
uity of life through successive geological periods. 
‘An excellent general sketch of the first discovery and pro- 

gressive investigation of animal life at the bottom of the sea at 
great depths, up to the close of the season of 1868, is given oy 

Dr. Carpenter in the Proceedings of the Royal Socie , vo 
xvi, No. 107, for Dec. 17, 1868. The results of the still more 
im mportant expedition of the past year have as yet been only 
generally stated by Mr. Gwyn Jetfreys, in the numbers of ‘ Na- 
ture’ for Dec. 2 and 9, 1869, and by Dr. Carpenter, in a lecture 
to the Royal Institution, published in the numbers of ‘Scien- 
tific Opinion’ for March 28 and 80 and April 6 and 18 of the 
present year; and further details, as to the Madreporaria, are 
given by Mr. Duncan in the Proceedings of the Royal Society, 
vol. xvii, No. 118, for March 24 of the present year; bee 
in North America, the chief conclusions to be drawn from thes 
researches into the deep-sea fauna are clearly and concisely eaves 
merated By oe Ver in the grein Journal of Science for 
January last; and some of the more detailed reports of the 
American ‘explo a By Louis ac’ inTebandiet Agassiz and © 
others, have been published in ‘Be Bulletin of the Museum of 
Comparative —— at Harvard College, Nos. 6, 7, and 9 to 
18. For the owledge of the data farnished by t the rtiary 
deposits of oe as atte regions we are indebted almost eek 
re ~ acute “Sp ight . neat oe sa 

, in his ‘ Flora 4009 n the fossil 
pen collected i _W Wh; r in Nort Gresilend, pub- 

hed in the last part of Phe mer i No hical Transactions for 
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1869, and in the as yet only short general sketch of the results of 
the Swedish Spitzbergen Expeditions, contained in the Gene- 
vese ‘Bibliothéque Universelle, Archives Scientifiques, for 
Dec. 1869. 

It would be useless for me here to retrace, after Dr. Carpen- 

depth, and as to the actual temperature of the deep seas, or to 
enter into any details of the enormous additions thus made to 
our knowledge of the diversities of organic life; and it would 
be still further from my province to consider the geological 
conclusions to be drawn from them. My object is more espe- 
cially to point out how these respective dips into the early his- 

of marine animals and of terrestrial forests have afforded 
the strongest evidence we have yet obtained, that apparently 
unlimited permanency and total change can go on side by side, 
without or for the latter any general catastrophe that 
should preclude the former. 

There was a time, as we learn, when our chalk-cliffs, now 
high and dry, were being formed at the bottom of the sea by 
the gradual growth and decay of Globigerine and the animals 
that fed on them—amongst others, for instance, Rhizocrinus 
and Terebratulina caput-serpentis; and when, at a later period, 
the upheaval of the ground into an element where these animals 
could no longer live arrested their progress in that direction, 
they had already spread over an area sufficiently extensive for 
some part of their race to maintain itself undisturbed ; and so, 
on from that time to the present day, by gradual dispersion or 
migration, in one direction or another, the same Rhzzocrinus 
and Terebratulina have always been in possession of some genial 
locality, where they have continued from generation to genera- 
tion, and still continue, with Globigerine and other animals, 
forming chalk at the bottom of the sea, unchanged in structura 
character, and rigidly conservative in habits and mode of life 
meng the vast geological period they have witne 

ral refrigeration, the Taxodium already occupied an area exten- 
sive enough to include some districts in which it could still live 
and propagate; and whatever vicissitudes it may have met 
with in some parts, or even in the whole, of its original 
. area, 

it has, by grad migration, always found some 

. a 7 

me 
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both cases, the permanent animals of the deep-sea bottom and 
the permanent trees of the terrestrial forests have witnessed a 

type and species through ages, whilst their surroundings were 
changed over and over again) does not indicate that there have 

races in the same a and under the same physical conditions, 
according to their constitutional idiosyneracies, and also that 
one and the same race may be permanent or more or less chang- 
Ing, according to local, climatological, or other physical condi- 
tions in which it may be placed, we have removed one of the 
great obstacles to the investigation of the history of races, the 
apparent want of uniformity in the laws which regulate the 
‘Succession of forms. We may not only trace, with more confi- 
dence, such modifications of race through successive geological 
periods as Prof. Huxley has recently exhibited to us in respect 
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of the Horse, but we can understand more readily the aneonaie 
identity of certain species of plants inhabiting widely diss 

States and Japan respetvely —an argument which has 
appeared to me to have considerable weight—was this :—if dis- 
severance and subsequent isolation result necessarily in a grad- 
ual modification by natural “np how is it that when all 
are subjected to the same influences, the descendants of some 
races have become st generically distinct in the two regions, 
whilst others are univ sjeowdi acknowledged as congeners, but 
specifically distinct, he other : ae are only slight varieties 

ave remained a Sey epee To this we can now 

flora and fauna of a country to a distant region, or, what comes 
to the same thing, change the external conditions of that flora 
and fauna, as to climate, physical influences, natural enemies, 
or other causes. of destruction, means of protec ction, &e., W 

we sae several generations, but with decreasing vigor, 
n_ the course % years or ages, eretialy * die out, to be re re- 

generations and a an IS oe species may be 
formed. And some few races might find themselves quite as 
hap 0 vigorous under their new circumstances as — 

om upon these meen by the _— investigations and by 
the numerous observations called forth b a development of 
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we may take, for instance, those races which are regarded by 

ides, &e. 
We shall find in each some one form, which we call typical, 
generally prevalent over the greater part of the area of the race, 
whilst others, more or less aberrant, are more or less restricted 

varieties and subspecies are being formed, but have not yet 
obtained sufficient advantages to prevent their being kept in 
check by their intercommunication (and, probably, cross-breed- 
ing) with their more robust type. The British Batologist or 
Rhodologist transported to the south of France or to Hungary 
will still find one, or perhaps two or three forms of Bramble 
and Dog-rose with which he is familiar; but if he wishes to 
discriminate the thirty or forty varieties or subspecies upon 
which he had spent so much labor and acuteness at home, he 
must recommence with a series of forms and combinations of 

e 

medium of that one which is still common to both. When 
that shall have expired, the distinct species may be considered 
established. A still further advance in specific change is exem- 
Am. Jour. Sci.—Szconp Serres, Vor. L, No 150.—Nov., 1870. 

21 
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plified in Cassia itself, in which I have shown that no less than 
eight or nine different: modifications of type, sectional and sub- 
sectional, are common to South America, tropical Africa, and 
Australia, but without an _ panel or, at least, subspecific iden- 
my, except perhaps in a few cases where a more modern inter- 

ale rous and reducible to definite oups—large anil 
small well-marked genera in both countries, and yet not a sin- 
gle genus common to the two; not only the species, but the 
genera themselves have become geographical. As in the case 
of the varieties of Pelargonium and Nicotiana, so in that of the 
species of Cassia and of the genera of Proteacese, it is not to be 

ently combined, the changes in the organs are differently corre- 
lated. In Asiatico-African Chamecriste a tenden ney to a par- 
ticular change in the venation of the leaflet is accompanied by 
a certain change in the petiolar gland; in America the same 
change in the gland is correlated with a different alteration in 
the venation. In Australian Protéacex the glands of the torus 
are constantly deficient with a certain inflorescence (cones with 
imbricate scales) which is always accompanied by them in Africa. 

In selecting the above instance for illustration of what we 
may, without much strain upon the imagination, suppose to be 

. — | characters i in ‘different directions in the iifferent 

with regard to the succession of races which have undergone 
successive geological | 

we have not in plants, as far oi am aware, any such cases” of 
“true r types or forms which are intermediate between — 
others because they stand in a direct genetic relation to them, 
: os the Ho appears to have made out in favor of = ‘a 

ee OS ae ee ae eS Cee 

| 
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n. Mr. Carruthers 
Magazine, April and July 1869, and Journal of the Geological 
Society, August, 1869) adduced satisfactory evidence of the 
close affinity of Sigillaria and the allied genera of the coal- 
ni with the living Lycopodiaceex, formerly suggested by 
r. Hooker; but, as he informs me, no connecting links, no 

specimens, indeed, of the whole Order, have as yet been found 
m any of the intermediate cretaceous or tertiary deposits. 
Among the latter, the presence of numerous vegetable types, 
to which we may plausibly refer as to the ancestors of living 
races, is established upon unimpeachable data; but I have been 
unable to find that a single case of authentic pedigree, as suc- 
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established on the authority of detached leaves or fragments of 
leaves alone. 

known leaf, presume to determine, not only its natural order 
and Hee ‘but its precise characters as an unpublished species? 
It is true that monographists have sometimes published new 
— founded on specimens without flower or fruit, — 

m collateral circumstances of habitat, collector's notes, ne- 

ral resemblance, &c., they had good reason to believe really qe 
longed to the genus ‘they were occupied with; but then they 
had the advantage of ascertaining the general facies derived 
from insertion, relative position, presence or absence of stipular 
appendages, &e., besides the data supplied by the branch itself. 
And with all these aids, even the elder De Pandaile, than whom 
no botanist was more sagacious in judging of a genus from 
general — proved to have been in several instances far 

in the genus, and even Order, to which he had attributed 
species described from leaf-specimens only. rarest” 

in th a Seameee idea of the aspect of vegetation, and thus 
give some clue to certain physical conditions of the country; 
but they alone can afford no indication of genetic affinity, or 

consequently of origin or successive geographical distribution. 
Lesquereux, in speaking of Cretaceous ne or rather 

forms of leaves,” beatae es, in a note to r on Fossil 
Plants from Nebraska (this Journal, cc os i 1868, p 
103), that “it is well aie that when the w oe 

eaves or mere fragments of leaves. . But as poloonisiee 
have to recognize these forms described and figured, to com 

them and use them for reference, it is necessary to affix to 
specific names, and therefore to consider them as species.” 

But the investigators of the tertiary floras of Central and South- 
ern Europe have acquired the habit, not only of neglecting this 
distinction and naming and trea treating these forms of leaves as 
species equivalent to those established on living plants, but of 
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proving, by numerous specimens of leaves, fruits, and even 
flowers, some of them still 2 to the branches, which I 
— myself the Hi pein of inspecting last summer under the 
riendly guidance of the distihontahed Professor Smet This 

this There are in the tertiary deposits in Europe, and espe- 
cially in the earlier ones, a number of sta that look like those 
of P oe ~~“ are a distinguished feature in Austra vegeta 

on. 
This conviction, that Proteacez belonging to ——— gen- 

era were numerous in Europe in Eocene times, is im re- 
garded by paleontologists as one of the best- retired of their 

They enumerate nearly one hundred tertiary species, and 
most of them with such absolute ———- me it would seem 

disbolice in Bue Protendens, A" then examining 
into the pt of their existence. : 

From the above Soot hae tions, I — resist the opinion 
that all presumptive evidence is against European Proteacew, 
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and that all direct evidence adduced in their favor has broken 
down upon cross-examination. And however much _ these 
Eocene leaves may assume a general character, which may be 

gists seem to suppose. ‘‘ Every vegetable species,” as well ob- 

totally annihilated and forever concealed from us. The fact 
that Pinus Alves existed in Spitsbergen in Miocene times, and that 
no trace of it has been found in the abundant Tertiary remains 
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of Central Europe is very instructive. It might show that that 
tree was of more recent introduction into the latter than the 
former country ; but it cannot prove that it was not still earlier 
in some other region, whence it may have spread_successively 
into both territories, still less that its course of dissemination 
was directly from Spitsbergen over Northern and Central Eu- 
rope. Moreover the determination of Pinus Abies is not so 
oy neing as that of the Zaxodiwm, resting as it does, if I cor- 
ectly understand Prof. Heer’s expression, on detac hed seeds 
iat leaves, with a few scales of one cone, and may require 
further confirmation 

In the above observations it is very far from my wish to de- 
tract from the great value of Professor Heer’s researches.  In- 
terested as I have been in the investigation of the history of 

only as a justification of the hope that they may in some meas- 
ure — sh proved facts from vague guesses, in order that 

may know how far yolianee 3 = to be placed | on their con- 
clusions. 

ArT. XXXIL—Account of the fall of a Meteorie Stone in ‘Stewart 
County, Georgia ; by Professor JosePpH E. WILLET. 

In October, 1869, I learned that a metoric explosionh ad 
oceurred in Stewart count , Georgia. I immediately requested 
Hon. John T. Clarke, a in ae of the county adjoining Stewart, 
to enquire whether any stone or stones had fallen, and to en- 
deavor to procure them for Mercer University. J udge Sona 

descended, generously presented it to our Museum. To Judge 
Clarke and to Mr. Latimer, I am indebted for the following 
a mage of the magtomens attending the descent of the meteorite. 
Mr. B fates f Bladen’s creek, Stewart county, has 

kindly ee the Salling particulars of the flight of the 
body Gace the air, and of the several explosions, which occurred 
nearly vertically above him. 

“The morning of the 6th October last (1869) was quite clear, 
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scarcely any cloud being visible, quite calm; about 10 A. M. 
the atmosphere grew somewhat hazy, no clouds; at about 15 

idea of the time consumed in all this demonstration ; some 
rsons say several minutes—but I think 10 or 15 seconds 

would about cover the time. 
‘As the larger body was going out of our hearing, (some 

moments after the explosions) a smaller one passed to the south- 
west, with just such a noise as is always produced by a flying 
fragment of a shell after its explosion, or of any angular body 
cast violently through the air. This piece descended to the 
earth, distinctly traced in its passage by many persons, and 

is, on an air-line, about 24 miles from a perpendicular beneath 
where the explosions occurred. This is the only one known to 
have fallen in this section. 

“The explosions, together with the rushing sound afterward, 
were heard over a region about 30 miles N.E. and 8. W. and 50 

or 60 miles N.W. and S.E. No shock was felt—at least no 

the reports. This corroborates the testimony of some of my 

; say, that immedi r the explosions 
something like a thin cloud cast its shadow over the field they 
were in.” 

Hon. John T. Clarke, of Cuthbert, Ga., who has interested 
himself in collecting the history of the meteorite, and through 
= influence it has come into the possession of Mercer 

niversity, writes me the following particulars of its fall. 



| 
: 

| | 
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“Tt fell about 114 a. M. on the 6th of October last, (1869), 
in Stewart county, Ga., on the premises of Elbridge Barlow, Esq., 
about 12 miles south of west from Lumpkin. Capt. Barlow 
picked it up a few moments after it fell. His account of it is 
this. While standing in the open yard, the sky being bright 
and clear, he heard first a succession of about three explosions, 
resembling sudden bursts of thunder, or discharges of artillery, 
followed by a deep roaring for several seconds, and then by a 
rushing or whizzing sound of something rushing with great speed 
through the air near by. The sound ceased suddenly. The 
noise, from first to last, was some half a minute. Two negroes 

very much like a lump of iron ore. It is an irregular, seven- 
sided figure, its longest side being about 22 inches long. If put 
into a spherical form, it would make a ball about 1 inches in 



833 J. EB. Wiilet on the Georgia Meteorie Stone. 

diameter. So far as I have been able to ascertain, no other 
parts have been found. 

“The noise attending this phenomenon is variously described 
by different persons, and from different places. T'wo intelligent 
ladies residing four miles south of Lumpkin, nearly east of where 
the stone fell, and about ten or twelve miles off, describe it thus. 
While sitting in the house they heard, as it were, the sound of 
a great fire suddenly bursting forth from some confinement into 
the open air. They rushed out of doors, and heard the roar- 
ing sound continue for several seconds. They located the source 
of the noise in the direction of Barlow’s. 

“Tn Cuthbert, about 18 miles from Barlow’s, nearly south- 
east, a gentleman, engaged in a workshop, heard a lumbering 
noise, which he took to be several heavy pieces of machinery 
in an adjoining room, falling down one after another. On going 
in, he found no one, and that he had mistaken the cause of the 
noise. Many persons here heard sounds like repeated thunder 
followed by roaring. Some say that they first heard several 

pid, cracking explosions, like that of volleys of small arms, 
followed immediately by the louder burst of artillery. Most 
persons here thought the noise came from the southeast, passed 
over the place in a northwesterly direction, and died away im 
the distant northwest. 

“The foregoing statements have been selected from many in 
circulation, showing how differently the senses were affected at 
different points. The facts are purposely presented in their 
nakedness. If you can find them available in aid of a scientific 
investigation of the origin of this phenomenon, I shall have 
accomplished more than I expect.” 

The above accounts agree as to the main facts. They were 
furnished by Mr. Latimer and Judge Clarke, without being 
ig by them. It is possible that a comparison of notes 
by them might have thrown some light on the point of greatest 
discrepancy, viz: the direction of flight. It is probable that 
the meteorite came from some point in the north quarter; the 
statement of Mr. Latimer over whom it exploded, and that 
of Mr. Barlow as to the direction in which the earth was pene- 
trated, concur in this regard. Persons in Cuthbert, who repre- 
sent it as coming from the south, may have been misled by an 
echo, mistaking this for the original sound. 

. J. Lawrence Smith, who is giving special attention to 
the subject of meteorites, has requested the privilege of anal- 
yzing the stone above described. 

Mercer University, Penfield, Georgia. 

OE ns ey ee dg SECRET 
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Art. XXXJII.—Description and Analysis of a Meteoric Stone 
that fell in Stewart county, Ga. (Stewart county Meteorite), on 
the 6th of October, 1869; by J. LAWRENCE SMITH. 

seen to strike the ground, and from him received an account 
of the phenomena observed at the time by Messrs. Latimer, 
Clarke and others. [See preceding Article. | 

he stone, as it reached me, was nearly intact, and weighed 
12¢ ounces; it must originally have weighed 124 ounces. It 
is of an irregular conical shape, having a flattened base, and is 
covered with a dull heavy black coating. The specific gravity 
is 3-65. The fractured surface has a grayish aspect, and when 
examined closely, especially by the aid of a glass, exhibits 
numerous greenish globules with a whitish granular material 
between ; through the mass are dark particles consisting princi- 
pally of nickeliferous iron, with some pyrites, and a few specks 
of chrome iron. The nodules are sometimes three or more 
millimeters in diameter, and of an obscure fibrous crystalline 
structure, the crystals radiating usually from one side of the 
nodule; they have a dirty bottle-green color, a greasy aspect 
when broken, and are more or less opake. 

Some of these little nodules were separated in a tolerable 
state of purity, amounting to 121 milligrams; on analysis they 
afforded : 

Oxygen. Ratio. 

REG ee kk > 48°62 25°90 t 2 
Tn ae ee 8°05 3°79 
Protoxyd of iron ...11:21 2°51 t 1 

SENOGU oi... scutes 30°18 11°80 

98°06 

teorites. 
Nicheliferous iron constitutes about 7 per cent of the mass, 
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and a ey separated in as pure a state as possible, afforded 
on analys 

WO Sos oF hs wee Rh MOO a ie ee aes Oe 86°92 

GREE hee ore eS er on eee Sees 6 12°01 

CEs Se ee ee ere ret aa 

99°68 

These are the abt sere after allowing iron for a small amount 
of sulphur, present in a minute quantity in the nickeliferous 
iron, which could not be separated mechanically. 
test for — or phosphorus; the quantity of iron separated 
om the stone did not warrant my m aking special analyses for 

substances, a quantity of which present could only be exceed- 
ingly minute. 

The stony matter freed from the iron was treated with nitro- — 
muriatie acid and water, and heated for some time over a water 

bath, renewing the water and acid once or twice; the solution 
was fi tered, and the residue washed; the residue was then 

to gies over a water bath, es gently over the lamp, 
and treated with water and a little hydrochloric acid, thrown 
on a filter, the silica collected and estimated; the last filtrate 
was treated with a solution of hydrochlorate of baryta to 
ascertain the quantity of sulphuric acid present, (due to the 
pyrites in the original mass) ; it was found to indicate 6-10 per 
cent of magnetic iron pyrites. e solution freed from the 
excess of baryta was now analyzed in the ordinary way. 

The insoluble Ngee: os the meteorite was fused with car- 
bonate of soda and a small fragment of caustic potash, and its 
gee sacra 

rate portion of the stony part of the meteorite was 
exainined as alkalies. 
Th us ry 608 referred to above gave—omitting the 

siclealitersan iron 

The part silebie pe gem eee y ne ae 58°05 
lolle 2 6 Be a ie ek 41°95 

Soluble part. Insoluble part. 

pose ee ee ieee gs 56°03 
Cece ae eee kee hee e > OS 5°89 

Protoxya Of PON oe ces oes BORG 15°21 
Veto Gade eee wee eet 41°06 21°00 

TA oe CS ee Va 0710 
Soda, with a little K and Li... -... 2°97 

100°83 101°20 

| 

— 

PMN Fh Cae Ee Ca NY Te ORE ER DE ee 



J. L. Smith on flame heat in the Chemical Laboratory. 341 

The soluble part consists principally of olivine. The insol- 
uble is doubtless the bronzite already refer to, with a little 
albite or oligoclase. 

Chrome tron was detected by fusing some of the stony part 
of the meteorite with carbonate of soda and a little niter, and 
separating in the usual way. The quantity was quite minute. 

e composition of the stone as made out would be 

Dickéltiereis WOM. .s. ss 6s. se ase eee 7°00 
Mapnetie pyrite’: iscr. oe a. Ses 6°10 
Bronzite, or hornblende 72 6. os 8 
Olives 1) SEO RS WAAL : 
Albite, or oligothate 1000s 68 i vies BS, + 86 e 
Chrothe trots: 3st tags om Be cas Bo J 

100°00 

Art. XXXIV.—Some practical remarks on the use of Flame Heat 
in the Chemical Laboratory, especially that from burning gas 
without the aid of a blast; by J. Lawrence Situ, Louis- 
ville, Ky. 

THERE is probably no more important era in the operations 
of the chemical laboratory than that of the introduction of the 
mp as a source of heat for a large number of chemical opera- 

tions, and that without the aid of a blast. Berzelius was doubt- 
less the first to accomplish much in this direction, which he did 
by the agency of the lamp that so.commonly bears his name, 
and whi which, more or less modified, is still in use where the ordi- 
nary illuminating gas is not to be had. 

_ Although illuminating gas has been in use for about seventy 
sna it is only within a comparatively recent date that it has 
een pressed into service, and used as a heating agent in the 

rato 

y adopted. 
We must date the successful introduction of gas for eee 

purposes to the use of a mixture of gas and air ar hts. 

wire gauze and ignited above the gauze, giving a flame withou 
light and with ‘ek heat; the canon of this method is 
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claimed by several, and doubtless was wecrpoe'rs by different 
individuals at about the same time, without a previous knowl- 

each other’s results ; _ method is still more or less 
sarployed for certain purpos 

The next step in this deociitn and doubtless the most impor- 
tant up to the present time, is to burn the mixture of gas an 
air without the agency of wire gauze; it was first made known 
to the public in the burner commonly called the Bunsen burn- 
er, doubtless from its being either invented or brought into ex- 
tensive practical use by the distinguished chemist of Heidel- 
berg. Its form is too well known to require more than a mere 
mention here, and it is now made of all sizes from those capa- 
ble of burning 4 cubic feet of gas and under, to those which 
can burn 15 or 20 cubic feet from a single burner, or from a 
combination of several smaller ones. To this burner, some ma- 
terial’additions have been made by different individuals. J. J. 
Griffin, (the chemical instrument dealer in London), was, I be- 
heve, the first to introduce the use of the rosette and the regis- 

its furnace arrangements, is unavoidably of a form and on a 
scale limiting its application 

he usual form of the Bunsen burner, with the rosette and 
register (when required), bids fair to hold its own against any | 
other form for general purposes, and whatever modifications 
may be made on it shoald be of such a character as not to en- 
trench on its simplicity. One or two of these modifications are 
now in daily use in my laboratory, for which there is no claim 
to any se originality, nor are they intended to supplant the 
ordinary form. 

simple an instrument as the Bunsen burner appears to be, 
its principles pees effects are well worthy of being carefully 
studie 

As the gas passes from the small orifices* in the lower part 
of the burner, and mixes with the air drawn in at the lower 
opening, and passes out at the open end of the tube, it usually 
contains not quite enough oxygen for its complete combustion, 
and requires free access of air to the outer portion of the flame 

* The outlet for gas may be in the form of crossed slits or two small holes es of 
* (1-32 Fines long; the nex Sieve small size bu uner, the length of tu tube bein, being about 1 
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to complete the combustion; yet even with this, the flame is 
ollow in its lower portion, having a cool center, its most in- 

tense heat being at about three or four inches above the end of 
the tube in the smaller Bunsen-burners, and eight or ten inches 
in the largest size. If a proper access of air is not allowed to 

cuprous chlorid. 
The best heating effects of the gas used in the ordinary round 

Bunsen burner, when employed in the heating of crucibles and 
other vessels, are not obtained; yet in the great majority of 
cases the small loss of gas is not worth considering, especially 
as to obtain better results in most cases, would only complicate 
this beautifully simple instrument. 

To get the best effects of heat, we must imitate the principle 
applied in the Argand burner, namely to flatten down the exit 
of the mixed gases. It was by following out this principle that 

r. Gore was enabled to make a burner having a number of 
radial flat orifices as repre- 1 

Sir in the figure. 
ith the flame from this 

burner introduced into a cer- 
tain form of refractory cylin- 
ers, cast iron can be melted 

in ¢ 
long. This burner and its furnace is of but limited applica- 

other purposes; such furnaces are made by Weisnig of Paris, 
and Desaga of Heidelberg. 
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The use of the flattened burner is not fully appreciated ; its 
advantages are, that there is no cold point in the flame, and the 
burner can be brought much nearer to the object to be heated, 
within 20 to 25 millimeters for the small sized burners. 
this burner as usually made, the opening is too broad, experi- 
ence having convinced me that a slit 2 millimeters across and 

2. 3. 

a burner, consuming 54 to 
cubic feet of gas per hour, I 
conduct most effectually all 
silica fusions in one hour or 
less, taking care to protect 
the crucible from the current 
of the air by a properly con- 
structed short conical chim- 
ney, which chimney can be 

; : ‘ made of soap stone, sheet 
iron, or any other convenient material. 

S was stated in the commencement of this article, it was 

more recent modifications, will be published in a very short 
e description of it, with all the minute details of 

‘ manipulation, being ready for the press. 

Ra eee nee NT a ee eT 
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‘Ant, XXXV.~<Oni the tonnection between Terrestrial Temperature 
and Solar Spots ; by CLEVELAND ABBE, Director of the Cin- 
cinnati Observatory. 

WE are indebted to Sir Wm. Herschel for the suggestion that 
probably the presence of numerous spots on the surface of the 
sun is indicative of increased chemical activity, and is accom- 
panied by increased radiation of heat. The Nh sp ae and 
theories of the past ten years however would 1 
opposite conclusion from that of Herschel. 

Immediately on the receipt of the Astronomische Nachrichten 
containing Wolf's tabular view of the relative frequency of the 
solar spots for the past three centuries, I made an extended 
comparison of the numbers therein tag with such meteoro- 
logical tables as were then accessible to me. After much labor 
I was forced to conclude that the variations of solar hea = so 
slight that they are masked in the local climatic peculiari 

rther reflection, however, it seemed certain rong the 
heat radiated from a dark spot t should be of low intensity, and 
would therefore be largely absorbed by the aqueous vapor of 
our own atmosphere as well as by that of the sun. I have 
therefore been lately led to make a special study of the series 
of observations made on the Hohen ser and ne Moric 

re e 
omitting the years 1793, 17 99 1811, 1812 and 1817. 
Assuming that the number of visible solar spots or groups 

are an index of the nati solar Tadation of heat, we have but 
to compare the numb g the relative spot frequency 

~ annu 
given by when The solution of the equation h=h+st aes 

accompanying ae exhibits for each year the value of 
s and ¢,,—the latter d in degrees of Reaumur. 

The arithmetical ea of the annual temperatures gives 
‘ M,=+5°'178+0° 061 

prob. error of one annual nae — “449 
The residuals are given in the column 
Ries Re: the term st we find by he method of least squares 

— (4)= +5°-450(+0°-086)—sx cdg? 00204) 
p. e. of one annual mean = +0°-430. 

© ries has not ees oe ee yet been 

Am. Jour. Sct.—Szconp Serres, Vor. L, No. 150.—Nov., 1870, 
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The residuals are given in the column 4—(4). 

Year. | s. th t;—m, ti—(t,) ty tg—Mz ta— (te) 

° 

1792, | 53 || 5:38 +0°20 +038 |147-11 +0°28 +0°43 
24 || 616 +0°98 +0°90 117 +0°94 +0°85 

95 | 161} 5-66 +0°48 +0°34 7-32 + 0°49 +0°34 
9 9 || 5:36 +018 —0-02 6:90 40°07 —0'1 
9 6 || 6-06 +0°88 +0°66 TTT 40°94 +071 

. 5-30 +012 —0°13 7-61 +0°78 53 
1800 | 10 || 6-24 +1:06 +0°87 8-68 +1°85 +165 

01 | 31 || 5:56 +038 +0°35 7-23 +0°40 +0°37 
02 | 38 || 464 —0°54 —0°51 7-50 + 0°67 +070 
03 | 50 || 484 —034 —0°22 6°56 a —01 

7 531 +013 +041 6°87 +0°04 + 0°32 
05 | 50 || 4-09 —1:09 —0°97 5°67 ae a 
06 | 30 || 624 +1-06 +103 754 +0°T1 +0°67 
o7 | 10 || 587 +0°69 +0°50 +0°61 +041 
0s 2 90 an —0°53 647 0 0-6 
09 1 || 6-09 +091 +0°65 6°80 on) —0°30 
10, | 0|| 656 +138 +111 8-20 +1°37 +109 
3 114 || 439 0-79 —0°95 6:07 _ —0-93 

14 | 20 || 434 0-84 —0°95 6-16 —0°67 —0-79 
15 | 35 |! 405 —F12 pes 4 | 615 —0°68 —0°68 
16, | 46 || 3°66 —152 —1°43 5-31 —1°52 —14 
1 5°57 +0°39 +0°39 7-30 +0°47 +0°46 
19 | 22 || 5-58 +0°40 +0°30 7-30 +047 0:27 
20 9 || 438 —0°8 ~—1-00 6-21 —0°62 — 0°83 
21 4 || 5-42 +0°24 0-00 7-07 +0°24 —0-01 . 
22 31) 637 1 +0°94 8-09 +1°26 +101 | 
23 1 || 4-82 ~6 —0°62 6°67 —16 | —043 
24 5:83 +0715 — 0-06 6°85 +002 —0°20 
25 | 17 || 5-27 +0°09 — 0°05 7-00 +017 + 0°03 
5 61 29 || 5-15 —0:03 —0-07 6°80 —0°03 —0°08 

; 40 || 5-06 —O1 —0-07 6°15 —0°6 —0°63 
3 | 52 || 6-46 +0°28 +0°42 7-04 +021 +0°35 

54 || 3-99 —119 —1:03 5-06 —177 1°62 
30 | 59 || 5-00 —018 +0-02 6°3 05 —0°3 
31 5°39 +0°21 +0°25 6°87 +0°04 +0°07 
32 | 22 || 496 —0-22 0°32 67 071 — 0°23 
33 8 || 617 —0-01 —0'23 6-07 —0°6 —0°97 
34 | 11 +0°81 +0°63 7-88 +1°05 0:86 
35 | 461) 4:69 —0°4! 0°40 6-26 57 —0-48 

cc OS 4-98 0:20 +0°30 6-51 —0°32 —018 
37 |111 4:23 0 —0°34 514 —1:09 —048 
38 | 83 || 4-20 —0°98 —0-60 5-76 —107 —0°68 
39 | 68 —0-08 +0°20 6°82 se OE +0°26 
40 | 52 || 4:38 —0-80 —0°66 5:96 SST —0°13 — 
4 5°60 +0°42 39 1:37 + 54 | +050 
42 | 201]! 5-09 —0-09 —0°20 6°80 mo —0-15 
43 9 || 524 +0°06 —0°14 6°79 — —0-25 
44 1/131] 467 —051 ~ 6°32 so GE —0°68 
45 4-87 —0'31 —0 32 6°58 me —0°26 
46 | 47 +106 +116 T8T +1 +114 

47-1991) 5-05 —013 + 676 ec + 0°28 
48 |100 || 5-62 +044 +0°96 736 + 53 +105 
49 5:27 +009 + 7-03 #20 +0°69 

1850 | 64 || 476 0-42 —O19 645 — 38 | —015 
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That the probable errors are on the whole very little dimin- 
ished, is owing to the presence of a few large discordances; on 
the other hand, the small probable error of the coefficient of s 
would indicate that it has a real existence. 

As the daily 2 P. M. observation may be supposed to show 
with special clearness the direct heating power of the sun, I 
have sought for a confirmation of the preceding results by 
applying the same formula to the annual means of the tem- 
peratures observed at this hour. 

The annual mean temperature at 2 P. M. is given for each 
year in the column & of the accompanying table. 

e arithmetical mean gives 
M,= +6°'830+0° 067 

p. e. of one annual mean =+0°-489 
The solution for the co-efficient of s gives 

*(t)= +7°-108(+0°-100)—s x 0° -V0801(+0° 00221) 
. &. of one annual mean =+0°465. 

This result therefore corroborates the former in indicating a 
decrease in the amount of heat received from the sun 
the prevalence of spots—a result clearly in harmony with the 
recent investigations into the nature of the solar photosphere. 

The reality of the existence of the above coefficient of s will 
be rendered more striking to the eye if the mean of several 
years’ observations is taken at the period of maximum and 
minimum spot frequency. : 

It would be interesting to seek in the above residuals for 
evidence of other temperature periods than that dependent on 
the eleyen year spot period. There are indeed plain indications 
of such a period of about fifty or fifty-five years duration— 
probably shea task with Wolf's fifty-six year period—but our 
series of observations is not extended enough to justify any 
exact conclusion. 

perature variations. Such an investigation I have begun and 
the indications are that positive results will be attained, and 
such as will demonstrate that the solar spots are but an imper- 
fect index to the periodi¢ changes in the solar radiation; these 
periodic changes besa apparently more intimately and directly 
. wit ides i 

peissenberg can be incorporated into the work. 
Cincinnati, July 20, 1870. 
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Art. XXXVIL—On anew method of determining the Level-error 
of the axis of a meridian instrument; by C. A. Youne, Ph. ee, 
Professor of Natural Philosophy and Astronomy in Dart 
mouth College. 

[Read at the Troy meeting of the Am. Association for the Advancement of Science ] 

THE inclination of the axis of a meridian instrument to 
horizontal plane has hitherto been measured by three different 
ae eae by the use of the spirit level; by examining with a 
collimating eye-piece the image of the wires as in nadir-point 
beeen the collimation having been gvtigarts determined 
either med reversal of the instrument or by collimators; and 
cote Py observing the transits of stars by reflection from an 
artificial horizon. 

The first of these methods is by far the most used, and with 
portable instruments is sufficiently Sonat Still it requires 
a good deal of time, and, in the case of a large instrument, of 
hard work; and if ‘there are scnetis irregularities upon the 
pivots of the instrument it is a very troublesome operation to 
ascertain and apply the necessary corrections. 

e second and third methods are still La laborious: the 
second gives the level error corresponding to but one single 
position of the telescope, i. e., with the elagons pointing down- 

is therefore liable to a constant error depending 
upon any malformation of the pivots which affects the instru- 
ment in this particular peers the third method can be used 
only when the air is perfect 

he method I have to sic a allows the determination of 
this error bee any further labor than two readings of a 
microscope, in any position of the telescope, and without that 
guosuriortitie climbing enon is involved in the use of the 
striding level or nadir observa 

The annexed diagram iltaatrntee ei arrangement of the 
apparatus, in which, however, no d is paid to the relative 
proportion of parts; the prism and mercurial age being 
eho exaggerated in size for the sake of distinctn 

The axis of the instrument is to be fitted up as a ag 

situated in 1 the other ivot, O. reading ts 
attached to the pier suit provided with an o oe 

ee OE NN ee ee 

$ 

: 
4 
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eye-piece N, by which light can be thrown upon the dot through 
the tube of the microscope. This enables us to measure the 

flection in the manner to be descri c 
Opposite O is fixed a prism shaped like that of a camera 

lucida, which by two total reflections bends the light through a 

vertical distance between the dot and its image formed by re- 
ed. 

vised as to be free from tremors as i 
recently described by J. H. Lane, of the U.S. C 

There is difficulty i ing the apparatus so that the : no difficulty in arranging the ap 
ordinary illumination of the wires at the eye-piece of the teles- 
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cope shall be effected by the light transmitted through the body 
of the microscope. So arranged, the apparatus remains in con- 
stant readiness for use, and, as before remarked, requires only 
the labor of taking two microscope readings for each determin- 
ation of level error, dae involving any disturbance of the 
setting of the instrum 

I may add in closing, ha this virtual mirror of constant incli- 
nation to the horizon may easily find other applications,—as for 
instance in determining the horizontal points of a vertical circle 
vile a the object ~ oi the instrument is not so large as to 

eldy and expensive prism. 
ee N. H. Aug. 1, 1870. 

2 A 

Arr. XXXVIL—IJnfluence of Temperature on the modulus of 
Elasticity of certain Metals; by F. Konn~rauscu, Ph.D., and 
Francis E, Loomis, Ph.D. 

[Communicated in extracts to the Academy of Sciences, Géttingen, May 7, 1870.] 

THE results obtained by Wertheim,* in his investigations re- 
specting the influence of temperature on elasticity, ae thus 
far generally served as a basis for calculation. It will e ob- 
served in comparing these data, that for certain sbokane. espe 
cially for iron, the singular phenomenon manifests itself that 
for different temperatures the variations of the modulus under- 
go achange of sign. From 0° C. to 100° the modulus increases, 
and then from 100° to 200° decreases. ‘This increase is certain- 
ly altogether contrary to what would naturally have been ex- 

ted. Such a maximum, however, is still more remarkable. 
view, sherefora, of the uncertainty of the results of investi- _ 

gations thus far made known, and the importance of an accu- 
rate knowledge of the variations of the modulus of alaaticity 
for different temperatures in many of the finer measurements, 
the ee investigations were undertaken with a view if pos- 
sible of obtaining more reliable results for some of the metals 
of greats pracece) utility. For practical purposes it would 

ce to determine the variations of elasticity within the lm- 
its of the more ontinatily occurring temperatures. This was 
partially accomplished by Kupffer, whose investigations we shall 
refer to hereafter. Nevertheless in consequence of the results 
obtained by Wertheim, it appeared of especial interest to "deter: 
mine again the variations in regard to their uniformity, as we 
as in regard to a change of sign. The observ ar were €X- 
tended therefore to high oe in general from 90° to 
20° C., and in one case very nearly to 0°. Within these limits 

* Pogg. Ann. Erg., Band 2, S. 61; Ann. de Chimie, 3me §., T. 12, p. 443. 
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the variations in the — ean be determined from the ob- 
servations with great accuracy. Since they show a remarkable 
uniformity, there can Sse no hesitation in assuming the result- 
ing empirical formula as very nearly accurate, considerably be- 
yond these limits 

It is scarcely necessary to observe that the investigations of 
Wertheim have afforded the most valuable material for a knowl- 
edge of the coefticient of elasticity. His method of observa- 
tion, however, is little adapted to afford = arene of the ques- 
tion here under consideration. For im determined the 
absolute moduli of elasticity by means of the ¢ dilatation of bars 
and wires at different temperatures. The culties besetting 
an absolute determination of the variations of baseline 
amounting in all to only about 14™™ are obvious. 
especially serious for the higher temperatures, since roi imper- 
fect heating apparatus of Wertheim could not be kept at a con- 

_ All ice difficulties disappear, however, and at the same 
e the most accurate method of observation is obtained, by 

ep loying for investigation the torsion elasticity, whose choice 
be to be recommended from the fact that torsion is so 

srenatrally employed in measurements. /If a wire is loaded with 
a weight, and set in vibration about its vertical axis, the recip- 
rocal value of the square of the time of vibration affords a di- 
rect measure for the coefficient of the torsion of the wire. 
ss pop hong of the period of vibration are among _ 

rate known in physics, the variations of e 
nity tot ‘din determined with all the rigor desirable. 

_ L. Apparatus and mode of observation.—The following dis or 
tions were ado ees for the pez be, of ae m 

natural siz 

* Ann. de Chimie, 3me §., T. ee p- 400 and 401. 
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between brass plates, of which the lower pair could be united 
to the weight by means of a upsilon rest, and the upper pair 

2. in like manner to a brass rod screwed into a 

wooden pivot. The latter was so secured ina 
solid support fixed to the wall as to be capable 
of rotation. The torsion vibrations were com- 

For the determination of the temperature, three 
th t prepared, such that the quick- 
silver reservoirs are at different distances from 
the zero point. When the graduated tubes pro- 
ject from the apparatus from the division 0°, 

the quicksilver reservoir of one of the thermometers is at a 
height corresponding to the middle of the wire and close beside 
it. The other two quicksilver reservoirs are at each end of the 
wire, and arranged symmetrically around it. The two latter 
thermometers alone are represented in the figure. The readings 
were made by means of a telescope. 
The tin cylinder was tightly inclosed on all sides with a cov- 

ering of felt of about a centimeter in thickness. It stood upon 
a support attached to the wall. The weight and mirror were 
contained in a box closed in front with a glass slide. These 

different temperatures, but a simpler method, at first only em- 
ployed to test what results oie be expected, proved better 

from the beginning to the end of a series of observations, eX- 
cepting only a slight turning of the wooden pivot, when the 
amplitude of the vibrations becomes too small. Several days 

a 
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were required for hot water to assume the temperature of the 
room, and it is not advisable to compare together observations 
made at long intervals, since the longer the interval the greater 
— becomes the danger that the conditions of the observation 
change in a manner to exercise on the period of vibration an in- 
fluence feeble indeed, yet perhaps sensible, in view of the slight 
extent of the variations under consideration. For the same rea- 
son there are objections to employing water at different tempe- 
ratures, since its renewal is scarcely possible without jarring the 
apparatus. 

2. Reduction of the observations.—In the calculation of the data 
obtained from observations made with gradually diminishing 
temperatures, certain corrections are necessary, hick render the 
reductions somewhat complicated. The manner in which the 
calculation was conducted, can be best — a means of 

the spider es oe the position of rest. These times of 
elongation are contained in the first column of Table I (See 
below). In the second column is contained the number of 
vibrations transpired between these times; in the third the 
period of vibration obtained by the division of the intervals in 

column one, by the numbers in column two. 
TABLE 1. 

‘ ee Temperature 
Times of Period of —_ ‘ 

elongation. sthenthoin. vibration. Observed. Corrections. Corrected. 

od ‘ sec. ° ° 
tei: AR Se cee eee, ee ee 
ll 1 8-60 9 20°9667 75-2 —2°95 72°25 

4 17-08 9 20°9422 71°38 —2°83 68°97 

12 38-68 24 20°9000 66-4 2°61 7 

22 43°50 29 20°8558 58°8 —2°28 56°52 

ay 24-12 25 20°8248 52°7 — 2°04 50°66 

1 44 54-73 39 20°7849 46°7 —1-78 

12 li 24°78 58 20°7352 364 —1°36 35°04 

49 9-78 92 20-7065 3i —115 30°05 

1 F 96 20°6861 27°0* 1-00 26" 
22 15°69 ara’ 24-98 

mometers, and then traced on codrdinate paper, with the tim 
of its observation as abscissa. The temperature for any nie 

ment can then be obtained from the curve, with an accuracy of 
about 0°-2 for the higher and about 0°1 for the lower bellyra tend 

The numbers in the 4th column are these mean temper- 
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atures for the several periods of vibration, i.e. they give the 
reading of the thermometers for the mean moment between the 
beginning and end elongation. When the interval of time is so 
considerable that the corresponding curve cannot be regarded as 
a straight line, the temperature t would be thus obtained some- 
what too low. To determine the true value, the arithmetical 
mean t, was taken from the temperatures which correspond to 

the beginning and end time of elongation. The correct tempe- 

rature is then 7+" Amcgh 

Correction of the readings of the thermometers.—The numbers 

tached to each Pog enacd of the wire extend so far within the 

ifference of temperature which might 

_ The above two conditions, however, must be fulfilled, or 
gi they are not fulfilled, the readings must be corrected. 

e space so completely as can be assumed of the fine wire. 
Now according to well known laws, the amount of heat lost by 

indicated by the thermometers, to be able to mdditlake the dif- 
nce, 1. e. the correction of the readings. For this determl- 

nation a very delicate thermometer was employed, whose cylin- 
drical quicksilver reservoir possessed a diameter of only some 
3™™, and contained in all less than 1% gr. of quicksilver. It 
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was assumed that this thermometer follows the gradually dimin- 
ishing temperature of the air to within a negligable = pena 
and the three thermometers were compared with it, under co 
ditions similar to those ee in the observations on clastcity 
All three thermometers were disposed at an equal height wi 
the thermometer of com eatin in the gradually emeundin 
temperature of the hollow space of the tin cylinder, and simul- 
taneous readings were made. They were also compared togeth- 
er in the ordinary manner in water of different temperatures. 
From these observations, which were conducted by Mr. Grotri- 
an, it resulted that the mean of the readings of the rah ther- 
mometers remained 2° ‘02 behind the temperature of the ther- 
mometer of comparison, when the velocity of the diminishing - 
temperature amounted to 1° in lL min. The correction of the 
readings due to the mass of quicksilver is therefore 

dt 
2°02 7, 

and that of the interior of the apparatus one part. If 1, de- 
notes the temperature of the room, the correction of the read- 
ing t is therefore —4$r(r—1,) 0,00016. 
This value cannot be far removed from the truth. It coincides 
with the difference which the determination of the boiling point 
afforded, according as the thermometers were placed in the 
steam only to the zero point of graduation, or a the boiling 
point, The uncertainty of this assumption is at all Lovet of 
small importance, since the whole correction for the highest 
tem wentiiee (90° ) amounts only to 0°°8. 

us, three —a* are to lied to the readings of 
the. duces e first, which relates to to the sey 
errors, is a function ape is temperature ; in co 
quence of the mass of the quicksilver, is a ye of "che 
pelosi of the diminution of the temperature ; the third, final- 

ne in consequence of the column of quicksilver projecting from 
€ apparatus, depends on the difference of the outer and inner 
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temperatures. Nearly the same conditions prevailed, however, 
during all the series of observations. The temperature of the 
room differed from the mean at most 5°, and consequently 

ap- 

ature, 

Tn like manner, for the calculation of the third correction in 
the formula (p. 355), it was permissible to take t,=20° as a 
mean for all the observations. 

The corrections may now be very much simplified by uniting 
all =e in tabular form, viz: for reading, 

— ee eS ew 0 

the correction is 
O°-0F 04 <0°U 11> -1°5 1° 98 aR O-B%1  -3°°8 

The interpolation for intermediate temperatures was accom- 
plished by means of a graphical representation of this table. 
In one case, however, when the apparatus was filled with water, 
and the velocity of refrigeration could be neglected, the cor- 
rections 1 and 3 were applied separately. 

Correction of the observed periods of vibration.—1. In the pres- 
ent investigations we are seeking the variations of the modulus 
of elasticity caused by a change of eee whereas we 

observe the directive force of the whole wire, which, in eee 
quence of the heating, experiences a dilatation, as well as 
change in its elasticity. ° Since this directive force of the ies 
depends on the length and section as well as on the modulus of 
elasticity, it is necessary to investigate what corrections are 
thereby necessitated. 

It is an interesting fact that no correction at all is necessary. 
The dilatation in length and breadth completely neutralize 
each other. 

If we denote by 

I the ig of the wire, 
r the 8, 
m the ik! tof the unity of le 
K the moment of inertia of the vibrating weight, 
¢ the time of vibration, 

*Tt is merely an accidental coincidence that there is no correction to be ap- 
i to the reading 0°. The mean of the zero points of the three Gusraiuactert 
happens to be perfectly Peeing 
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D the directive force of the wire, i. e. the moment of revolution 
sie s ; ‘ 180 ; which it exercises for a torsion angle of —— = 57°-296. 

é the modulus of torsion of substance cosittioattinn the wire, 

we have pt pe i mK 

Di n2K  6¢ 
and (Bone sd pe = ——- mre (1) 

where g denotes the acceleration due to gravity, and « is the 
pane ne quintuple of which (according to the theory of 
Poisson, i. e. when the ratio of the transversal contraction to 
the jongitadiaat dilatation is=4) multiplied by g gives the 
Square of the velocity of sound in the substance. 
When now in consequence of a change of temperature, the 

elasticity and dimensions of the wire vary, the time of vibra- 
tion 7 changes also. If we denote the variations of », /, hi r 
and ¢, occurring for a small change of temperature, by d 
dm, drandd t, we obtain by differentiating 0) Secs aaie 

is é - i om oat 2d 
t 

But on the canpienea oe toe wire jee haces an equal dila- 
dl_dr tation in all directions on account of the temperature [= 

Also since m denotes the mass of the unity of length, alee 
dr 

Therefore — a 2. (2) 

The modulus of torsion ¢ is therefore without correction re- 
ciprocally proportional to the square of the time of vibration. 

The definition of the modulus of elasticity assumed here 
a basis, denotes, with regard to the spare mepe the weight which 
must be suspended to a wire, whose unity of length is the same 
as the unity of its mass, to double the length. In practice it is 
customary, though frequently less wc to e peng Aime: the 
section instead of the weight of the unity o 
case, ay above expression (1) must be eltiphea farther or 
the density of the substance, and the coefficient of the ee 
dilatation 3¢ must be subtracted from formula (2), so thai 

de wes 2dt 
t os 

pee a 

* m.t=(m+dm) (i+) | 
t 

dm_ di 

eee 
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2. jk small correction is necessary when the moment of iner- 
tia of the vibrating weight changes in consequence of fluctua- 
tions in the temperature. In general it is inconsiderable in the 
same series of observations. The temperature in the box con- 
taining the vibrating weight was observed from time to time, 
and the salute of vibration corrected when changes of tempe- 
rature occu is was accomplished by multiplying’ the 
observed fo of vibration by 1—0,00003.A7, where 0,00008 
denotes the coefficient of the en! dilatation of lead, and At 
the variation of tem oe ure. 

oe 
0:000087% or <5,sa5 Of the whole time for one division of 
the scale eo. to one degree of arc). A series of observations 
on the copper wire were incidentally of a nature to afford the 
means of calculating the increase approximately. It amounted 
to 0°:000015% for one division of the scale. The times of 
vibration were reduced by means of these numbers to an infi- 
nitely small amplitude 

Although it would be of interest to examine this phenome- 
non more minutely, it hardly enters within the scope of the 
object in view in these observations. For in consequence of 
the inconsiderable amplitudes which we employed (at most i 
divisions of the scale, or some 3°) the correction in extrem 
cases amounted only to 0°005°*, and-it is almost com coplacaly 
compensated in its influence on the final result. 

Caleulation of the coefficient of temperature.—We have thus 
far obtained a series of tem temperatures with the eenyeeree 
times of vibration. From each two pairs of correspo 
values eg be readily derived the variation of the slestcity for 
1°. We express it as a function of the total cnr! at 0°. 
Ife, designates the modulus of elasticity at 0°, and «,, &,, t 
moduli corresponding to the temperatures “i a ‘the desired de- 
crease for 1° is foun fom formula (1) tob 

where ¢, and ¢, designate the times of alicia for the tempe- 
ratures t, and 7,, and their squares are inversely proportional 
to the modulus of elasticity. 



on the Elasticity of certain Metals. 359 

mean of the two temperatures at which the times of vibration 
were observed. 

TABLE 2. 

Decrease of the coefficient of elasticit: 
for 1° as func. of the coeff. of elast. at 0°. 

Calculated Temperature. " 

74° 0,00068 0,00068 +0,00000 
71 69 67 4. 2 
66 75 65 + 10 
60 56 62 _ 6 
54 50 60 - 10 
48 65 57 + 8 
42 ° 55 12 
37 53 53 + 0 
38 55 51 + 4 
28 48 49 — 1 
25 0,00052 0,00047 +0,00005 

The numbers of the second column can be regarded as the 

values of — > a for the temperature t of the first column. It 

will be observed that this mode of observation affords the de- 
crease of the modulus of elasticity for 1° with tolerable accu- 
racy, even for the times of vibration for two temperatures dif- 
fering only by a few degrees. (The greatest difference is 7°, 
the smallest 2°). This decrease for the brass wire is noticeably 
greater for the higher temperatures than for the lower. 

The numerical law of the variation is to be derived from all 
ee the observations. We seek to represent it by the formula 

ee, (l—a tbr), 
~~ It would obviously be more in accordance with the laws, of the 

1 e calculus of errors to determine the values of the coefficients ¢,, 
a and } by means of least squares from all the observed values 

of € or 5 for all temperatures. This would prove, however, 

when applied to all the series of observations, exeenve labo- 
: d her all 

variations from one day to another, probably in consequence of 
the considerable heating to which the wire 1s subjecte 
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By differentiating the above equation we obtain 

de 
oe é, os = a+ 2bt. 

The left hand expression denotes the values contained in the 
second column of Table 2. If therefore we substitute — 
values in ian above equation, the coefficients a and } can 
readily calculat 
By means of least squares there results for the brass wire 

a—90,000368 26=0,00000425 

by means of which the figures in the third column were calcu- 
. In view of the small differences of temperature the 

= cordance must be regarded as satisfactory. It appears still 
more manifest when the time of vibration itself is calculated. 
Since a and 6 are known, the most probable value of the time 
of vibration for 0° may also be rea ily determined by means of 
least squares. The calculation gives ¢, = 205696*° 

The times of vibration calculated from this value of t,, to- 
gether with the times observed, are given in the following Ta- 
b e difference between the observed and calculated 
values of the times of vibration amounts at most to +4, of a 
second, and indicates sufficiently the rupee ped of the sim- 
plified ‘method of reduction, although the regularity in the sign 
of the differences would seem to sndicate that the” rigorous 
method would afford a still greater accordance. 

TABLE 3. 

Times of vibration. 
Temperature. Observed, Calculated. Observ.—Calcul. 

76°°34 20°-9970 205-9986 —0*-0016 
72°25 20°9667 20°9680 —0°0013 
68°97 20°9422 20°9443 —0°0021 
63°79 20°9000 20°9078 —0°0078 
56°52 20°8559 20°8592 —0°0033 
50°66 20°8248 20°8218 +0°0030 
44°92 20°7849 20°7869 —0°0020 
39°74 20°7614 20-7569 +0°0045 
35°04 20°7352 20°7309 +-0°0043 
30°05 20°7065 20°7041 +0°0024 
26°00 20°6861 20°6837 +-0°0024 
24:28 20°6767 20°6751 +0°0016 

4. Temperature and modulus of elasticity of iron, copper and 

brass.—The method of observation and reduction, already de- 
ibed fo an example, was fe fk for wie of 

si i as tae 
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and brass wires are the ordinary wires of commerce wound on 
spools. 

To abbreviate the calculation, the times of vibration and the 
temperatures of each series of observations are united first in 
groups by taking the mean, and especial care was taken to 
allow about the same weight to all the several coefficients to be 
derived. The observed data corrected according to the rules 
of chapter 2, are contained in the following Table 4, in which 
the Roman characters denote nig chronological succession of 
the several series of observation 

TABLE 4. 

Tron. Brass. Copper. 

Temp. | vibration. Temp. | yipretion. Temp. | yipration. 

5 8. s S . 8. 
Tl 76:34 | 17-6154 JT; 69°01 20.9412 I; 74°06 12°4444 

56°87 17-5282 47°95 20.8067 47°96 12°3476 

28°85 20.7012 55°20 12-3696 

TI} 6°55 17-5950 40°80 12°3221 

55°75 17-5087 TI} 72°14 | 20.9105 24°04 | 12-2667 

42°42 17-4553 48°78 20.7600 

32°11 174150 TI) 62°60 12°3852 

21°91 |17°3679 | III) 70°28 | 20-8694 22°05 | 12-2465 
49°11 20°7368 

III} 78-73 17°5920 36°24 | 20-6669 | III} 77°27 12.4303 

59-72 17°5130 21°23 20°6193 66°16 | 12°3546 

20°97 17-3583 40°79 12°3028 

IV! 50°05 20°7333 23°37 12°2413 

49°57 17-4715 42°81 20°6915 

37°80 174279 34°59 =| 20°6425 

21°95 17-3627 

Vi 19°43 20°5428 

20°4737 

The following Table 5, in which the numbers are arranged 
according to the temperatures, is obtained by ee ee the 
values contained in Table 4 in the same manner as those of 

Table 2 of the example. 
The coefficients a and 6 are derived by — of least squares 

from the values contained in the third and fourth columns of 
‘Table 5, as in the example. Designating by «, ae modulus Al Pp. 
elasticity at 0°, the modulus for the temperature t is found to 

tor iron, e = &,(1 —0-0004477 — 0:000000127?) 
for copper, e = &, (1 — 0:0005202 — 0000000287?) 
for brass, =e,(1 — 0°0004287 — 07000001367?) 

The bers of ae next to the last column of Table 5 were 
calculated with these values. The probable error of each value 
of the brie of the coefficient of elasticity for 1° for a given 
temperature calculated from two groups of observations amounts 
aebondingly to + 0°000014. 
Am. Jour. Sct.—SzconD Serres, Vou. L, No. 150.—Nov., 1870. 

23 8 
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TABLE 5. 

Decrease of the coeff. 
of elastic. for an incr. 
of oe of 1° as func. 
of the Rom pte of elast. at 

Temp. | Observed. Calcul. | Observ.— Cal. 

Iron. IV| 29°-9 | 0000467) 0000454, + 0:000013 
2 482 455 Sh 32 + 27 

III} 40°3 450 457 | — 07 
43°7 416 458; — 42 

43 445 458) — 13 

66°1 459 463; — 04 

66°6 494 463| + 31 

IV 
II 
II 
I 

ItI| 66-9 459 464 

Copper.| ITI] 32-1 | 0-000566| 0-000538| + 0-000028 
Ij 32-4 528 a8i. — 10 

II 
I 

ul 
I 

Ill 
ie 

Brass. 12°2 | 0°000466) 0:000461| + 0:000005 
TT} 31:7 504 514] — 10 

I) 384 523 532) — 09 
IV| 38-7 570 533) + 37 
IIT) 42°7 514 544) — 30 
IV| 46-4 556 554) + 02 

J) 58-5 593 587) + 06 
IIT} 59°7 584 590); — 06 
II} 60°5 599 592] + 07 

If the other definition of the modulus of elasticity is em- 
ployed (as was done by Wertheim) referring to the section, and 
not, as above, to the mass of the unity of the length of the 
wire, the coeflicients of ¢ ike temperature will be slightly altered 
in accordance with the observation on page 357. If the coefti- 
cients of dilatation for 1° are assumed to be for iron =0-000012 ; 
~ copper = 0°0000175; and for brass = 0:000019, the coefii- 

ents of t become, 
for r iron 0°000483, 
for copper 0000572, 
for bra: 0°000485. 

The coefficients of roe aad terms remain sensibly un- 
changed. 

It is evident from the results of these observations that the 
mean variation of the elasticity for the three metals investigated 
ot but little from that of the temperature. For a change 
of temperature from 0° to ne the diminution is for 

Tron, ‘6 and Ae per cent, 
Copper, : : be. 
Brass, Beg ‘a - 

Oy ee 

OST en 
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where the numbers of the second column relate to the second 
definition of the modulus of elasticity. 

f the variation in elasticity is compared with the influence 
exercised by the temperature on other properties of bodies it 
will be remarked that it is much greater than the cubical dila- 
wich as well as the variations of refraction. It is of about 
the same order as the variation of the permanent ee 
caused by the temperature, as well as that of specific hea he 
increase of the galvanic resistance on the other hand is ; much 
greater 

It results further from the sign of the quadratic term that 
the variation of elasticity for all three metals is the most rapid 
in the higher temperatures. While, however, the increase for 
iron is almost imperceptible, and is ‘also v very ‘small for copper, 
it is quite considerable for brass. The decrease for 1° is for 

At 0°. At 50°. At 100°. 

Tron, 0°0447 00459: 0°0472 per cent. 
Copper, 0°0520 0°0548 0°0576 
Brass, 0°0428 0°0564 00699 =“ 

It will be observed that the differences in the variation of 
the coefficient of elasticity for the three metals investigated, 
are in the order of the height of their melting poi 

The results of these investigations show no trace at all of 
the remarkable phenomenon of a maximum, alluded to at the 
Deginning of this article, which would seem to be indicated f 

on by the investigations of Wertheim. If, therefore, different 
parse of iron do not manifest a totall different behavior, or 
if the modulus of the longitudinal elasticity does not undergo 
a very different change in consequence of temperature from 
that of the torsional elasticity, this anomaly must be accounted 
for by the imperfect method of observation employed by Wer- 
theim. This supposition is confirmed further by the observa- 
tie of Kupffer (see below), as well as by a very simple experi- 
ment, If, namely, two tuning forks are in vibration, and one 
of them is heated, the number of vibrations changes in the 
manner demanded ‘by the assumption of a decrease of elasticity 
for i greeny temperatures 

It is to be remarked here that Wertheim’s calculation of the 
— oh er by condensation during vibration, loses thus all 

ue.* 
1 lsrotion of Kup er. +—These investigations appear 
be h less known than they deserve, for they 
contiga an uch Be and sich material for practical u 
Kupifer’s Ghearbhtiie are in general on bars vibrating peed 

* Pogg. Ann., Bd. 11, S. 32. 
+ Mem. de l’Acad. de St. Petersb. 1856, 6 ser. T. vi, p. 400. 
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versally at the temperatures of about —10°, +15° and +80°. 
Unfortunately, however, very long intervals. (at least a year) 
occur between the observations, and it would seem that he did 
not race employ the same bars, so that his inv pagog a 

but a limited conclusion in regard to the 
qeemtions of elasticity as modified by temperature. Finally, the 
dilatation caused by sion was disregarded in the nu- 
merical values given b er, a source of serious errors in 
view of the method of oat which was employed. 
A few of the results derived by Kupffer were obtained by 

means of torsional vibrations. Among these are the coeffi- 
cients of temperature for the elasticity of an iron wire (piano 
cord), of a copper wire and of a brass wire. After having 
applied to these values the correction required for the dila tation 
of the vibrating disc, the decrease of the elasticity for 1° ex- 
pressed in parts of the total elasticity is found to be 

for iron, 0°00055 (“ mem.” Sebi 
* copper, 0°00082 S. 4 
“> Drees, 0°00039 ( S. 467 7) 

These values agree tolerably well with those found by us, with 
the exception of the copper wire, in regard to which it is pos- 
sible that the divergence may be caused by the ehh" 
that we employed a chemically pure metal. 

. The absolute moduli of elasticity of the iron, copper and brass 
wires calculated from torsional vibrations and from the velocity of 
soun 

To determine from our investigations the absolute moduli of 
torsional elasticity, it is necessary to know the dimensions and 
mass of the wires, as well as the moment of inertia of the vi- 
brating weight. 

_ The latter is to be calculated from the mass of 7 or 
lead cylinder =1818 grs. and the interior radius = and 
the exterior radius =5-07 c.m. It is found to ie 

1818 owes 
(507 5°07 ee ere 0°34 )=: 23470 grs. Oo c.m. 

To this must ‘. added the moment of inertia = 40 fa 
of the connecting pieces and the mirror, which was calculated 
from their size and form. The total moment of inertia there- 

0 ore is K= 23510 ers. 
Further was determined 

Tron. Copper. Brass. 
The length of the wire, l=20°80 20°75 =. 20°80 c. m. 
The mass of one c. m. length, m=0-00301 0°00655 0-00403 grs. 
The densi A=7°82 9-00 8°41 
The time vibration at 20°, t==17'35 . 12:23 .. 20°55 sec. 

radius of the wire, r=0°0111 0°0152 0°0123 ¢. m. 
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The modulus of torsion T is derived from these data by 
means of the formula, p. 

mK 

TSG mar 
It is found to be 

for iron =444 kilometers. 
“ copper==217 a 
“ brass —190 i= 

. kilogrammes for iron, 3470 pe ASS eyeeeny 
“ copper, 1950 "8 
“ brass, 1600 % 

wire of the same species : 
double the original length), is obtained from the velocity of 

sound e by means of the formula A=—, where g denotes the 

acceleration due to gravity. The value A’ ordinarily employed 
in practice, and made use of by Wertheim, (i ¢., the weight 
which hung on a wire whose section is unity would double the 
length), is obtained as above by multiplication with the density. 
Thus it was found 

Velocity of sound. . Modulus of elasticity. ~ 

Tron, 5050 meters, 2580 kilometers. 20310 Bay 
Copper, 3640 1350 : 12140 9 
Brass, 3380. 1170 9810 
Wertheim gives A’ for iron wire =19445, copper =12536, 

rass =9000 5h a 
According to these observations, the moduli of torsion bear 

to the moduli of dilatation, for all three wires very nearly the 

Same ratio. The ratio fod is 
+ 

for iron, 5°85 
ene, . 9x8 

6 8, 6°15 
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The deviations of these values from the mean are perhaps due 
to errors of observation, especially in the determination of the 
densities, since in order to be sure of investigating the same 
material as in the original experiments, but small masses could 
be employed. It is possible too that the deviation of the mean 
from the whole number 6, is to be sought in these errors. 

Without entering on a more extended investigation of this 
point, and without discussion as to whether the customary 
theory of elasticity is applicable to such thin wires, or whether 
the lack of isotropy, or the relations of superficies, forbid this 
application, it may be remarked that according to the theory 

A 
iT — 4(i+u ), 

where u denotes the ratio of the transversal contraction to the 
longitudinal dilatation. a comparison of the torsional and 

1 
=6 there results u=4. This is the extreme value 

permitted by the theory, which would correspond to a volume 
unchanged by dilatation. ; 

It may suffice to have indicated the fact. It would lead us 
too far from the chief object of our investigation to develope 
the subject more in detai 

E - a z he 

Art. XXXVIIL—On the Oxy-Caleium Light as applied to Photo- 
Micrography ; by Lieut. Col. J. J. Woopwarp, Assistant Sur- 
geon, U. S. Army. Report to the Surgeon General of the 
U.S. Army, dated June 4, 1870. 

_ Since the preparation of my report of January 4, 1870, on the 
use of the Magnesium and Electric lights in Photo-micrography, 
I have made some experiments with the Oxy-calcium, or Hare’s 
light, as a source of illumination for the same purpose, and have 
succeeded in obtaining excellent pictures with powers as high 
as a thousand diameters. is result appears to me of consid- 
erable Pree both because of the comparative cheapness 
of this light, and because the apparatus for its production 1s S0 
common as to be practically within the sack 
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The oxygen was sometimes made in the usual way from 
chlorate of potassa, sometimes purchased compressed in iron 
cylinders ; in either case it was transferred to a large sheet-iron 
gasometer for use. The gases were burned under a pressure 
equal to a column of water fourteen inches high. I used for 
lamp one of the first-class magic-lanterns, manufactured by 
J. W. Queen & Co. (No. 924, Chestnut street, Philadelphia, 
Pennsylvania,) in which the disc of lime is revolved by clock- 
work before the burning jet of gas and a fresh surface con- 
stantly presented to the flame. I simply removed from the 
lantern the lens intended to magnify the image on the slides, 
when the apparatus is in ordinary use, and allowed the cone of 

the magnesium lamp, does not produce the interference phe- 
nomena which result when tissues and many other objects are 
illuminated by powerful parallel rays. This circumstance, how- 
ever, renders the calcium light inferior to the sun and the elec- 
tric lamp, in the resolution of the Nobert’s plate and certain 
lined test objects. 

I did not find the time of x ee differed materially from 
Oo 

of obtaining positive information with regard to the comparative 

Moved the 
was itt 
peel mines portion of a sensitive plate thirty feet distant. 
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cular spots appeared as the results of the exposures. The spot 
produced by the electric light was intensely black, that by the 
magnesium of a rich middle-tint, while the circle impressed by 
the calcium light was extremely pale. Want of time prevented 
me from continuing these experiments and obtaining as I de- 

. sired numerical values for the relative actinic powers of these 
sources of illumination under definite conditions; this I have 
however regretted the less, as the actual energy of the naked 

powers from the 3th down, the use of much larger condensers 
to concentrate the light and so to shorten the exposure, and in 
the case of the magnesium light, in the use of a cloek-work 

lamp to increase the steadiness of the illumination. Each of 
these points are in my judgment essential to obtain the best 
results. 

I learn from the same letter of Dr. Maddox that he had him- 

self made experiments with the magnesium lamp some time be- 

fore those of Abercrombie and Wilson. He used powers as 
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ones The first, which represents the 6th square of the Mél- 
ers type-plate of the diatomaces, taken with Wales’s 1} incl 
objective, arranged to give thirty-five diameters, will serve for 
comparison with the photographs of the same object with the 
Same lens taken by sunlight and by the electric and magnesium 

ps, which were published with my former report. The sec- 
ond represents the Navicular Lyra, taken with the Powell and 
Lealand’s immersion ;', arranged to magnify 1000 diameters. 
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Art. XXXIX.—On the Secular Perturbations of the Planets 4 
by AsaPH HALL. 

In view of the recent consideration in geological speculations 
of the secular inequalities of the excentricity of the earth’s 
orbit, it may be worth while to state briefly the method of 
treating secular perturbations, and our present knowledge of the 
su 

Denoting by ¢, 7, 9, and § the excentricity, the longitude of 
the perihelion, the inclination of the orbit and the longitude of 
its ascending node, it has been found easier in the discussion of 
the problem to substitute for these quantities four others which 
are simple functions of them; and thus are assumed 

A=e sin 2, ==tang ¢ sin 4, 
l=e cos 2, q=tang ¢ cos 6. 

A=N sin t 1=—N cos t : 

V=N' oat teh l'=N' cos 4 ay &e. 

Differentiating these equations and substituting the value of 
dh dh’ al ; : : Se 

at’ dt? dt’ &c., in the differential equations and then eliminating 

the ratios of the coefficients N, N’, N”, &c., a numerical equa- 

tion is obtained for the determination of g. This equation will 
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rise to the degree denoted by the number of planets considered, 
and in our solar system will be of the eighth degree. If we 
enote by 9,, 92,9; ----J, the roots of this equation the 

general integrals will be 
A=Ni sin (Git+81)-ENg sin (got+f,.)+ ----+Ns sin (gst-+6s), 

T=N, cos (g,t-+81)-+Ne cos (gat-+H2)-+-- ----+Ng cos (gots), 
W=N'sin (git-+61)-+ N’gsin (gat-+6)-+---.EN’esin (gets), 
U=N's cos (git-+-61)-+N'2 008 (gat-+00) + --.-+N'acos (gat +68), 

&e., &e. 

- 1) 

The arbitrary quantities N,, N’,---- 8, 8, &c., are determined 
by the initial values of h and The solution for p and q is 
quite similar to that for A and 1. 

The conditions necessary for the stability of the system are, 
first, that the eight roots of the equation for g shall be real an 
unequal, in order that outside the circular functions there may 
be no terms containing the time as a factor or exponent and 
which would therefore increase indefinitely ; and secondly, it is 
necessary that the coefficients N may not be great in order 
that the excentricity may not increase so as to render pte ok 

oa the series which have been assumed in the solution to be rapidly 

certainty on this point an analytical solution is to esired, 

sidered. These coefficients depend on the assumed masses of 
the planets, and are generally determined by neglecting terms 
of the third order. The most complete investigation of this 



372 F. E. Stimpson on Farmer's Theorem. 

their satellites. When the novel and entertaining observations 
with the spectroscope have received their natural abatement 
and been assigned their proper place, it is to be hoped that 
some of the powerful telescopes recently constructed may be 
devoted to this class of observations, where a rich and an ample 
field awaits the skillful observer. One could not wish a better 
example than the beautiful work of Bessel on the satellites of 
Jupiter. 

August 2, 1870. 

— 

Art. XL.—Farmer’s Theorem discussed; by Frep. E. 
STIMPSON. 

Jour., xlix, 17), is the following:—‘ A comparison of the 
foregoing results will show that the coincidences, with the 
requirements of the theorem of Farmer are, within the limits 
assigned, too numerous, and too closely accordant, to be 
a as otherwise than pointing clearly to its general 
trut ” 

What I propose to examine now is, whether the data given 
in the paper referred to, do warrant the conclusion reache 

ecording to the data given for the first experiment, two 
lights were made equal, so that the disk of a Bunsen Photo- 
meter stood midway between the flames, and the consumptions 
were found to be 3°66 feet per hour. 

“The screen was then moved upon the bar to a point just 
four times as far from one flame as it was from the other, 1. &, 
the bar being 100 inches, the screen stood at 80, i. ¢., as 1:4 
The light from the distant burner was then increased, until the 

On reading 
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the rate of the gas consumed by the two burners ey 
one gave 3°66 cubic feet and the other 7:32 cubic 
Now from this it will be seen that the ratio of PERI 

was as 1 to 2, but the ratio of the lights being as the squares of 
the distances from the disk, becomes 200? : 80? or 1:16, and 
the result on the paper should stand, 

8°66* : 7'32+=1: and not 
3°66? : 7:32? =1:4. 

In other words, the lights were ‘proportional ie fourth 
powers of the consumptions and not to the squa 
In a 2, 8 and 4, the ratio of the s iss ares of con- 

periment 5, the ih ratio is certainly much nearer than the 
ratio of the squa 
hit eee tabi will, I think, suffice to show these various 

relatio 

leulated sy, | RS | ES | eo [geri ee 
Exp’t. | tion per sity by e | er ofcon- of 

hour. ae old laW-| squares. | sumption. | Old law. sans res. | power. 

3°30 A 1 iy 0 0 

9 4°35 21 1:32 13 2°098 —O°78 —0°37 | —0-00 

5-136 3°2 1°55 2°42 3°222 —1°65 —0.78 | +0°022 

5°556 4:0 1°68 2°83 3-995 — 2°32 —1:17 | —0-005 

3-72 1 L js eee 6 aoe 

3 4°884 z- 1°312 1-72 glee —0°628| —0°28 pa 

6°000 3° 161 2°60 meets —1°39 ~— 0°40 ee 

7-218 4 1:94 3-76 ees —2°06 —0°24 pigs <i 

4 5 18 § 3 +f ites te acne 

9°519 4 2114{ 446 es — 1886; +046 ade 

5 5-16 1°85 1°85 1°85 reeaena 0 0 ae 

1006 4:00 3°70 5°72 ae pa Ae +1°72 epee 

n experiment 6, the reductions have been made by applying 
Geta aes tion for the candle in both cases; the 
yori ate by Farmer’s Theorem being applied ae to the ¢ =e 
sumption of the gas, and so applied gives the most 
results, the enihanh shown by the old rule however, ie #4 
candles) is no greater than might have between 
SS even if the pensar. rege in both cases had teas 

[* Since the that tk 

pro gree of Cnt to 2”) but i in sp dig mci g of the posion of the disk — an 
It should twice as far from one flame as the other, i. e., the scree 

at 663, and thus the experiment supports the theorem. 
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equal, i.e., five feet per hour. But this penmar alone cer- 
tainly does not warrant the conclusion reache “That 
this theorem applies with equal force to the gars af sperm 
consumed by the standard candle as to the volume of the gas 
urned in equal times,” because the correction has not been 

applied to the candle either oom or in any other observation 
given in Prof Silliman’s paper. 

The confirmation obtained by experimenting upon Peytona, - 
Albert and Wollongong gas depends upon the assumption 
that the true candle power of a rich gas can be obtained by 
ne it in definite meeapan ness another gas whose illu- 
minating power is known, an cing from the observed 
candle power of the deatice: the wi 8 power of the rich gas ; 
until this assumption has been proved to - correct, it is of 
course useless in establishing Farmer’s Theorem. 

The next proof offered is drawn from a ‘etnies statement in 
Sugg’s Gas Manipulation. Prof. Silliman says, “ By this state- 
ment the burner in question produced from five cubic feet of 
gas exactly 15 (14?) candle power, but when reduced to 46 
cubic feet consumption the candle when ‘corrected to the 
standard quality of gas by. proportion ' was only 11°93 candles. 
The values of the ‘correction’ referred to can only be conjec- 
tured, but assuming that the observation made the uncorrected 
rendering 11:32 candles (a very probable quantity), we find that 
the law of we bi ae of consumption then makes the ratio as 

for the gas by reversing the wr used, 
armer’s Theorem 

be BART: expressed bee the ratio 45? : 10 73 3=5?: 13-997=14. 
The last proof offered is drawn from Audoin and Berard’s 
ee But after several fruitless efforts to obtain the 
esults, as given under the head of ‘ Tstenaitive by law of the 
Saar of ‘oranda I am forced to conclude that these 
figures are incorrec ugh some circa: 4 applying that 
law. The two hie referred to may be found in oe author's 
Ay a memoir on pages 439 and 421 © Annales de Physique 

himie, vol. Ixv, 1862. In these experiments they com- 
pared the burning of two batwing burners at different rates oF 
consumption, with a “‘ Bengel Argand ” whose rate of consump 
tion was nearly constant. The first three columns of the table 
below give their experimental data. 
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Taste [. Burner of the fifth series—slit Jy inch wide. 
Con 
tion of the| Consumption|Comparative ||Intensties by; Difference lintensiti am Differen 
Batw: ba of ss oe tasegenies. old formula | between = see law of between port 

under nd. The ngel as et ratio culated oan the squares oer and 
purn of consump-| observed of con rved 

Liters per} Liters per tion. results. sumption ule 
hour, hour. 

mes vv Uv / 

211 100 120 99°38 —0°62 82°31 17°69 

189 96 110 97°64 —2°36 86°3 13°62 

180 103 100 100°00 0:00 100°00 0-0 

156 104 90 104°85 +4°85 122 UF + 22°17 

142 104 80 102°39 +2°39 131°06 + 31:06 

124 101 70 99°6 —0°3 41- + 41°84 

102 101 60 103-82 +3°82 179°68 + 79°68 

88 102 50 99°3 —0-°70 197-19 + 97:19 

68 100 40 102°79 +2°79 | 264°20 + 164°20 

67 102 30 90°73 —9°27 293°40 + 193-40 

Tasre II, Burner of the same series—slit 5, inch wide. 

Monat ie e|Consumption)Comparative ||Intensities by} Difference | Intensities| Differenc 
Batwing of the Bengel| intensities. Fg: formula |between cal-||for law be between cal- 

under tri: Argand. The Bengel Ayan culated and ||thesquares; culated an 
burner “of consump- observed er Hl 

Liters per} Liters per tion. results. jults. 
hour. hour. 100. 

264. 106 200 100°4 + 04 50°33 — 49°7 
236 105 180 100°1 + O1 55-6 — 444 
208 105 1 100°9 + 09 63°5 — 365 

182 105 140 100°9 + 09 42°8 — 27:2 
152 104° 120 102°6 + 2°6 87° — 123 
130 104 100 00-0 0-0 100-0 00 
ii 104 80 92°8 — 72 107°8 + TS 

90 104 60 86°6 —13°4 125: + 251 

75 104 50 86°6 13-4 150-2 + 502 
66 104 40 78°8 —22°2 155°2 + 55:2 

, as 104 20 60°5. —39'°5 182°8 + 82°83 

28 104 10 46°4 63°6 || 215° +1155 

rom the first table it will be seen that the two burners 

proportion 
second line of this table 
mes 

and so on. 
Now applying Farmer's Theorem, 

: (180)? x (100)? 120 : 2” 
:(180)2 x( 96)? =110: 2”. 

(211)? x (108 
(189) x (103)2 ys 

103: 100= 

211x108: 180 x 100=120x1:1x7; 

911x108 :180 100=120: 0. 

189x108:180x 96=110:1 

=120:1 
54 a 

the proportions become 
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The value of /’ and 7’ from these proportions will be found 
in the 4th and 6th columns of the above table. 

t will be seen that in the second table the burners gave equal 
light for consumptions of 180 and 104; these numbers have been 
used therefore in the corrections for that table. 

The experiments show that the last term of the proportions 
should be 100. The tables show that by the old formula, this 
term becomes about 100 for every experiment of the first table, 
and for the first seven experiments of the second table, the 
greatest difference being 7-2; and for the remaining five experi- 
ments, the old formula gives the best approximate results except 
for the last one, and here the old law gives a result which must 
be multiplied by 2°15 to make it correct, and Farmer’s Theorem 
gives a result that must be divided by 2°15 to make it correct. 

rom a perusal of these various results, I am led to disagree 
with Prof. Silliman, and say that ‘Farmer’s Theorem’ is not 

every consumption of gas there is a burner which is best suited 

er. 
In the above, reference has been made only to experiments 

1 I have, however, 

oe and the results are curious, instructive and unexpected. 

April, 1870. 

ee ee ae 

renee ee 

ge a, Sn Mien AR aie ee On 
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Art. XLIL—WNote on Mr. Stimpson’s Paper on Farmer's Theo- 
rem; by B. SULLIMAN. 

Mr. STIMPson’s criticism on the first experiment of my paper 
was induced by an obvious numerical error in the statement of 
the data, which Mr. S. has himself corrected in a foot note on 
p. 873. The experiment properly stated exactly sustains the 
theorem. 

I admit that in Experiment No. 2, the exponent comes nearer 
to the third power than to the square, being 2°689, 2°638 and 
2°669 ; in the three cases average 2°661. But it also indicates 
that the illuminating power of the standard 3-30 cubic feet was 
very imperfect. The experiments, however, appear to me to 
demonstrate clearly the radical inaccuracy of the old rule for 
photometric calculations, and that some ratio near to or greater 

the square gives often more trustworthy results than the 
old rule. 

Tn Experiment No. 3, the exponents are respectively 2552, 
2297 and 2-092, coming in the last very near the square. It 
shows that 4:88 cubic feet consumption gave the best results, 
and also that 3°72 and 7-219 cubic feet consumption gave very 

n. 

Mr. Stimpson rejects all the data given by me which are 
S doeratalion of the intensity of a rich gas 

1870. 

ay 

fe 

ye 
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by the ‘method of mixtures,’ because, as he says, the accuracy 
of this method has not yet ‘been demonstrated by experiment. 
But this objection ceases to have force now that experiments, 
made by Mr. Farmer and myself lately, prove that this method 
is worthy of confidence. Inasmuch as the most important case 
for the use of Farmer’s Theorem is that of gas too rich to be 
burned in the standard burner on a basis of 5 cubic feet per 

shown that the ‘method of mixtures’ was fhe te i! 
am, therefore, glad of this occasion to reiterate my confidence 
in this method, and to refer the reader curious in such matters 
to a brief aper of mine upon this subject, which will be found 

e 379. 
I care very little whether the results of experiment shall 

show, when they are sufficiently accumulated, that the ratio of 
consumption of gas is to the intensity produced as the squares 
of consumption in a given case, or in some other ratio greater 
than a simple ratio. I have desired chiefly to call attention to 
the general untrustworthiness of all photometric observations 
which are made with volumes of gas much less than the normal 

* In the RR POAS of the American Selsey: for Advancement ee ae 
Salem meeting, I presented the matter referring to Sugg’s manipulation 
ferent form, giving rs tonalite of the ober hii with his Argand “ant in 
tabular form as follow: 

Observations Observations 
No. Cubic jcorrected by| Differ- Uncorrected corrected by Differ- 
obs. feet. old rule ences, observations. Farmer’s ences. 

candles. 

14:00 400 14:00 

2 49 13°78 0-2 137504 14°060 0°556 

z 48 13°74 0-26 13-190 14:312 1132 

4, 47 13°30 0-70 12-502 14148 64 

5. 46 13°04 0-96 11°996 147191 2°105 

6 4°5 LE-93 2°07 10-738 13°255 2-517 

The mean candle power of the 6th column is 13-99 candles; difference 0°01 candle. 
The following will show the fractional power required to bring the uncorrected 

observations ‘age 5) to 14-00 candles. 
4-91 13-504 5183: 14°00 candles. 

: 4-gi4i : 13- 5147: 14-00 se 
4. 4°71°85 : 12°502 +3 5185: 14°00 gs 
5. 46186 : 11°9 ee 5186: 14-00 nt 
6. 45252 : 10-737 zat 5252; 14:00 = 

a pr tgruelig goon apes! mig petien: Rarer jenna while the 
2d, 34, 4th and 5th —_* little below chk agiaiece 28 power aad te Oe 
test is considerably 
New Haven, July, ieee: 
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Art. XLI.—On the Determination of the Photometric Power of 
a rich gas by dilution with a poor gas of known value: the 
“method of mixtures ;” by B. SILLIMAN. 

In a paper on ‘Farmer’s Theorem,’ * I have given several 
examples of the method of determining the intensity or photo- 
metric power of a rich gas by diluting it with several times its 
own volume of a poorer gas of known intensity, and then caleu- 
lating its value from the increment of intensity. Having dem- 
onstrated in the paper before mentioned the worthlessness of all 
determinations of the intensity of gases of high illuminating 
power made by burning them in volumes less than five cubic 
feet, and then calculating their intensity by the rule of three up 
to that volume, I have shown how much more exact results 
were obtained when the results were calculated upon the theo- 
rem of Mr. Farmer; this greater exactness being predicated 
largely upon the confirmation drawn from parallel observations 
upon the same gases when measured by the method of mixtures. 
The results thus obtained having, however, been questioned by 
Mr. Stimpson,+ on the ground that the method itself had not 
been experimentally demonstrated, I have undertaken lately, in 
connection with Mr. Farmer, to make some experiments calcu- 
lated to test its accuracy. ; 

The results which go to support the accuracy of the method 
were obtained with the use of a new photometric apparatus, 
constructed for the Manhattan Gas Co., under my direction, by 
Sugg of London, and which was designed to embrace all the 
best approved features which recent experience has indicated 
in photometry. A discussion of these details would be out of 
— in this connection. Before detailing our results, it will 
€ proper to present the method of determination of intensity 

for gas of high illuminating power as practiced by Mr. Farmer 
at the Manhattan Gas Works in New York, and which I have 
called the method of mixtures. 
_ To find the candle power of a gas aiee for > an 
intensity goa than 20 candles, mix the rich gas of unknown 
power with a poorer of known power in such proportions 
that the Sareney of a mixture all not te preter” haar 20 
candles power, when consumed at the agreed rate of not over 
five cubic feet per hour. Then to compute the candle power 
(intensity) of the rich gas,— ; 

* This Journal, II, xlix, 17; also Proceedings of American Association for Ad- 
vancement of Science, Salem meeting, 1869, p. 149. 
+ See page 272, this volume. — 
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ab + cx _ (d—b)a , 5 
ate - gee Shige 

ab + ce—=ad+ed 

cx = ad+-cd-+- ab. 

And this expression is stated arithmetically in the following 
Rule :—Subtract the intensity of the poor gas from the intensity 

of the mixture; multiply the remainder by the volume of poor gas ; 
divide the product by the volume of rich gas; add to the quotient the 
intensity of the mixed gas, and the sum is the intensity of the rich 

Hence, 

unwarran 
olefines) are diluted by the non-illuminants. It is agreed, on all 

_ temperatures, that they may in fact be called, as to 
uminosity, neutral. It can hardly be questioned that the 
intensity which these neutral gases may assume in a given mix- 
ture must depend, under the same ordinary conditions before 

but it is sufficiently so for photometric purposes. The avidity 
all the olefines, however, renders it difficult to 



ea ee a a 

oa eee, 
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— ppianolar satisfactory results with the use of this gas, pro- 
it is passed through gas Pee and holders which have 

nae previously used for the transmission of coal gas, since 

Ist. . By Farmer’s Theorem = 30°49 candles, 
2d. “ mixing with poor gas = 30°95 
3d. “ simple ratio 20600. = 

In a . the intensity of this gas by the method of 
mixtures, 20 per cent by volume of Albert ed 
with 80 per cent of. 10°6 candle gas eat om a poor coal, — 
The mixture had an intensity of 14°67 candles. Hence, 

(14-67 — 10°60) x 80+20+14-67=30°95 candles 
for the intensity of the Albert Gas by the method of mixtures. 

lst Experiment. 
Taken 75 volumes of coal gas =14 75 candles, obs’d. 

Hy 25 ” hydrogen sees 

. 1 mixtu 1023: . 
If hyd 0 this mixture sh iahavegiven. 11-06 ca 
Hence there is an error of observation of 84 of a candle, 

which makes the value of the hydrogen —— ela zero. 

2d Experiment. 
Taken : : volumes of coal gas =14- 25 candles, obs’d. 

7 rogen oe 

5 We mixture EHOae . 9 
Hhvwa she ae gee, px a yess ““ eale. 

Hence there is an error of observation which 
a makes the value of the hydrogen, sleet a little iulve 

The want of sufficient Bee room for hydrogen and the 
porte of many repetitions, and much care In manipulation 

errors of coenty in the synthesis of mixtures make 
A oa other lagen — 

prevented my multiplying them as much as is desirable. | I 

think, however, that most photometric observers will ane wi 
me that it is safe to conclude, from these two experiments, that. 
the action of hydrogen in gaseous mixtures is simply that of a 
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diluant. We might make a thousand observations by the 
means now at command, and not obtain one with an exact 0 for 
hydrogen. A very trifling error in the admeasurement greatly 
influences the result. 
We may therefore safely conclude, as it appears to me— 
Ist. That in all illuminating gas we have a certain substratum 

of non-luminous gas, holding in solution a variable volume of 
luminous gas (olefines). 

2 at when a gas is too rich in illuminants to permit of 
accurate photometric admeasurement by the usual standards of 
intensity, it may be diluted with a poor gas of known value 
and volume to such a standard as is consistent with the accurate 
employment of the usual photometric apparatus, its true value 
being then calculated from the known values employed. 

P. 8. I find in the manuscript records of the Manhattan Gas 
Company, mention of four experiments made many years since 
by Mr. Schultz, chemist of that company, in which he mixed 
5 per cent and 10 per cent of hydrogen with gas of very high 
illuminating power. The results are less satisfactory than they 
would have been, had the volume of hydrogen employed been 
much larger and the intensity of the coal gas not over 15 
candles. Moreover at that time the means of admeasurement 
at the command of the observer in the laboratory of the Man- 
hattan Company of small volumes of gas were much less exact 
than they now are. The results obtained are as follows: 

lst Exeperiment. 
Taken 90 volumes of coalgas = =22°53 candles, observed. 

= 10 ‘ bydroger ==... 

eo re tre cee0-11 . 
Tf the hydrogen istakenasoO “ =20°27 “ calculated. 
Showing apparent error of soe D1. i 

2d Experiment. 

Taken 95 volumes of coalgas = =22-53 candles, observed. 
= 5 - hydrogen = ..... 

. 100 mixture <=20°36  * if 
If the hydrogenistakenasoO “ =21:39 “ calculated. 

Apparent error =—104 * 

’ 38d Experiment. 
‘Taken 90 volumes coal gas 20°83 candles, observed. 

* 10 “ hydrogen Pees 

“a 100 +=“ mixture i946 “a 
Ifhydrogen is taken—=0 “ =1829 “ calculated. 

Apparent error, — 16 % e 

Eee Soe EN ree ee ED a ee 

Fe eT eR eee eee ee ed ee Ee ee 

ROTO pene aaeeen Penee Pe ee Se ey 
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4th Experiment. 
Taken 95 volumes of coal gas —=20°83 candles, observed. 

5 = hydrogen . = -..- 

. 100 “ mixture <==20°52 >“ i 
If hydrogen istaken =0 “ =19°79 “ galculated. 

Apparent error, + ‘73 ts “s 
New Haven, Sept. 1870. 

XLI.— Address of Thomas Henry Hualey, at the meeting 
of ‘he british Association at Liverpool, on the 14th of Sept., 1870.* 

Ir has long been the custom ae the Rene installed President 
of the British Association for the Advancement of Science to 

casting his eyes around the horizon of the scientific world, to 
report to them what could be seen from his watch-tower; in 
what directions the multitudinous eae of the noble army 
of the improvers of natural knowledge were marching; what 
3 goa strongholds of the great enemy of us all, ignorance, 
had been recently captured ; and, also, with due impartiality, 
to mark where the advanced posts of ee pes been driven in, 
or a long-continued siege had made no 

propose to endeavor to follow this ancient = ee in a 
manner suited to the limitations of my kn e and of my 
capacity. I shall not presume to nk a pee survey 
of the world of scienee, nor even to give a sketch of what is do- 
ing in the one great province of biology, with some portions of 
which my ordinary occupations render me familiar. But I 

gress of a Rags os biological doctrine ; oe I shall try to ee. 
ic 

mould; that brut, 
tai 

* From “Nature,” of Sept. 15. 

& 
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answer. It did not enter their minds even to doubt that these 
low forms of life were generated in the matters in which they 
made their appearance. Lucretius, who had drunk deeper of 
the scientific spirit than any poet of ancient or modern times 
except Goethe, intends to speak as a Shee aie rather than as 
a poet, when ‘he writes that “with good reason the earth has 

tten the name of mother, since wal things are produced out of 
the earth. And many living creatures, even now, spring out of 
the earth, taking form by the rains and the heat of the sun.’ 
The axiom of ancient science, “that the corruption of one thing 
is the birth of another,” had its popular embodiment in the no- 
tion that a seed dies before the young plant springs from it; a 
belief so wide spread and so fixed, that Saint Paul appeals to it 
in one of the most splendid outbursts of his fervid eloquence :— 
“Thou fool, that at which thou sowest is not quickened, except it 

It is commonly counted pe the many merits of our great 
countryman, Harvey, that he was the first to declare the oppo- 
sition of fact to venerable authority in this, as in other matters; 
but I can discover no justification for this wide-spread notion. 
After careful search through the ‘“ Exercitationes de Genera- 
tione,” the ae that appears clear me ei that Harvey! pases’ 

ymor 

vedelative » germ ; ” and this, he says, is “oviforme,” or “egg- 
like ;” not, he is careful to add, that it rate has the shape 
of an egg, but because it has the oceeneremels and nature of one. 
That this “ primordium oviforme” must needs, in all cases, Pty 
ceed from a living sei is nowhere nto maintaine 

is. 
oT he first distinct SrieneiAtiba: e the by pots that all living 
sweet — sprue “Soa piace: living sae Bre tha a 

*1 Corinthians, xv, 36. 
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which was to intellectual Europe, in the sixteenth and seven- 
teenth centuries, what Germany is in the nineteenth. It was in 
Italy, and from Italian teachers, that Harvey received the most 
important part of his scientific education. And it was a student 

' trained in the same schools, Francesco Redi—a man of the widest 
knowledge and most versatile abilities, distinguished alike as 
scholar, poet, physician, and naturalist—who, just two hundred 
and two Parte ago, published his “ Esperienza imtorno alla Gene- 

gauze. But gauze will not keep away aériform bodies, or 
fluid. This something must, therefore, exist in the form of 

lay eggs out of which maggots are —— hatched upon 
able; the mag- 

sumption, that in all such cases of the seeming production of 
life from dead matter, the real explanation was the introduction 

living germs. from without into that dead matter. And thus 
the hypothesis that living matter always arises by the agency of 
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pre-existing living matter, took definite shape; and had, hence- 
forward, a right to be considered and a claim to be refuted, in 
each particular case, before the production of living matter in 
any other way coul uld be salt by careful reasoners. It will 
Ke necessary for me to refer to this hypothesis so frequently, 
that, to save circumlocution, shall call it the hypothesis of 
Biogenesis ; and I shall term ‘the contrary doctrine—that livin 
matter may be produced by not living matter—the hypothesis 
of Abiogenesis. 

In the seventeenth century, as I have said, the latter was the 
dominant view, sanctioned alike by antiquity and by authority ; 
and it is interesting to observe that Redi Hae na escape the cus- 
tomary tax upon a discoverer of having to defend himself 
acai the charge of impugning the pa ee of the Scriptures ; 
for his adversaries declared that the generation of bees from the 
actaievk a a dead lion is affirmed, in the Book of Judges, to 
have been the origin of the famous riddle with which Samson 
be ery the Philistines :-— 

* Out of the eater came forth mea 
And out of the ies came forth sweetness.” 

had lived in these times, would have infallibly caused hae to 
be classed among the defenders of ‘spontaneous generation. " 
“Omne vivum ex vivo,” “no life without antecedent life,” 
aphoristically sums up Redi’s doctrine ; but he went no further. 
It is most remarkable evidence of the philosophic caution and 
impartiality of his mind, that althoug Pp he had s eculatively 

anticipated the manner in which grubs really are deposited in 
fruits and in the galls of plants, he deliberately admits that the 
evidence is insufficient to bear him ip and he shersioee = 

rence of parasites wiht the se Shad in the same way. 
It is of great importance to apprehend Redi’s position rightly ; 

for the jase of thought he laid down for us are those upon 
naturalists have been working ever since. Clearly, he 

as against Abiogenesis ; and I shall immediately 
proceed in the first place, to inquire how far subsequent 1 inves- 
Meatio borne him out in so doing. 

But "Redi also thought that there were two modes of Biogen- 
esis, By the one method, which is that of common and 0 

BA si al 2 SE IE SEES fee eo ee 

CNR ET Regn ea een oe Ns ne 
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nary occurrence, the living parent gives rise to offspring which 
passes through the same cycle of changes as itself—like gives 
rise to like; and this has been termed Homogenesis. By the 
other mode the living parent was supposed to give rise to off- 
spring which passed through a totally different series of states 
from those exhibited by the parent, and did not return into the 

ed. 
.. But the skill of the microscope-makers of the eighteenth cen- 

ry soon reached its limit. A microscope magnifying 4 
diameters was a chef d'euvre of the opticians of that day; and 

only ,';th of an inch in diameter, has, at 10 inches from the eye, 
the same apparent size as an object ;;3,,;th of an inch in dia- 
meter, when magnified 400 times; but forms of living matter 
abound, the diameter of which is not more than ;;};sth of an 

rama put forward by Buffon and Needham in the middle | 
of the eighteenth century. a 
_ When a portion of any animal or vegetable body is infused 
In water, it gradually softens and disintegrates ; and, as it does 
80, the water is found to swarm with minute active creatures, 
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the so-called Infusorial Animalcules, none of which can be seen, 
except by the aid of the microscope; while a large proportion 
belong to the category of smallest things of which | have 
spoken, and which must have all looked like mere my and 
ees under the ordinary microscopes of the eighteenth century. 

by various theoretical considerations which I cannot now 
Sonia ut which looked promising enough in the lights of that 
day, Buffon and Needham doubted the applicability of Redi’s 
hypothesis to the infusorial animalcules, and Needham very 
pee endeavored to put the question to an experimental 

s mself, if these infusorial animalcules come 
ras germs, their germs must exist either in the substance in- 

in the water in which the infusion is made, or in the 
superna air. Now the vitality of all germs is destroyed by 
heat. Therefore, if I boil the mfusion, cork it up carefully, 
cementing the cork over with mastic, and then heat the whole 

ap. vessel by heaping hot ashes over it, I must needs kill whatever 
"germs are present. Consequently, if Redi’s hypothesis hold 
_- good, when the fusion is taken away and allowed to cool, no 
~~ animalcules ought to be developed in it ; whereas, if the animal- 
ez. are not de ndent on its spe germs ones are ere 

TT EE eT ee eS ee Pee 

allow for their gee 
In much of his work Needham was associated with Buffon, 

and the results of their eM fitted in admirably with 
the great French nat s hypothesis of “ organic molecules,” 
according to which, life is the mdefeasible property of certain 
indestructible molecules of matter, which exist in all living 
things, and have inherent activities by which they are distin- 
guished from not living matter. Hach individual aioe! organ- 
ism is formed by their temporary combination. They stand to 
it in the relation of the particles of water to a seh or a | 
whirlpool; or to a mould, into which the water is poured. The 
form of the organism is thus determined by the reaction be- 
tween external conditions and the inherent activities of the 
organic molecules of which it is composed ; and, as the stop- 
page of the whirlpool sage nothing but a form, and leaves 
the molecules of the water, with 
so what we call the death and putrefraction of an animal, or of 
a ita is merely the breaking up of the form, or manner of 
association, of its constituent organic molecules, which are then 
set f - as infusorial animalcules. 
Tt will be perceived that this doctrine is by no means identi- 

eal with Abiogenesi with which it is often confounded. On 
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this hypothesis, a piece of beef, or a handful of hay, is dead 
) only in a limited se The beef is dead ox, and the hay is 

ut the great tragedy of Science—the slaying of a beautiful 
hypothesis by an ugly fact—which is so constantly being enacted 
under the eyes of philosophers, was played, almost immediately, 
for the benefit of Buffon and ; 

nce more, an Italian, the Abbé Spallanzani, a worthy suc- 
cessor and representative of Redi in his acuteness, his ingenuity, _ 
and his learning, subjected the experiments and the conclusions 
of Needham toa searching criticism. It might be true that 

- 

ae 

ro 

bak 

place, the glass vessels in which the infusions were contained 
were hermetically sealed by fusing their necks, and if, in the 

teenth century, grew apace, 
with the great problems which biology had vainly tried to at- 
tack without her help. The discovery of oxygen led to the 
laying of the foundations of a scientific theory of — 
and to an examination of the marvellous interactions of organic : exam) 
substances with oxygen. The presence of free oxygen appeared 
to be one of the conditions of the existence of life, and of those 

* See Spallanzani, “‘Opere,” vi, pp. 42 and 61. 

ae 
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singular changes in organic matters which are known as fer- 
mentation and putrefaction. The question of the generation 
of the infusory animalcules thus passed into a new phase. For 
what might not have happened to the organic matter of the 
infusions, or to the oxygen of the air, in Spallanzani’s experi- _ 
ments? What security was-there that the development of life 
which ought to have taken place had not been checked or pre- 
vented by these changes? 

The battle had to be fought again. It was needful to repeat 
the experiments under conditions which would make sure that 
neither the oxygen of the air, nor the composition of the organic 
matter, was altered in such a manner as to interfere with the - 
existence of life. 

chulz 
of view in 1836 and 1837. The passage of air through red-hot 

infusion. This “something” might be gaseous, fluid, or solid; 
that it consisted of germs remained only an hypothesis of greater 
or less probability. 

Contemporaneously with these investigations a remarkable 
iscovery was made by Cagniard de ur. He found that 

common yeast is composed of a vast accumulation of minute 

in some way or other, the causes both of fermentation and 

feat at atiniseag b> ae * i ae M stl | a y Physics, 
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through and become intermixed, but stopped the eran of 
: r the fer- 

was that the agent thus intercepted must be a solid material. 
In point of fact, Helmholtz’s experiments narrowed the issue, «)_ 

1 See ae 

The researches of Schroeder and Dusch in 1854, and of © 
Schroeder alone, in 1859, cleared up this point by experiments 
which are simply refinements upon those of Redi. A lump of 
cotton-wool is, physically speaking, a pile of many thicknesses 
of a very fine gauze, the fineness of the meshes of which de- 
hen upon the closeness of the compression of the wool. 

ow, Schroeder and Dusch found, that, in the case of all the 

ege), an infusion boiled, and then allowed to come into contact 
with no air but such as had been filtered through cotton-wool, 
neither putrefied nor fermented, nor developed living forms. It 

is hard to imagine what the fine sieve formed by the cotton-wool 

ee: ae 
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strated that ordinary air is no better than a sort of stir-about of 
excessively minute solid particles ; that these particles are almost 
wholly destructible by heat ; and that they are strained off, and 
me air rendered optically pure by being passed through cotton- 

ool. 
Ta it remains yet in the order of logic, though not of his- 
tory, to show that among these solid destructible particles there 
really do exist germs capable of giving rise to the development 
of living forms in suitable menstrua. This piece of work was 
done by M. Pasteur, in those beautiful researches which will 
ever render his name famous; and which, in spite of all attacks 
upon them, appear to me now, as they did seven years ago,* to 
be models of accurate experimentation and logical reasoning. 
He aaa air through cotton-wool, and found, as Schroeder 
and Dusch had done, that it contained nothing competent to 
give rise to the development of life in fluids highly fitted for 

ae that purpose. But the important further links in the chain of 
_, evidence added by Pasteur are three. In the first place he sub- 

_ jected to microscopic examination the cotton-wool which had 
we served as strainer, and found that sundry bodies clearly recog- 

_ nizable as germs, were among the solid. particles strained off 
es “Secondly, he proved that these germs were competent to give 

‘rise to living forms by simply sowing them in a solution fitted 
| for their development. And, thirdly, he showed that the in- 
| capacity of air strained through cotton-wool to give rise to life, 

was not due to any occult b ohange effected in constituents of the 
air by the wool, by proving that the cotton-wool might be dis- 
pensed with altogether, Bet: perfectly free access left between 
the exterior air and that in the experimental flask. If the neck 
of the flask is drawn out into a tube and bent downward; and 
if, after the contained fluid has been carefully boiled, the tube 
is heated sufficiently to destroy any germs which may ‘be pa 
in the air which enters as the fluid cools, the apparatus ma 
left to itself for any time, and no life will appear in the fluid. 
The reason is plain. Alt though t there is free communication be- 
tween the winvoapbare laden with germs and the germless air in 
the flask, contact between the two takes dlace only in the tube ; 
and as the germs cannot fall upward, and there are no curren’ 

Boge! never reach the interior of the took But if me tube be 
te short off where it proceeds from the flask, ac- 

cess be thus given to germs falling vertically out of ae air, the 
fluid which has remained clear and desert for months, becomes, 
ina pe days turbid and full of life. 

<aica Salegp riments have been repeated over and over again 
Ee indepe ent observers with entire success; and there is one 

BEE fy conaiag to Working Men on the Causes of the Phenomena of Onanie es 

sail ic ich ele. 
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very simple mode of seeing the facts for oneself, which I may 
as well mpc 

wah. cotton-wool, will remain clear for an indefinite time. 
have sought in vain for any explanation of these facts, xy Ps 
the obvious one, that the air contains germs competent to 

Bas terium, But the alternative is to ‘clan that these Bates 
rise from germs in the air; and if they are thus propagated, 
the | burden of proof that other like forms are generated in a 
different manner, must rest with the assertor of — a 

To sum up the effect of this long chain of evi 
It is demonstrable that a fluid Same fit for “the idevaloy. 

ment of the lowest forms of life, but which ving ins neither 
germs, nor any protein co yand, gives rise to liv in 
great Decwdednes if it is ex oe d to ord vias no such 
development takes place if the air with met i it is in contact is 
mechanically freed from the solid particles which ordinarily 
float in it, and which may be made visible by om means. 

tis demonstrable that the great majority of these a 
are destructible by ek € 9 that some of them are 
living capable Soa the abiies Sermnsof BS 
= — which appear wee Bie anid is exposed to unpurified 

ee the same way yields similar results; but as it con- 
tains organic matter, the argument which follows cannot be based upon it. 
Am. Jour. at -Suooxp Serres, Vor, L, No. 150.—Nov., 1870. 

25. 
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It is demonstrable that inoculation of the experimental fluid 
with a drop of liquid known to contain living Pree gives 
rise to the same phenomena as exposure to unpurified ai 

And it is further certain that these living particles are so mi- 
nute that the assumption of their suspension in ordinary am 
presents not the slightest difficulty. On the contrary, consider 
mg their lightness and the wide diffusion of the organisms 
which produce them, it is impossible to conceive that they 
should not be suspended in the atmosphere in myriads. 

Thus the evidence, direct and indirect, in favor of Biogenesis 
for all known forms of life must, I think, be admitted to be of 
great weight. 

On the other side, the sole assertions worthy of attention are 
that hermetically sealed fluids, which have been exposed to 
great and long-continued heat, have sometimes bey i living 

_forms of low organization, w when they have been opened. 
_ The first reply that suggests itself is the brobabitiee that there 

nust be some error about these experiments, because they are 

t 

~ fermentable and putrescible infusions are preserved to the ex- 
_ tent, I suppose I may say, of thousands of tons every year, by 

-amethod which is a mere application of Spallanzani's experl- 
- ment. The matters to be preserved are well boiled in a tin case 
ome with a small hole, and this hole is soldered up when 
all the air in the case has been replaced by steam. By this 
method they may be kept for years without putrefying, fer- 
menting, or getting mouldy. Now this is not because pe’ 
is excluded, inasmuch as it is now proved that free oxyg 
not necessary for either — or oe ea It is Zot 
because the tins are exhausted of air, for Vibriones and Bacteria 
live, as Pasteur has shown, without air or erin oxygen. Itis 
not because the boiled meats or vegetables are not putrescible 
or a as those who have had the sae tape to be in 

sag to are nealliy x ren it ‘by 1 no “men *. 
Abiogenesis has taken place. The resistance of ors 
to heat is known to vary within eotidiatalsio limits, sr re ee 
pen some extent, upon the chemical and physical qualities 
of the inbending medium. But if, in the fer state of 

se aS seein oF He post recent series of experiments of this descrip- 
se pags spy = Nature, No. xxxv, P. 1705 No. sx50h P 

eke 
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science, the alternative is offered us, either germs can stand a 
greater heat than has been sup osed, or the molecules of dead 
matter, for no valid or intelligible reason that is assigned, are 
able to rearrange themselves into living bodies, exactly such as 
can be demonstrated to be frequently ohaiabe in another way, 
I cannot understand how choice can be, even for a moment, 
doubtful. 

But though I cannot express this conviction of mine too 

have pechantsy would be using words in a wrong sense. 
expectation is permissible where belief is not; and if it were 
rere me to look beyond the aoe of geologically recorded 

tot h 

iy ie | . alkaline 

and earthy hosphates, ands <r per the a of light. 
That is the a to which analogical res z leac ze 
but I beg you once more to recollect that I rardeoruness all 
my opinion anything but an act of philosophical faith. 

So much for the history of the fina of Redi’s great doc- 
trine ps tn ay ana appears to sa ola the limitations I 
have e to be victorious pi wns whole line at the 

ee con lem offered. to us by Redi, whether 
is obtains, ade. 86 side with cs ee Ww. 

that 4 is “there exist not only the ordinary | ving ‘things, giving 
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rise to offspring which run through the same cycle as them- 
selves, but also others, producing offspring which are of a total- 
ly different character from themselves, the researches of two 
centuries have led to a different result. That the grubs found 
in galls are no product of the plants on which the galls grow, 
but are the result of the introduction of the eggs of insects into 
the substance of these plants, was made out by Vallisnieri, 
Reaumur, and others, before the end of the first half of the 
eighteenth century. The tapeworms, bladderworms, and flukes 
continued to be a stronghold of the advocates of Xenogenesis 
for a much longer period. Indeed, it is only within the last 
thirty years that the splendid patience of Von Siebold, Van 
Beneden, Leuckart, Kiichenmeister, and other helminthologists, 

familiar experience to eve tt. that mere pressure on the skin 
will give rise to acorn. Now t 

morphologically di: e from the parasite worm, the 
_ of which is neither more nor less closely bound up with that of 

the infested organism. bo | 

i Sk ie eal 

Fe ee eee ee ee a 

Te es ee ee ee 
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ee euneiaainieia 

oe ee 

ate 

as the vaccine matter, by its irritative property, produced a wn & h : 

ilar experiments have proved that two of the most destructive 

Vv ection,” or “conta- 
gion,” to fresh wort. In both cases it is the solid living parti- 
cles which are efficient; the liquid in which they float, and at 
the expense of which they li being altogether passive. 
Now arises the question, are these microzymes the results of 

s, or of Xenogenesis ; are they capable, like the To- 8 



a 2% ee 

2p, on ee Fi Pag fae 3 vas a0 a § 

398 | Address of Professor Husley. 

rule of yeast, of arising only by the development of preéxist- 
ing germs; or may they be, like the constituents of a nutgall, 
the results of a modification and individualization of the tissues 
of the body in which they are found, resulting from the opera- 
tion of certain conditions? Are they parasites in the zoologi- 
cal sense, or are they merely what Virchow has called “ hetero- 
logous growth?” It is obvious that this question has the most 
profound importance, whether we look at it from a practical or 
from a theoretical point of view. A parasite may be stamped 
out by destroying 1 rms, but a pathological product can 
only be annihilated by removing the conditions which give rise 
to it. 

It appears to me that this great problem will have to be solved 
for each zymotic disease separately, for analogy cuts two ways. 
T have dwelt upon the analogy of pathological modification, 
which is in favor of the xenogenetic origin of microzymes ; but 
I must now speak of the equally strong analogies in favor of 
the origin of such pestiferous particles by the ordinary process 
of the generation of like from like. 

It is, at present, a well-established fact that certain diseases, 
both of plants and of animals, which have all the characters of 
contagious and infectious epidemics, are caused by minute or- 
ganisms. The smut of wheat is a well-known instance of such 
a disease, and it cannot be doubted that the grape-disease and 
the potato-disease fall under the same category. Among ani- 
mals, insects are wonderfully liable to the ravages of contagious 
and infectious diseases caused by microscopic Fung?. 

In autumn, it is not uncommon to see flies, motionless upon & 
window-pane, with a sort of magic circle, in white, drawn round 
them. On microscopic examination, the magic circle is found 
to consist of innumerable spores, which have been thrown off in 
all directions by a minute fungus called Empusa musce, the 
spore-forming filaments of which stand out like a pile of velvet 
from the body of the fly. These spore-forming filaments ar 
connected with others wigs fill the interior of the fty’s body 

still active, and to all appearance healthy, it is found to exist in 

pay they grow out of its body and give off spores. Healthy 
diseased ones catch this mortal disease and 

carefully, was utterly una ple to discover in what manner the 

ae 
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smallest germs of the Hmpusa got into the fly. The spores 
could not be made to give rise to such germs + cultivation ; 
nor were such germs discoverable in the air, or in the food of 
the fly. It looked exceedingly like a case of Abiogenesis, or, 
at any rate, of Xenogenesis; and it is only quite recently that 

ts é + has been 

because the spores become scattered about all sorts of matter in 
the neighborhood of the slain flies. 

he silkworm has long been known to be subject toavery 
fatal and infectious disease called the Muscardine. Audouin 
transmitted it by inoculation. This disease is entirely due to. ~ 

. the development of a fungus, Botrytis Bassiana, in the body of — 
’ the caterpiller; and its contagiousness and infectiousness are — 

accounted for in the same way as those of the fly-disease. But _ 
of late years a still more serious epizodtic has appeared among 
the silkworms ; and I may mention a few facts which will give 
you some conception of the gravity of the injury which it has 
inflicted on France alone. 

The production of silk has been for centuries an im 
branch of industry in Southern France, and in the year 1853 it 
had attained such a magnitude that the annual produce of the 
French sericulture was estimated to amount to a tenth of that 

e working up of the raw silk thus produced 
is more than I can pretend to estimate. Suffice it to say that 
the city of Lyons is built upon French silk as much as Man- 
chester was upon American cotton before the civil war. 
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have had to be paid for importing silkworm eggs, and that, after 
investing his money in them, in paying for mulberry-leaves and 
for attendance, the cultivator has constantly seen his aiksonas 
perish and himself plunged in ruin ; but it means that the looms 
of Lyons have lacked employment, and that for years enforced 
idleness and misery have been the portion of a vast population 
se in former days, was industrious and well to do. 

8 the gravity of the situation caused the French Acad- 
emy oa Sciences to appoint Commissioners, of whom a distin- 
guished naturalist, M. de spn rE ages, was one to inquire — 

so far is a more formidable disease, in being hereditary, and in 
os under some circumstances, contagious as well as in- 
fectious. 

sillkworms affected ee the strange disease a multitude of cylin- 
drical corpuscles, each about dog of an inchlong. These ze are 

some another ; and it was not until the French Government, 
larm, the continued ravages of the malady, and the in- 

efficiency of the remedies which had been suggested, dispatched 
. Pasteur to study it, that the question received its final settle- 

ment; at a great sacrifice, not only of the time and peace of 
mind of Mor eminent philosopher, but, I regret to have to add, 
of his health.+ 

But the sacrifice has not been in vain. It is now certain that 
this devastating, cholera-like Pébrine is the effect of the — 
and mutiplication of the Panhistophyton in the silkworm. It is 

phy ton nm pass away from the bodies of the diseased cate: rpillars 

directly or indirectly, to the bee Sonal of health silk 
worms in their neig Boo 

* Etudes sur les Maladies Actuelles des Vers a Soie, p. 5: 
: + In Na ture. No. xxxvi, p. 181, will be found a Anas: by Prof. Tyndall, of 

si itr ns of the silkworm disease 
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for this reason, also, it presents the very singular peculiarity 
of being inherited only on the mother’s side. There is not a 

ence of the microscopic organism, Panhistophyton. 
Such being the facts with respect to the Pébrine, what are 

phyton is generated. If it may be generated by Abiogenesis, 
or by Xenogenesis, within the silkworm or its moth, the extir- 

place in the highest animals. Indeed, there is already cin 

ie of bullet or bayonet, octane Sneak 

and their increase and multiplication; and that the surgeon — 
who saves most lives will be ie who best works out the practi- 
cal consequences of the hypothesis of Redi aie 

T commenced this Address by asking you to follow mein an 

attempt to trace the path which has been followed by a scientific _ 
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idea, in its long and slow progress from the position of a probable 
hypothesis to that of an established law of nature. Our survey 
has not taken us into very attractive regions ; it has lain, chiefly, 
in a land flowing with the abominable, and peopled with mere 
grubs and mouldiness. And it may be imagined with what smiles 
and shrugs, practical and serious contemporaries of Redi and of 
Spallanzani may have commented on the waste of their high abil- 
ities in toiling at the solution of problems which, though curious 
enough in themselves, could be of no conceivable utility to man- 
kind. Nevertheless you will have observed that before we had 
traveled very far upon our road there appeared, on the right 
hand and on the left, fields laden with a harvest of golden grain, 
immediately convertible into those things which the most sordidly 
practical of men will admit to have value, viz: money and life. 

» The direct loss to France caused by the Pébrine in seventeen 
years cannot be estimated at less than fifty millions sterling; and 
if we add to this what Redi’s idea, in Pasteur’s hands, has done 
for the wine-grower and for the vinegar-maker, and try to capi- 
talise its value, we shall find that it will go a long way towards 
repairing the money losses caused by the frightful and calami- 
tous war of this autumn. And as to the equivalent of Redi’s 
thought in life, how can we over-estimate the value of that knowl- 

e of the nature of epidemic and epizodtic diseases, and con- 
sequently of the means of checking, or eradicating, them, the 
dawn of which has assuredly commenced ? 

Looking back no further than ten years, it is possible to select 
three (1863, 1864, and 1869) in which the total number of 
deaths from scarlet-fever alone amounted to ninety thousand. 
That is the return of killed, the maimed and disabled being left 
out of sight. Why, it is to be hoped that the list of killed in 
the present bloodiest of all wars will not amount to more than 
this! But the facts which I have placed before you must leave 
the least sanguine without a doubt that the nature and the causes 
of this scourge will, one day, be as well understood as those of 
the Pébrine are now; and that the long-suffered massacre of our 
innocents will come to an end. 
And thus mankind will have one more admonition that “ the 

people perish for lack of knowledge ;” and that the alleviation 
of the miseries, and the promotion of the welfare, of men must 
be sought, by those who will not lose their pains, in that dili- 
gent, patient, loving study of all the multitudinous aspects of 
Nature, the results of which constitute exact knowledge, or 
Science. It is the justification and the glory of this great 
meeting that it is gathered together for no other object than the 
advancement of the moiety of science whic rith those 
phenomena of nature which we call physical. May its endeav- 
ors be crowned with a full measure of success. 

ee Ye ee era 



Hi. C. Hovey on the Hailstorm of June, 1870. 403 

Art. XLIV.— The Hail-storm of June 20th, 1870; by Rev. 
Horace ©. Hovny, M.A. 

THIs remarkable storm swept alonga a about thirty miles 
wide, and extending from Troy, N. Y., to Bangor, Me., though 

i “hail. b 
My point of observation was in Noddehspson, Mass., which 

was in the central line of the storm. 
At sunrise the atmosphere was obscured by fog, which was 

partially dispersed at a later hour. The day was sultry. 
noon the stereos s indicated 88° in the shade. At3P. M. 
a vast mass of dark-green cloud rolled up from the N. W., 
while lateral currents seemed to set in, ipa: the clouds at 
first into confusion, but afterwards into a well-defined vortex, 
or spout. The electrical detonations were ehewada and sharp. 
No rain preceded the hail, though it fell ioe pret after a few 
minutes. The first hail-stones were about one inch in diameter, 
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This monster, a foot in circumference, did not entirely melt 
away for six hours after it fell! The ice in all the hail-stones 
was peculiarly hard and compact. Interesting structural pecu- 
liarities were noted. Hail-stones of stellar form were always 

around which the alternate layers were arranged in spiral con- 

bo 9" diam. 

volutions, (fig. 4). The most common form was in concentric 
ayers, like the coats of an onion, still alternating opaque and 
transparent ; but the edges were finely serrated, like the stripes 
in some species of agate, (fig. 5). In one hailstone I counted 
thirteen of these layers, indicating that it had passed through 
as many strata of snowy and vaporous cloud. 

After a lull in the storm, for half an hour, there was a second 
fall of hail, but much lighter than the first. 

The d e done by such a war of the elements cannot 
easily be ascertained. Vegetation suffered greatly. In some 
cases men and animals were wounded. The icy missles not 
only broke thousands of pains of.glass, but also in many in- 
stances the window-blinds and sash. In a few cases weather- 
worn house-roofs were pierced. 

Peoria, IL, July 25, 1870. 
—————— 

Arr. XLV.—Photograph of a Solar Prominence; by Prof. 0. A. 
Youne, of Dartmouth College. 

ia following is from a letter to the editors dated Sept. 28th, 

_I have just succeeded, with the help of our skillful artist Mr. 
H. O. Bly, in obtaining a photograph of one of the solar sie 
mences, a copy of which I enclose. It was taken through the 
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hydrogen line, near G, by opening the slit of the spectroscope 
and attaching a small camera to its eye-piece. As a picture of 
course it amounts to ve ry little. It required an exposure o 
three minutes and a half, and the polar axis of the telescope 
being imperfectly adjusted, the clock-work failed to follow per- 
fectly, so that no detail is visible, and the picture will not bear 
much magnifying. I am convinced, however, that by using a 
more sensitive collodion, and taking proper pains with the ad- 
justment of the in strument, satisfactory photographs of these 
curious objects may be obtai ined. 

I may add that the spectroscope employed has the > dispersive 
power of 13 prisms of flint, each with an angle of 55° 
Rie it I observed this afternoon i in ee spectrum of a spot, 
e reversal as the eee a 1; De, D;, 1474 K, 

ree faint), 04, by, bs, &, F, 279 K, (ih, pers ‘h (Ha). bs was 
most conspicuous after C,, Ds, and B 

ART. XLVL—Oboniributions to Zoilogy from the Museum of Yale 
College. No. 8.—Deseriptions of some New England Nudibran- 
chiata; by A. E. VERMILL. 

Durine a dredging expedition to obec ek Me., and Grand 
Menan, the past season, in company wi Oscar "Harger and 
PEE Dwinelle, students in the Sheffield Scientific School, the 

following very interesting species was obtained. Many ihe 
Nudibranchs were cae observed, most of which are well known 
species 

Dendronotus robustus, sp. nov. Figure 1 
Body stout, about 2 inches long; 5 broad, ca about the 
Po m height, — quadrangular, tapering Bonet 
but much less e than in D. arborescens, as we h 
stouter, eitongiauie Y fede in about six pairs, those of the 

e first pairs with a sup ee gee one of nearly the same 
eis saa separately outside of, but close to their bases ; on 
the fourth pair these originate te from the base as large branch 

rane are diffusely arborescent and very much subdivided, 
the divisions pene P e very rapidly, the branches being 
more equal ore sp. 1 than * 

and do not pe the a , slender and acute ches seen 

in that s : Oe ant ts ieee 
ae and stout, about 4 of an inch long and 12 eter, 

a five sans, ‘round, smooth, tapering, ac acute pepe of 
which the two posterior ones are longest. The tentacles (figure 
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1,4) are about equal in length to the lobes of the sheath, 
the e pedicle forming about half of the visible part; the terminal 
portion suddenly enlarges at first, becomes somewhat conical, 
and tapers to an obtuse point; it has ten or ae oblique 
plications. Front of head with numerous (abou 
thirty) sparingly branched appendages gene tte in ,,,% Ab 
two series. In the upper series there are about 7 
ten, the outer ones being largest; these eb stout 
stems with a few conical, tapering branches, mostly 

on the lower side, which are tipped with sulphur- c 
apace Below these are numerous unequal, small- 
r, and more simple appendages, about ten on each 
site part of which are forked at the end, while others 
are simple and papilliform and surround the expan- 
ded ora! disk; all are canes with yellow. The oral 
disk (figure 1, ¢ se is tranversely elliptical. The foot is 
nearly as broad as the body ("4 oo an inch), and can be adapted 
for ee by infolding the ed 

Color p ish, thickly on kled with small yellow spots, 
which ae ig ess numerous on the oral eee and 
sheaths of the tentacles. 

side above the base, even on the front pairs; 
more clavate tentacles, with longer and branched - to their 
sheaths, while the sheaths also have a large, arborescent, ge 
like branch originating | from the outer “ toward the base By 
the last ch asily be distinguish 
Both species occurred ees in the same pool. 

Doris bifida, sp. nov. 

Outline broad oval, widest anteriorly, 1 inch long by ‘5 broad, 
in _— back very convex, mantle covered with nu ie 

; prominent, p papille. Tentacles rather lo 
thickest ¢ in the middle, the outer half strongly plicated, on with 
a smooth tip, the base surrounded by small papille. 
tractile into a single cavity, united together by nie a 
‘Figure 1.—Dendronotus robustus Verrill; a, tentacle sheath, natural size; 6, 

tentacle, enlarged; ¢, oral disk and anterior part of the foot, natural size; from 
living specimen by A. E. Verrill. 
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deeply frilled, much subdivided, bipinnate, the subdivisions fine 
and slender. Foot very broad, in extension projecting back be- 
yond the mantle about a quarter of an inch, slightly tapering, 
rounded and oeney notched at the end. Oral disk or veil cres- 
cent-shaped, the front a little prominent, the sides extended 
backward and Senin a curve continuous with that of the foot. 

lor dark purplish brown, sprinkled with white specks; ten 
tacles deep brown, specked ‘with white, tips yellowish ; gills 
purplish at base, the edges and tips yellow; foot similar in color 
to mantle, but lighter. 

Eastport, Me., at low-water mark, under stones, Aug. 19, 1868. 

Onchidoris tenella. 
Doris tenella Ag., in Gould, Invert. of Mass., Ed. 2, p. 229, Pl. xx, figures 289, 

290, 293, 1870. 
Specimens of this rare and imperfectly known species were 

obtained ae y stones in a large pool at low-water mark, near 
Eastport, 

The largest one was ‘85 of an inch long, and ‘20 to 25 
broad, acco: to the position. The outline is oval, elliptical, 
or oblong, in ifferent states of extension, and the edges of the 
mantle are often rolled inward. The back is ee pee convex, 
the surface Ae er covered with more conical papille, which 
are strengthened by numerous minute white s spicula. The 
Sah are rather tig, oblong, se paar tapering, with nume- 
us transverse laminw, which cover nearly the whole length, 

the tip with a leetadl eens apilla ; the base is surroun a 
short sheath, with the eg ivided into five small conical 
papille or teeth, the two anterior ones largest. Branchiz nine, 
seven oes a pie with two very small ones posteriorly ; the 

thick, lanceolate, with short late lob 
In eee center of the branchial circle there is a small bro 

e oral disk is short and broad, subtriangular, with a very 
obtuse angle in front. 

Color of the upper surface yellowish white, the papillz mostly 
A with yellow, om some with flake-white ; tentacles ry 

ow with lighter tips; branchie yellowish white, » eigen ee 
eed with sig fs ow, the yellow tint co po et “om 
Contraction ; ay yellowish white; mouth edge age ool di disk 
bright yellow. 

Pe cng ay PARE a 232, PL xx, figures 292, 295. 

This species ae under “ve same circumstances as the 
preceding, and mo e color was erally 
clear mee, pm dh tinged with pale sulphur-yellow, in some 
parts. 
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Onchidoris pallida. 
Doris pallida Ag., in Gould, op. cit., p. 229, Pl. xx, figs. 284, 287, 288, 291. 

This species was dredged in 20 fathoms in Eastport harbor. 
It has much larger tubercles than either of the preceding. 

Doridella, gen. nov. 
Body covered with an ample, smooth mantle, oval, convex 

Dorsal tentacles retractile, without sheaths. Head prominent, 
the lateral angles prolonged anteriorly as short oral palpi or 
tentacles. Foot broad, cordate. Sep posterior, in the 
groove between the mantle and foo 

Doridella obscura, sp. nov. ee 2 and 3. 
Form broad oval, ‘3 of an inch-long and ‘2 broad; back co 

vex, smooth. Foot broad, cordate in front. Oral disk peed 
emarginate or with concave outline in front; 

2 ‘angles somewhat produced, forming 
short, tentacle- like organs, which in exten- 

toward the edge, as if covered with Rie 

cles white ; the central part of body, beneath, bright yellow. 
Savin Rock, near New Haven, Oct. 28, : —k, T. Nelson. 
The eggs, laid in confinement, were very small, a 

pale yellow, numerous, arranged in an open coil, 
(figure 3). 
This is the only Nudibranch hitherto — 

in the vicinity of New Haven. It appears to be al- 
lied to Phyllidia and Fryeria, which are caulk re- 
ferred to the Tectibranchs. 

Art. XLVIL—On a recent Earthquake at Bogota ; by the Hon. 
S. A. Hurupot, U.S. Minister to Columbia. 

; but "U. 
ter to Columbia, has been kindly furnished to us oe the Siafenee 
of the Smithsonian Tostitution, to whom it was addre ] 

We have had rather an unusual phenomenon at a place in 
a remarkably well developed earthquake. At about 10 minutes 
before 10 P. Mm. of the evening of the 4th of April (Saturday), 
and without any previous warning that we = noticed, there 

Figure 2.—Doridella obscura Verrill, enlarged two diameters ; a, upper surface; 4, 
lower surface. 

Figure 3.—Eggs of D. obscura, enlarged two diameters. 
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Shain of a single vibration ; this was momentary. In 1 about 

the impression of a lateral motion from north to south. 
The table on which I had my elbow at the time seemed to recede 
about 14 to 2 inches, quiver an instant and return to its place : 
the beams of the houses ereaked like the timbers of a ship in 
heavy weather. Doors and windows flew open. Those who 

as clear and distinct as the movement of wind, but something 
like it. At the moment of the principal shock I looked at my 
watch and found the time to be ten minutes of ten—Bogota 
time. Time however, here, is not well renwlaiell as the observ- 

As earthquakes rarely have their centers in Columbia and are 
generally the result of action in Ecuador, it may be advisable 

Some nights since we noticed for two hours after sunset in 
the west, and nearly in the range of Tolima, a well defined 
column or line of light, on the Cordillera. This bore about due 
west. The character of the light I could not determine. 
Legation of the United States, Bogota, June 6, 1870, 

Arr. XLVIIL— Discovery of anew Planet, the 112th, named Iphi- 
cove 3 by Dr. C. H. F, Prrers, of the Litchfield Observa atory of 
annie Coleg. meer to the Editors, dated Clinton, Oneida 
big Oe Y., Sept. 22 

T nave the are to communicate the enn : observations 
"ee an asteroid discovered on the night of t 

Ham. Coll. m-t. App. A.R. Ape. Decl. 

: hm hm s ° 

ee. 15 30 — 1 2 35 +1016 (approx. by estimation). 
"20. 14 5728 115154 +10 13 30°83 10 comp. W. 08 1079. 
* Si 10-48 82 1112-24 +10 10 589 10 comp. Sohj. 374. 

The planet is about ~~ _—, papers the number esa 
and I have al already give wi site while that 
found on Aug. 14, (111), ri, ig poring Ate, with regard to o the simultaneous events in urope. 
As Snipa Sc1.—Seconp Sertzs, Vou. L, No. 150.—Noyv., 1870, 

26 
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Arr. XLIX.— Geological Explorations in China; by Bar 
von Ricutnoren. In a letter to Prof. J. D. Wee: dated 
Peking, Aug. 20th, 1869, and communicated by him for this 
Journal. 

I promisep you, a few days ago, a more detailed account of 
the geological results of my travels in Manchuria and the pro- 
vince of Chi-li than I wished to give before having visited at least 
some of the ee near Peking examined before by Pumpelly. 
I have done this am now acquainted with the most important 
formations viaiabtting in the neighborhood of this capital. 

The southern province of Manchuria has the name Shing-King 
and is divided by the Liao river into Liao-tung and Liao-hsi 
(meaning East and West of the Liao). The course of my travels 

then to the no rtheast, shins this frontier, and to ea folk 

no less in the different provinces of it than it does in other regions 
of the globe. One is easily inclined, on a hasty tour of reconnois- 
sance, ‘to compare the strata in various regions on lithological 

unds, But if I bear in mind the erroneous conclusions arrive 
sa in the European Alps, by geologists who endeavored to deter- 
mine the age of the sedimentary formations on the strength of 
their lithological dosages to the chee of other parts of 
Europe, I t ink I cannot be cautious enough in this new country 
Lithological anlage can here be used as a safe guide only when 

carefully traced from province to province and so on to remote 
regions. Then there is the apparent atone of any great geologi- 
cal events creating disturbances simultaneously over the whole 
region. Ancient deposition continued in one place while it was 
interrupted in another by the dislocation of those strata previously 
deposited. Another difficulty is the scarcity of fossils. I dare 
say that, with the exception of a few plants of the Coal-measures, 

ave discovered all localities of fossils now known to exist. Yet, 
if it is considered that I never received any knowledge of their 
existence (excepting Lake Tai-hu) not even the slightest. hint, from 
either native or foreigner, but that I had to discover every “fossil 
yself in hurrying through the country, it will still be found sur 

pene, that the number of known fossiliferous localities is 80 
I tas that China will, on a closer examination, > i 

te inrgely to the knowledge of the most ancient animal 
the globe. There is another difficulty caused by irips recurrence, 
at different levels, of strata which bear a close similarity to each 
other, This relates chiefly to certain quartzose sandstones of a 

i 
4 
3 

2 
: 
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reddish or yellow color when converted into quartzite. They ha 
often a thickness of thousands of feet, and, as they are less aifeoted 
by denudation than many other st tratified rocks, they frequently 
compose mountain ranges for themselves, without offering any 
clue for determining their stratigraphical position. This is also 

analogy with the history of the exploration of the European Alps 
is striking. One cannot be astonished that the first explorer of 
Chinese geology, though a most admirable observer, should have 
distinguished only one great limestone formation in China, and 

tions. Since then ave come to the conclusion that it will not 
be difficult, on detailed examination, to establish in other regions 
a greater narabe r at distinct levels. 
Tt is for the various reasons peo oes that I examined eve 

a f fferent formati and 
tried to establish the analogy between different regions only after 
having completed the exploration of ea h - 

deal of additional support and, I think, si prove to bea near 
a to the true order of suece 

two previous letters (March 1st a Mos Sth) * a 
my having found Carboniferous fossils on the 
Shantung, in certain limestones and shales which occur per: in 
close connection with the e Coal-measures, or indeed form part of 

rial for determining the age of a formation which corresponds, 
stratigraphically and lithologically, with the lowest (“ Matsu”) 
limestone on the Yang-tse and the formation mentioned as’ No. 2 

thousand feet, and is, lithclogically, ex ly varied. It e 
sists of endless alternations of r canes argyllite and brown 
Sandstone, with strata of limestone, the — two prevailin 
= lower ans the latter in the upper e limestone it- 

ts a large number of poring and one can di 
os purely lithological grounds, several ho e order of suc- 
cession of which is similar in wide regions. De of these horizons 

other conspicuous varieties of limestone, extends from the Yang-tse 
to He egicioa and to Peking (twelve degrees of latitude and ten 
of. longit ude), 
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On the frontier of Corea, this oolitic limestone abounds in the 
remains of Trilobites and small brachiopods, chiefly of the Orthis 
and Lingula families. e sediments were there deposited in in- 
lets of the ancient sea between ridges consisting chiefly of gneiss, 
granite and quartzite. The accumulation of the shells of trilo- : : cs : 

eames s, in bul r all other eae formations of 

io-tung and ‘extends peed into Cor In Liao-tsi, it appears 

porphyries. gain it takes a dominent part in the structure 
of the country in the province of Chili, ia between Yung- 

stones (that is, its upper portion) form the narrows which lead to 
the Nankan pass. ‘They are intensely altered, and traversed by 
innumerable dykes of intrusive roc What ‘Pumpelly reer a8 
as the Hwaingan beds, are probably the lower strata of this s 
great a 

and Orth e 
mediately below the coal-bearin — the conformable superpo- 
sition of which on the att i 

ae ures. ne pe len wes we to be conformable to that 

re are, however, more numerous instances where the outbreaks 
of granitic and then of porphyric rocks, which extended 

ruptive action. Coal-meas 
formable to the underl as all instances which came 
under my observation. “ithe ment : 
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this question. But, judging on mere stratigraphical grounds, I 
cannot help thinking, that the Coal-measures of Liao-tung and 
Liao-hsi, and the lower portion of those in the neighborhood of 
Peking, will n ot differ much in age, ei ither among ae or 

ever, a noteworthy fact, that the coal formation of has an 
extraordinary development. I ha n to see those 
coal-bearing strata which lie immediately on the limestone. We 
of hese strata, together the limestone and a fi 

ments continu a considera riod, in whi fted 
to different — et, I must confess, t comparison i : 

gr 
tion of the Coal-measures of Northern China should be 
cent age as Dr. Newberry was inclined to conclude on the strength 
of the vegetable remains which he determined. 

SCIENTIFIC INTELLIGENCE. 

I. CHEMISTRY AND PHYSICS. 

1. On the influence of electricity on air and oxygen as a means 
of producing ozone—Hovzeav has drawn the following conclu- 
Sions from a seat number of estimations of ozone obtained by 
ae of Ruhmkorff’s apparatus. 

|.) The production of ozone is greater in air renewed from time 
to time than in confined air. 

(2.) It is greater at the negative than at the positive pole. 
(3.) The production of ozone pee only up to a certain 

with the duration of the ih ba actio 
: The ozone increases with the mee intensit 

The ozone diminishes aia the distance w iohi separates 
the  debsotea th increases. 

(6.) The hea of ozone varies with the a or surface 
of the electrodes 
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ing the part of Soo a sheaths, whether the extremities of 
these tubes are closed o 

(9.) Still the eiliuntiodal of ozone resulting from the passage of 
air over the naked metallic electrodes (direct ahead with the pla- 
tinum wires) is greater than that which arises from the passage of 
the air round the same electrodes, when dheiahed and closed, (no 
oN contact of the air with the naked metallic electrodes). 

Vith closed sheathed electrodes the production of ozone 
Lier cease with the length or surface of the metallic wre 

The production of ozone increases considerably w im- 
inition of the temperature at which the electrification of aks air is 

oer) “All conditions being —— = quantity of ozone produ- 
ced with a definite volume of oxygen, is always much more con- wid 
cm oo eight or ten times) haat that furnished by the 

e of a 
rea): The ozone predated by the obscure electrification of air, 

is accompanied by small ena: of nitrous compounds, while 
that ars is furnished by pure oxygen under the same cireum- 
stances, contains only traces. By attention to the conditions above 
described, the author has been able to construct a new apparatus, 

tract is tak en.— Comptes Rendus, lxx, 
2. Researches on Wakud —Souti TZENBERGER has communica- 

ted to the Academy of Sciences frcthice investigations of the re- 
markable compounds of platinum with carbonic oxyd, already 
noticed in this Journal, and has in addition — some new 

series of great interest and theoretical importance. Setting out 

with the view that the two compounds anand described, 
CO 

CO == PtCl,, and bey >PtCl,,* may be regarded as the chlorids 

of two diatomic radicals, the author found that ammonia unites 
each compound, forming the two new chlorids represented 

tapbattiely by the formulas, 
N,H,.CO.PtCl,, and N,H,.(CO),.P 

When heated these compounds fuse, ibding Ns ‘platinum, 
nitrogen, hydrogen and sal-ammoniac, together with a volatile 

t td eth nef pace = perris 
Phos; rid, PCl,, like carbonic oe unites — 

* Pt==19T C—=12 O=16. 
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with platinous chlorid, forming a solid reddish-yellow vestiges 
volatile with difficulty, fusing at about 200°, and solu 
phorous chlorid, from which it crystallizes in coolin The com- 
position of this ‘body i is represented by the formula PCI, . PtCl,. 
The same substance is formed by heating one atom of platinum 
with one molecule of phosphoric chlorid, gti Aer tar PtCl,, 
and also by the action of PCl, upon CO. PtCl 2, CO being given 
off The compound PCl,. ,-Ptel, dissolves in water with a yellow 

an plex acid, P(HO), PtCl,, and differs 
essentially from the body described by Baudrimont, which accor- 

2 fine chemist, has the formula PCI, .PtCl,, (Pt=98 

the ae and names of a series of very remarkable deeaaes 
which he has obtained from the primitive, PCl,.PtCl, ; these are 
as follows 

ie PtCl, chlorid of tr Crimea ee 28 cha 
P(HO),. PIC, phospho eae dee inous acid, 
P(A,O), . PtCl, silver salt of the same. 

2H,O),.PtCl, chlorid of trioxethyl phospho en 
P( Cc; ti, O}8 PLO. i, O ope et oe of platin 
PCE o -0, 
P(C, H. Oo). PS, ii, HCL fe ae of trioxethyl-phospho- 

latin-dia 
Le Ob PtCl, chlorid of hexachloro-diphosphoplatinum. 
P3(HO),. PiCcl, diphospho-chloroplatinous a acid, 
P,(AgO),. PtCl, silver salt. 
© (C,8 Oye Ptcl, chlorid of hexoxethyl-diphospho platinum. 
P, (C 3H.O O),. Pt “a. : 
P, HC; H, 20) Cl ,Ptcl, chlorid of trichloro-trioxethyl- -diphospho 

Le C.H,0), ‘ (HO) 3 PtCl, diphospho-trioxethyl-chloro-platinous 

gers points out the analogy between these compounds 

and the ammonia-platinum bases. In a third note he gives a 
method of isolating the radicals contained in the ‘aheve described 

"On new ee es of t d Gat 

have studied the wees of the action fs sence potter upon tri- 
ethylphosphine, and have obtained a compound having the form- 
ula,* P(C,H,),PtCl, which they regard as the sqeenlet of th 
green salt ‘of agnus in the ammonia series. This body ¢ erystal- 

‘anspare of 
an amber yellow color. An alcoholic solution of this salt heated 
to 100° for several hours in sealed tubes, yields crystals of an iso- 

*O=6 O=8 Pt—98'7. 
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te m well defined salts. odie um forms a rors similar 
to the first jenmnibad salt of platinum, and also forming amber 
yellow pris This does not, however, unite with another atom 
of triethylphosphine. When triethylphosphine i is added to a solu- 
tion of auric chlorid, AuCl,, in alcohol a colorless yd Soon salt 
is obtained which has the formula , P(C,H,),AuCl. Compounds 
of an exactly analogous composition were obtained with the chlo- 
rid of platinum, emer Pe gold, and nigh remmeertS 
tes Rendus, \xx, 1380, lxxi, 20 

4, sili “ange sO pats: —By the simultaneous scan ‘of 

zinc-ethyl and sodium upon ethyl-silicie monochlorhydrine, SiCl(O 
Cc 
at 158°°5 C. and having the formula, Si(C,H,)(OC,H,),, 
they term tribasic silico-propionic ether. A concentrated toluti ion 

in a state of purit y. By oo i silico propionic ether at 180° ros 
in a closed tube with chlorid of acetyl, the authors obtained a mix- 
ture of acetic ether and a body having the formula SiC,H, 3. 
By treating with water the part of this liquid which boils at 90°- 
110°, chlorhydric acid and a white gelatinous body are formed ; 

is last is the hydrate of silico-propionic acid. When dried at 
100° the acid forms a white amorphous powder greatly resembling 
silicic oxyd, but easily distinguished from it by its combustibility. 
When heated it burns like tinder, disengaging combustible gases. 

~ —— : oT in water, but dissolves in hot qa 

fore to be a weak acid oreo to silicic acid, and presents the 
first known case of a silicic acid containing carbon. Its formula 
shows that it contains the group, SiO,H, which may be terme: 

xyl, and which is the analogue of carboxyl, CO,H. It is 

_ easy to see also that it forms one term of a group of nag 

Fo ete Rend Ixx, 1407. > 
lie aleohol.—LresEN and ipa ate suc- 

y 
onary that of ns ers acid, It boils at 184°-185° at 736™, 

1 normal calcic valerate is mixed with normal calcie formate, 
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and the mixture is distilled in small portions at a time, valeric 
aldehyd is obtained, boiling at 102° C. This aldehyd, by the ac- 

responding ordinary amylic ethers. ne constitution of the nor- 

on CH,.CH,.CH,.CH, 
cH, = oi 
CH, me 
CH, . OH 

while common smart alcohol has probably the formula attributed 
to it by Erlenm 

i, C CH, ( CH, .CH(CH,), 

CH =O. 
CH, H 

CH,.OH OH 
uthors promise a detailed description — ney normal yale- 

ric acid rer its salts.— Comptes Rendus, \xxi, W. G. 
6. Transformation of the fatty acids into ‘hea ae a di 

hols,—Saytzerr has given a method of passing from the fatty 
acids to the thine ites alcohols, which possesses much siete 
est. An amalgam of sodium of 3 per cent is to be im 
into a flask, and a mbase of one molecule of the nary oa and two 
of the acid introduced, the mixture being cooled. — 12 hours 

Il. GEOLOGY AND MINERALOGY. 

1, Laurentian — ee cao Scotia ; by Rev. Dr. HoNEYMAN, 
F.G.S., &¢—In this ant etna aoe neon 

d rystalli d of great 
lithological variety. There was a succession of different kinds of 
diorites and hornblendie rocks, traversed with veins of quartz 

and many granular limestones. These extended about two miles 
along the sen stretching at the same time both into the sea and 
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land. After these came a thick band of ophites and aphiee 
Succeeding these were bands of diorites and hornblendic vit 

we 
cad aie the Devonian, into the Lower Carboniferous. 

There appeared to me to be a sufficient lithological resemblance, 
between these rocks and those of Canada and Newfoundland Lau- 

— ~ the geological age of the rocks : fies uestion. Dr. et 
however, knows right well that I had other and much better 
is a of repli the requisite cavedie® * 3 a the sh ee 

a: 
t oceasion to direct dhs scmasen of English and 

Continental geologists to the rock specimens referred to; so that I 
was not altogether ignorant of their character and appearance, 

Thus schooled I considered the rocks discovered to be Lauren- 
ate 

ee and whose knowledge of the Silurian rocks 
of Arisaig aia nid es where fossils oceur is somewhat intimate. 
To him I declared motets that I had found the Laurentian 
rocks in the neighborhood of our old geological field ; at the same 
time I gave him specimens of these rocks. Shortly after I left the 
field on account of the sptaaie of the weather. On my a 

iron in the locality. When Prof, Hind —— 

ve 
covery 0 ae ae backai In the month of Disconber following, I 

a letter from Sir W. Logan, addressed to the care of 
W. A. Hendry, Esq., Deputy Commissioner of Nova Scotia Crown 
Lands, a gentleman who has had considerable field experience as 
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have discovered r. Hunt says it is agalmatolite or dysyntribite 
and it proves nothing; the rocks may be of Upper Silurian or 
Devonian age was not prepared to maintain that the ophite 

We 
It to me he said he had partly polished it by means of acid. 
turned out to be a very beaut and peculiar specime - 

ture. I had often examined the magnificent specimens of Eozonal 
serpentine which were exhibited in the Canadian department of 
the Paris Exhibition of 1867, which were afterward deposited in 
the Ecole des Mines of Paris. I also had received from a Bohe- 
mian geologist in Paris a specimen of ophiocalcite with Eozoon 

m 

was Eozonal so was the Nova Scotian, and that this was another 
_ evidence of the Laurentian age of the Nova Scotian rocks. 

simplicity and ignorance of facts advanced in the Eozonal contro- 
versy, I did not know that serpentines of all ages might contain 
species of the genus Eozoon. I pointed out the peculiar structure 
of the Nova Scotian specimen and its resemblance to that of the 
Bohemian to Mr. Hendry, already referred to. He express 
doubts on the matter of structure in both, as an unbeliever in the 
ozoon might do. out the same time Prof. Lawson of Dal- 

amined them, but replied that he wanted to see the real Hozoon 
Canadense Mr. Hendry confirms the above statements as far as. 
he is referred to, in the presence of Dr. How of Kings College and 
University, Windsor, to whose friendship and kindness I am in- 
debted for the loan of a copy of the number of the American Jour- 
nal of Science, containing Dr. Hunt’s article alread referred to. 
o the ome of 1869, I visited Montreal and took with me 

e 

idary’s workshop in Gabriel street. A day or two after, 
when I was rp ae in the same place talking with Sir W. Logan, on" re 

W. Logan in my presence to the effect that Dr. 
Honeyman had discovered a very interesting series of rocks; that 
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the ee tempted him to go tosee them, and that he — 
= to the Laurentian. Sir W. objected, saying that 
specimen was not serpentine. Dr. Hunt assured him that it 3 
ehinnalaice that he had examined it; that the white ae 
with aci e also named some of the constituents; I don 
giaatieas what they were. Sir W. and Dr. Hunt t left. I el 
nothing more about the matter until my very kind host, Dr. 
Dawson , on returning from a visit to Gabriel street, told me, in 

h r 

my representative collection of Nova Scotia rocks in the Provincial 
Museum under my charge, thus: Arisaig — ophiocalcite and 
porphyritic diorite, at the bottom of the es; granites, new 
gneissoid rocks of Prof. Hin d, next ; adicialeoine rock and _ slates 
next ; and thus they had remained until the present time. Many a 

time | ave I pointed out these rocks to visitors who take an interest 

erican Journal of Science, although the sound of my 
voice may not have reached ve street, Montreal. I could 

I would now observe that, cing one cause or other, I had never 
met with Prof. Hind since the _ or referred to, until a day 
or two after he had read a paper on his discovery of the Laurentian 
rocks, — the Nova Scotia Tustiate of Natural Science. He 

t Dr. Lawson in the Museum. He commenced dis- 
oe the pes of his discovery. : then turned his attention 
S B ® 

letter was inserted in the Halifax Mor ac Chronicle, egies by 
Prof. Hind to the Hon. Robert Robertson, ommissioner 

which I give the following qubsactas: © Raden dete Montreal, — 
3, 1870, Dr. Hunt informs me that recent microscopic examinatio 
of some of the specimens sent by Dr. Honeyman, has seeciaal 
well-defined ‘ n Canadense”” * ” continued Dr, Hunt, 
“must, I conceive, “ conclusive evidence of their Laurentian age.” 
* Digs Dawson, i ina separa rate communication, confirms the identifi- 
cation of the Eozoon.” 
I find, however, that in the discussion that followed the <tee 

paper, “On the Laurenti of yo. BE 
dressed to the Geological Society of London, Dr. Dawson rema 
that the Arisaig Eozoon was different from that of Canada; ‘tat 
the Eozoon Bohemienm oe to a formation more recent 
the Laurentian, and that the Arisaig Eozoon did not prove the 
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rocks to be Laurentian. Vide printed abstract of the proceedings 
of the Geological Society of London. 

0 not regard the discovery of Eozoon as the only evidence of 
the Laurentian age of the Arisaig rocks. I consider that relative 
position, in connection with /éthologicul character, must have some- 
thing to do with the determination of their age. Besides, is it not 
possible that, as there appear to be new different species of Eozoon 
belonging to different countries and different ages, that there may 
be different species in different countries, but still of the same age, 
and still that the Nova Scotian species is still Laurentian. 

nother extract from Prof. Hind’s letter: Dr. Hunt says, in 
his letter already referred to, “ A line from the Laurentian of 
Malignant Cove (Arisaig) to that in Newfoundland, will pass 
through Cape Breton, and we can now look for limestone and 
Eozoon there.” Is it not possible that the thought may have oc- 
curred to some one else besides Dr. Hunt? Perhaps Dr. Hunt has 
forgotten something that happened during the Exhibition in Paris 
of 1867. He came into the Nova Scotian Court, accompanied by 
Prof. Lesley of Philadelphia ; he found among the polished speci- 
mens of marble 

Hat has hit the mark. My defense is, [had not been able on 
account of the inclemency of the weather and lateness of the sea- 
Son, to exami ; 
48 was desirable ; I did not think there was any great hurry in the 
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matter, as I did ee the great draanr of my excellent 
friend Prof, Hind. I have not yet had the desired opportunity, 
and yet I have had to wilt on the pee first, to the Geological 
Society of London.at the —— of Prof. Hind ; second, to the 
oo. Journal of Scien the instigation of Dr. Hunt. 

iptions of Bovsile sone by the U.S. Geological —- 
under renee charge of Clarence King, Esq. (Proc. Acad. Nat. 
Philad., No. 1, 1870).—Mr. Meerx prefaces his numerous ear 
tions of ai species by the following Phteeiiticine; addressed to 
Prof. Josep idy. 

I send sine to be presented for publication in the Proceed- 
ings of the Aca ademy, descriptions of a few of the fossils eae 
in by the United States Geological Survey under the direction of 
Clarence King, Esq. You will please state, in presenting the poset 
that the Trilobites described in it from Eastern Nevada, are deci- 
dedly Primordial types, and, so fn as I know, the first fossils of 
that age yet brought in from a any locality west of the Black Hills. 
Mr. Kin ng’s collections = establish the fact that the rich silver 
mines of the ite Pine district occur in Devonian rocks, though 

the Carboniferous is ade well developed there. The Devonian 

at appe 
belong to the oe of the oon Helderberg limestone of the 
New York se seri 

esting fresh-water Saciehinad Setusit, 
ally, and some generically, from all the other Tertiary fossils yet 
brought from =~ far west. Two of the species belong to the ex- 
isting California genus Carinifex, or some closely allied group, 
while — heal sculptured species was thought, by 3 
Tryon whom I sent a specimen of it, to be possibly a sone 
dpa: and allied to existing Asiatic forms. 

t is an interesting fact, that among all of our fresh-water Ter- 
tiary shells from this distant internal part of the a nei- 
ther the beaks of the bivalves, nor the apices of the spire 
univalves, is ever in the slight test de egree eroded; even iis most 

rin, 
Pertiary epoch, were nas or less alkaline, as is the case with many 
of those there at the present day. 

hese descriptions, as well as others that I expect to send you 
Soon, are merely preliminary and will be re-written, and ge 
with full — now in course of sy elon 
— rt of sgl 
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stance, at first supposed to be a stone or piece of wood imbedded 
in the earth; but upon digging farther, it was discovered to be 
the remains of a mastodon, 

ne bones were in a fair state of preservation, and exhibited a 
dark, spongy, porous appearance. One of the tusks, which was 
bro oving it from i 
when aan seer, nearly ten feet in _—— and twenty nine inches 

and the main portion of the ea rie are now being lifted from the 
tithy and will probably be added to the collection of fossils now 
being made by our state Geologist, Professor Worthen 
: The part of this huge creature which was exhibited i in our office 

a 
ference. It contained, in a fine state of preservation, one of the 
great jaw-teeth.— Daily State hr of Springfield, LIttinois, 
Sept. 7. Received from C. L. 

4. Description of the Cavern alesiaetinal, and its organic Con- 
tents ; by Professor OwEN. Part I, Human and Equine Remains. 55 : : 

brain corresponds that of uneducated Europeans of Celtic 
origin, Sea exceeds ies of the average Ausinelian aboriginals.” 

Some of the bones accompanying the human remains—those of 
r 

1g 
dranghtsmen “A the cave-dwelling people, we thus learn that the 
horse of the era, Hguus spelcus, had short pointed ears, and that 
the stallions ‘ad beard-like hairs; and from the antler of a rein- 
deer, found in another cavern, that of La Madelaine, in Dordogne, 
we have the additional fact that the tails of these early horses 
were short and furnished with long hairs to their base, having 
“cauda undique setosa,” instead of “ — extremitate ‘setosa,” 
a fact repeated seven times on the antle e horse is of the 

she ee to ane sheer ge nus Eguus, es not to that womgnd 

P. 
“No sitiatactory evidence of an aboriginal feral Hguus caballus 

has ae been obtained by the Naturalist. No a of such 
exists in any Museum. The dou bts expres <1 aap bd Forster and 
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ent paper to be the best, if not sole, evidences of the wild origi- 
nals of some of our domesticated breeds. Like i alleged wild 
horses of Prussia, those Aquitaine, in the of the fiint- 
armed hunters and sexo duellers, were doubtless “ “a and difficult 
of capture, but very good venison 

‘3 ove memoir is followed by another, under the same cove 
caer Supplementary Kemains of Eq yuines Srom = mi al pe 
South America r WD. s tau Ow., 
and cum areidens Ow. vin this: paper Professor pen ie sides dis. 
cussing the characters of the different kinds of fossil horse in the 
regions referred to, treats of their relations to the extinct genera 
Macrauchenia, Nesodon, and Toxodon, and illustrates the subject 
with numerous figures on six lithographic plates. He observes. 
that according to the ote made out, the most ancient Equines ot 
the South American continent present modifications of the wide 
molars, and more especially of the lower molars, which suppl 
additional link between the Equines with ot ther verbinadantyis 
Ungulates, ~ the phe including Toxodon and the other genera 
above mentio 

5. The ‘North American Lakes as Chronometers of Post-glacial 
time.—Dr. E. ANDrEws, the author of this paper, noticed at p. 264 
of this volume, sta - ,in a recent letter, that his method of calcu- 
lation eliminates the error alluded to in the notice, due to the 
wearing away of the sands. He says that in the calculation, “ the 

ascertaining the age of its cotemporary terrace = ero 

to error from attrition of sand. The age of the cs beaches is 

oeaecas 
6. Descriptions of new Fossil Shells of the Upper Amazon; by 

T. A. —— (Am. J. of Conch., Oct. 10, 1870).—Mr, Conrad 
describes several species of shells from the deposit at Paar: on 
the Amnon, visited by Prof. — (see p. 294 of this sei 

misin 
Bulimus is the only jana shell in the saileation: “The aeons 
Be have lived either i in fre. h or prncich'yntor: but are certainly 

e origin.” sciea appear to be all ‘extinct, and if so, 

it by admirable roreetter He does not a 
Seeley with — to the relations of Pterosaurs to Birds. 

aes eet ee aes 
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Remarks on Prof. Owen’s Monograph on Porte don; b 
i, e. SEELEY, F.G.S., (from the Ann. Mag. Nat. Hist., Aug., 1 i870. 
24 pp.)—Mr. Secley in this aa ss his siacsions to the 
views of Prof. Owen on the Dim odon 

b 
VaLirien pE Méiier. 1869. Scale oo =A beautiful taxon 
——— chart of the seen or European slope ot the Urals. 

cond Annual Report upon the Geology = Mineralogy 
se the stat of New Hampshire ; by C. H. Hrrcucocr, Prof. Geol. 

n Dartmouth College. 38 pp. 8vo. Mie teats N. H. 

Ill. BOTANY AND ZOOLOGY. 

Martius, Flora mien fase. xlix, — et Poly- 
podiaec Expos suit J, G. Bakur.—The other suborders 

worked up by J. W. Starn and were published in 1859, To 

some ot untries, and five more not yet reported from Brazil, 
but likely to be found there. Mr. Baker seems to diminish the 
number of species at every step; ; many that were recognized in the 
“Synopsis” being reduced to synouyms in the work now under 
consideration. For instance, Lomaria J Herminieri and JZ. 

made into one species. So, too, Blechnum Fendleri is joined to B. 
a and a Polgpadinn (Phegopteris) rigidum to aA 

u 

large 
Mr. Wright’s New Mexican 3 825, 4 is said to be 

P. sagittata and P. : 
cordata; P 

; sa ne 

specimens of P. pulchella, | and Pellea giabella rests upon St. Louis and 
specimens of P. atrepwrpurea, with an unusually glabrous gp iag and 
Am. Jour. Sct—Srconp Sertss, Vou. L, No. 150.—Nov., 

Pre 
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search have unearthed a few long buried and forgotten names for 
well known ferns :—Prteris nA Raddi (1825) was found 
by Dr. Kuhn to be the same as Pohliana of Presl. (1822), 
and now we must go back ek dee sade more to Pteris eoncolor 
Langsdorff and Fisher Aunt Can any one find a yet more an- 
cient name for it? It is gratifying to see, in a note, that the Afri- 
can Cheilanthes Kirkii is now confessed to be e probably an adian- 
topsoid variety of this same species, the only difference being in 
the interrupted instead of continuous involucre. 

Synonymy given by Mr. Baker is — without being profuse : 
the characters are well drawn up, and the descriptions clear. 

re are several pages of letter press devoted to the geographical 
distribution of Brazilian Cytheacee and Polypodiacee. If the 
seme elaborated by Dr. Sr could have been included in the 

and 

Oxford pitts is the theme of a discourse moan ey 
Prof. Lawson,—the successor in the professorial chair of the 
worthies he commemorates,—at the recent Con ngress held at Ox- 
ford fe the Royal Horticultural ng The history begins 

first curator. y of Dr. 
ae mpi in 1669; of his successor, Toot Bobart, Hist 

, or ee Sherwood” who e-endowed the chit, 

of Dr. Hu : 
tinguished son, Dr. John Sibthorp, who succeeded his father in 
1784, and died at the age of 38 in 1796, bequeathing new endow- 
ments and the foundation of the associated chair of Rural coer Y 
after ee ae for the Sid ts gina of the sumptuous Flora 
His success ; i 
tice of the sas es incumbent and patron, Dr. Daubeny, brings down 
the history to the present time. 
Dr. ors who has long been stud fad the Vorinelynac’, 

the Aehipttag 0, with occasional genera and species of other parts 
of the world; an octavo of 182 pages, piblished at Vienna. en 
in this partial re representation of the order over eke Eeaere * are ad- 

of Dr. Hasskarl’s _ 

Society, Nos Be 55, aon to- 
in Septem oer ‘ia poe year. The hes d the most import- 

the longest, article is 

a aa 
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A Revision of the Genera and Species of Herbaceous Capsular 
Gamophyllous Liliacee, by J. G. Baxxr, F.LS., &e. The ad- 
jectives here employed ‘distinctly limit the porti ons of oe great 
Liliaceous family, to which Mr. Baker here devotes himse at 
he intends to go through the order in this way seems cae 

bl reati itati 

universally regarded as of ordinal value, in the extrorse anthers, 
separated styles and septicidally dehiscent capsules of Colehi- 
cacew,” apparently under the impression that these characters and 

blend, may upon consideration show that so complete a separation 
is ee practicable; a ndee the atte - 

noticed, long ago, by Dr. Chapman), for its anthers are extrorsely 
attached although slightly introrsely dehiscent. J a“ is in 
Same case, while Zrilliwn is nearly asin Uvularia. Mr, Baker 
brings the plants he deals with under 27 genera, including our Hes- 
perocallis, which had escaped notice when the Clavis was printed. ie 

the m nd close 
atnight. This is on the authority of Mr. Schott, a proves to ene 
been the first discoverer of the plant. Moreover, which is o 
consequence, he collected and has supplied us with the “bulb. ” It 
really is a tunicated bulb ; and so the genus falls out of the tribe 
Hemerocallidee, and seemingly into Mr. Baker’s Odontostemone, 
- which we would like to have Mr. Baker substitute the name of 

ocallé Ce. further interest in this re as 
N, n Botany, centers in Brodieva and its allies. In this 
enus he (as w ooker, in Pos io ains the remarka- 

oortia. 
by the late Mr. Lobb ; and he follows atic: 2a Wh cle 
suggested by reducing Torrey’s ton likewise to Brodiva. 
On the other hand he pe eee from Bentham’s view, and refers all 
the hexandrous ne and oa sup justly, to 
swallows up Triteleia, C even Hesperose 

4 
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latter name is accidentally printed Hesperocordium m the auten 
tus; and further on, Hesperoscordium. ‘The latter is ieee 
intended (and a laudab le) innovation, a it is hard t 6 pronouhes 
the original name, as must needs be, with the accent on the penult. 

mn the shi dese of Bengal, b me B, Clarke; another pa- 

f 
watted there from the shveisrtea side byt the Gulfstream and the 

ican current. The principal interest to us is in the following 
statement :— 

cotyledons, roots, and terminal bud, quite fresh ; small fruits par- 
tially decayed, evidently eneueeded legumes ; intermixed were 
various microscopical crustacea, and a common oceanic insect, one 

of the Hydrodromidew, genus Halobates ; on some of the pieces of 
drift wood were numerous elliptical ova, of a deep orange ooh, 
mixed with which was growing the smallest of the three Algw 
now eS te described.” 

be tried with single ieaved fearsits of leaf-stalk. Duchartre 1 made 
a portion of his experiments with epiphytes, both Orchids a 
Bromeliacew, and concluded that the same applied to the sista 
roots as well as the foliage. There was no gain in weight except 
when liquid water reached the leaves, — or other “tein ba of 
e surface, when Poe Ate ek = hha tly indicated by increase 

in weight: and it appeared th absorption of liquid water 
hardly took place by the “ata sass these were immersed or 
po eae and thoroughly wet. This again corresponds with some 

experiments which went to show Shae syringed foliage did 

—" se i 

Bee ee TE TOT NTR a 
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not absorb the liquid. As to aqueous vapor, there being free 
communication by the stomata between the air outside of the leaf 
and that w se ok intercellular spaces and passages, and the thin 

t 
continue so to absorb aqueous vapor, they ought to condense or 
appropriate it, Baie with carbonic acid gas, and so increase mani- 
festly in wei 

n Tec Course of Botany, Structural, Physiological and 
Systematic, by the late Prof. Henfrey, which was originally pub- 
lished (by Van Voorst) in 1857, is this year reproduced in a second 
edition, “revised and in part rewritten” by Dr. Max well T. Mas- 

&e. EF. ? 

man, was a ‘sad loss to physiological botany i in Great Britain 
a oa anatomist he was becoming truly eminent. Our pid 
mate of the value of this, his last work—on the whole very fa- 
vorable—was recorded at the time in a somewhat extended review 
ia it in the number of this Journal for November, 1857 (vol. xxiv, 

pein.) 
reparation of a second edition could hardly have been con- 

signed to better hands than those of Dr. Masters, who has evinced 

well ada sies to tee eg tg up as the time, and to render it a 
valuable text-book, But we are bound to maintain that it might 
ave been more thoroughly “revised and rewritten” to great “ag 

edition. The sole alteration is in ie statement which attributed 

axillary tendrils to the Vine. We do not include some criticisms 

of another order, relating to mere theceeia points, upon which 
views which have long prevailed are retained ;—such, for instance, 
as that which unquestioningly regards the so-called radicle of the 
embryo as root, although in one part of the work its nature as 
h yledonary stem is im ied . a peed instance. That 



430 Scientific Intelligence. 

2. Anat tomisch-Systematische Beschreibung der pend 5 oh 
Erste Abtheilung ; die Pennatuliden, erste Hialfte, von A. 
LIKER. Quarto, with ten plates. Frankfort, 1870.—There wee 
very few ered, in the animal ki ngdom which have been more 

and othe. Bit 4 in Y this work Prof, Kélliker has undertaken a 
complete revision, both anatomical a descriptive, of the see 
group, and in the part already ghee ora added a great num- 
ber of new and interesting forms. His work is of greater steed 
from the fact that he has besa able to examine the collections in 
nearly all the principal museums of Europe, oe the types of 
most er ie wri 

atomical desriptions of the genera: Preroei ides, Godeffroyia (nov.), 
Sarcophyllum, Pennatula, Leiopit um, Ptilosarcus and Halisce ep- 
trum, and their included species, of which a large proportion are 
admirably ‘Mhictrnted. In the genus Pteroeides 43 species are de- 
scribed, of which 29 are regarded as new, although a few of them 

if 
niéem rary work of Richiardi, (we have not learned the precise 

Site of either). Numerous varieties of some of the species are 
named and carefully described. The polymorphic forms of 

the a ae fa in all the genera and species are thoroughly discussed 
Berwmste % is the classification bp ay 

Tribe, Pennatute® ; Second Tribe, Renmiacex; Third 
Tsibe oy butik: 

Trine, PENNATULE®. 
Ist Family, Penniror 
lst Subfamily, PrerorDin®, on genera Pieroeides — 

Herkl., A SP he Koll. , Sarcophyllum K 
and Sub-family, Pennatuuin.s, Gtitiaig Pennatula L., Letop- 

tillum Sa Prilosarcus Gray, Halisceptrum Herkl. 
, Vircutartres, including Virgularia Lam., Styla- 

tula Vert, avonaria Koll. : yea. Herkl., Funiculina som “ 
ag day teris Koll. 

Ania; by 8vo, 85 oat 
fe oe Comectiont Ba rd of A iculture), fHastford, 

ier. — of this work is devoted to the external para- 
sites and ws Bg ag rol of the various species of fleas, lice, 
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ticks, bot-flies, bed-bugs, mites, and acari, often troublesome to our 
domestic animals, as well as to man himself, ‘together with ac- 
counts of their hebits, effects, and remedies. Several pages are 
also devoted to introductory remarks on the structure of insects 
and their Classifiesti tion. 

Te Ue 
coma of man, shomaies ; the Fuse is Mentions or liver-fluke 
of sheep and cattle; the yin ngamus trachea or gape-worm of 
chickens, an an many others of importance. 

nm the Eared Seals ( Ot oe any detailed descriptions of 
the North Paci species; by J. A. Auten. Together with an ac- 
= of the rod bits of the Northern Fur Seal (Callorhinus ursi- 

gS Bryant. 108 pp. 8vo, with three plates. From 
tlie Bulletin of | the Museum of Comparative per vol. ii, no, 1, 
Cambridge, Mass., August, 1870. oe is a very interes sting and 
important contribution to our knowledge of the seals of the Pacific 
and Southern oceans. It includes a résumé of the recent literature 

a ni 
variations due to age and sex, etc., and a conspectus of the genera 
and species; detailed ees ns of Humetopias Si }. Peters, 
based on two perfect skins and two ligamentary pay ne: ; of Za 
phus Gillespii Gill, based on two skulls: and of Callorhinus ursi- 

habits of the last rb gor — ry a of the islands that they 
oe = get a Much in ss some of it 

so given ea ane vari concerning the 
habite of this and the other i “The geographical distribu- 
tion = the family is also discussed on page 

e plates and several wood-cuts are ene chiefly to Pos 
skulls and teeth. 

5. aes of American Entomoloy for the year 1869. Edited 
tony S. Packarp, Jr, M.D. Naturalist’s Book Agency, Salem, 

—This, like the Record for r 1868, is a work that should be in 
the | hands of every entomologist who hopes to keep up with the 

Pie is here stated that he ne Toa et enearaterges tomate 
quite reaches the tropics,” but Otaria 
Museum labeled as from “ slog - 

rectness of the locality. I ar ae oe that in the cage of Yale College there is a 
adult of the sam uk: oD - 

ther north, at Zorritos, Pera ‘Giant, lat. 5° 8.) whine ‘the marine fauna is emi- 
nently tropical and nearly identical with that of Panama.—. v. 



432 Scientific Intelligence. 

— of the science. It contains references to the writings of 
fifty-two authors, with indications of the species referred to, in- 
cluding 335 dese ribed during the year as new, in American works. 

6. otenie sweraetes Symmetry, with special reference to the Mus- 
cles of the Limbs; by Exxiorr Covrs, A.M., M.D., Ph.D.—Dr. 
Coues takes up the idea, well illustrated by Dr. Jeffries Wyman, 
of antero-posterior polarity i in the animal system, and points out 
the facts sustaining it in the Muscles of imbs. His valuable 
discussion of the subject runs through the several recent numbers 

of “ The Medical Record,” (published in Bisons York), from June 1 
to September 1 ; icle v, in the series, is contained in the last 
mentioned number 

¢ Hypothesis * spar a Epwarp D. Cop 

on the aber of ced antag in animal life, and presents some 
original views. The subject is too large a one for discussion in 
this place 

IV. ASTRONOMY. 

Elements of the new planet Ate; by Dr. OC. H. F. Perms. 
Ga by the author in a letter dated. Litchfield Observ- 
atory of Hamilton College, Clinton, N. Y., October 23d, 1870.— 
The following elements of the planet Ate (111) were derived from 
ghar le..9 of 18 days, viz: from observations of Aug. 14, Sept. 1 
and 19 :— 

Epoch: i a moat oe 7 - Berlin mean time. 
Mo= 208° 17’ 2 
es Ho 53 

Q = 306 26 28-4 } Mean Equ. 1870-0. 
$e. 6 «de BLS 
@ == » 6-49-1006 

858'"392 
log a = 0°4108808. 

They iy ea an observation obtained last night still within a 
few seconds, 

Vv. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 

n the Chemistry of the Bessemer process.—The following 
= an cei of the paper on the Chemistry of the Bessemer pro- 
cess, read before the American Association for the rap a en 

ieut. C. E. Dutton 

po then the each: next t manganese and suighs ur, and 
lastly, the carbon. Chemically, edhe | is nothing new in the  Bes- 
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familiar vena aed “ process itecle was then ce de- 

This iron is melted in a cupola furnace, run converter— 
a charge beans 12,000 pounds—and the blast turned on. “The first 
change is in the oxydation of iron and silicon. The silicon be- 
comes silioia acid and enough of the iron oxydizes to satisfy the 
affinities of the acid and does not decompose during the remain- 

carbon,—that is, as compared with that derived from the silicon. 
* * * ‘The heat generated by the — burning to silicic acid 
will be found by the application of the coefficients and formule 
of the mechanical theory of heat, to be oad two and one-half to 
three times greater than that generated by the burning of the 
carbon to carbonic oxyd. Another circumstance of importance is 
that the silicic acid remains as a dense fluid in the converter, no 
part of its heat being lost, ex 20 thes as is carried out of the 

a- 

tent by converting it cers ae le the carbon i is vaporized, a 
physio! change Sa much heat, and the vapor thus formed 
is carried the converter at a very high temperature. Hence 
will be seen the necessity of employing irons containing high per- 
centages of silicon. At least two per cent of this element is essen- 
be any less quantity being BS OR t to generate heat enough 

pooh: process. It is often assert aa that irons for Bessemer con- 
version must be ‘gray irons,’ as they are called; i. e., irons rich in 
carbon. Now, although this happens as a rule, to e true eno ugh, 
it is apt to lead to misapprehension. The fact that Bessemer pig 
irons are carbonized varieties is an accident, and n 

t What is essential is that it should ni ; large quan- 
tity of silicon, and very little—indeed, the least possible—of sul- 

tain a high percentage of carbon, as all smelters are aware, is 
fact is a feature of the blast-furnace, and almost without excep- 
tion. If an iron . could be ep with much silicon, a little car- 
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the steel-maker,”’— fifteen-thousandths of one per cent ruining 
Bessemer metal past all remedy,—Lieut. Dutton vere “T have 
already ventured the opinion that phosphorus increases its affinity 
for iron with every increase of heat; at least relatively if not ab- 
solutely. The fact seems to be, absolute tely. If we accept it, we 
can instantly explain what seem, otherwise, to be many anoma- 
lies and contradictions. It will explain to us why, in the great 
heat of the blast-furnace, it leaves every other combination and 
enters the iron; why, in the much lower heat of the puddling fur- 
nace it seems to waver between staying with the iron, or formin 

a of them formidable Ist. That a minute quantity of phosphorus 

into the blast-furnace, as fuel, flux, or ore, are almost wholly con- 
centrated in the resulting pig-iron ; and 3 at no portion Is 
eliminated in the Bessemer cou ii e sudden change of the 

with which they combi us oxygen and hydrogen cannot 
combine explosively unless their proportions lie within certain 
definite and rather narrow limits. Ma the same law ge 

semer with other metal, and a discussion of the uses ¢ which 
oe metal is most valuable. F. B. 

rthquake of October 20th, 1870.—On Thursda aor 
Oct, 20th, an earthquake vibration was felt throu pont Canada, 
and the northern part of the United States from Mai 
It seems to have been more severe in Canada and in New England. 

many places the shock was sufficient to throw down chimnies, 
erack the walls of buildings, and do other damage. It was re 
markably severe for the region of country visited. 
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At New Haven, as well as in et other places, there were two 
distinct series of vibrations. Prof, T wining has carefully collected 
information from several persons as to the time of the occurrence 
and duration of the vibrations. The beginning of the first shock 
was at 11" 19" 45° a. uu New Haven mean time. It lasted ten 
seconds, and its individual vibrations were about two-thirds of a 
second i duration, or one and one-third second for a complete 
double vibrati er an interval of five seconds there was 
a second series like the first, lasting eleven seco 
The motion was not a simple oscillation but oni was a rocking 

cogni zing the cause. The direction of the vibration was N.N.E. 
and 8.8, 

At Cam mbridge, Mass., eshte: to Prof. Winlock, the direetion 
was about 10° north of e , as determined by the appearance of 
the sides of a vessel sakenieg mi 

r. Farmer, at Boston, gives 115 25 378 ee the — of the 
ending of the eivestions, Cambridge mean tim woul 
imply that the —_ reached Boston a minute ic thtoedonsthas 
earlier than New Haven. 

At Cleveland, sae several clocks were — by the earth- 
quake, each indicat ing very nearly 10° 45™ a.m. This is approxi- 
mately the instant at which the shock vented New 
It is reported that the shock reached Quebec 30 ieenda before 

it did Montreal, the telegraph operator of the former city being in 
the act of inquiring of the operator in the latter one respecting 
the earthquake when it arrived at Montreal. "These ta seem to 
show that the general progress of the wave was from North to 
Sou th. 

Slight vibrations were es as far south as Richmond, Va., and ght 
as far west as Dubuque, low H. A. N, 

3. Kansas Natural "Histor Society —(From the Secretary of 

rof. 
J. H. Carruth, of Lawrence. The catalogue contains about 500 
2 sa ge being added by members of the association. “On the 

hes of the Kansas River, as observed at Lows! by Prof. 
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F. H. Snow, of Lawrence. This Depers describes 27 species of fish. 
“On the Internal Heat of the Earth,” by Rev. John D. Parker, of 
Burlington. “On a Comparison of the Coals of Kansas with other 
Western Coals,” by Prof. Wm. H. Saunders, M.D., of Lawrence. 
“On the Saurian Formation and Moss Agate of Ka ansas, ” by Prof. 
B. F. Mudge, of Manhattan. Prof. Mudge fis cane! to the Soci- 
ety some fine specimens gathered during his recent visit to the 

: n. John Frase 
President; B. F. Mudge, Vice 4 age John D, Parker, Secre- 
tary and Librarian ; Frank now, Treasurer; B, F. Mudge and 
F. H. Snow , Curators Curators of Departments: B, F. Mudge, 
Geology ; FH.S Snow, Entomology; Wm. H. Saunders, Chemis- 
try; John D. Parker, oan? be J. H. Carruth, Botan mi 

see si 

* Spceno onites,” read “ Sphwronites ;” page 228, in the 5th line, for 
“Miller,” read Miller ;” page 230, in the 17th line for “ ovo-anal,” 
read “oro-anal;” in page 232 , for “ Crinoidea,” read “ paleozoic 
Crinoidea;” and in page 233, 11th line, for «“ interradial,” read 
“internal.” I des 0 to express my obligations to Prof, Alex- 
ander Winchell, State ' Geologist of Michigan, and to Mr. Charles 
Wachsmuth of Burli ington, lowa, for their kind assistance in lend- 
ing me a large number of beautifully preserved specimens. 

E. BILLINGS. 
OBITUARY. 

Capr. JAMES PEDERSEN, whose name is associated with numer- 
ous new and rare species of corals, echinoderms, shells, etc., de- 
scribed in this Journal and — where, as well as with the very 
extensive collections which he has eetsiivaeh to the Museum cf 

ege, and of hie portions have beeect distributed to 
many other Museums, both in this country and in Europe, died in 
San Francisco, Aug. 19th. He was born at prterae sai Norway, 
prised 24th, 1811. His father, Sars Pedersen, and his ancestors 
or 

and Copenhagen, and aby his visits to the ce heeled: museums ap 
galleries of the latter city, he acquired a taste for the rare and 
curious in nature and art, which in later years led him to become 
an enthusiastic and intelligent collector of objects of Natural 
History. In 1828-9 he studied navigation and took his diploma, 

and since then has spent most of his ue in various 8 of the 
Pacific and Indian Oceans, being for some time on the South 
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whence he sent the extensive zodlogical collections which adorn 
the Museum of Yale College. These collections are no doubt the 
largest that have ever been made in the Gulf of California, and 
when fully described will add greatly to the knowledge of that 
rich fauna. He was obliged to leave La Paz last t December, on 
account of failing health and the excessive heat, but after his 
arrival in San Frane cisco, was still min of the interests of 
science, and Joni lon to send valuable collections as often as he 

Probe roughly temperate, Christian man, who 
hen done much in his austeasie way, to ween science. His collec- 
tions will be an enduring monument to his memory. 

r. W. A. Minter, the author of “ Miller’s 5 Bleiients of Chem 
istry,” and of various memoirs on chemical subjects published 
in te Philosophical Transactions and ae died at Liver- 
pool, of apoplexy, on the 30th of Septem He 
at Ipswich in December, athe In 1861 he was a eleotid Treasurer 
of the Royal Society. He o cupied for some years the office of 
President of the Chemical Sodiety. and was one of the assayers to 
the ny al Mint. 

. Marraetssen, a chemist of high promise, and one of the 
sean of ths "Tniversity of London, died recently, in his 39th 
year. 

VI. MISCELLANEOUS BIBLIOGRAPHY. 

1. Transactions of the Connecticut Academy of Arts and 
ig sce Vol. Il, Part I. New Haven, August, 1870. 210 pp. 8vo, 

1 i is i 

in 1867, by Sidney L Smith; On the Geology of the New Haven 
Region, with special 5 cae to the origin of some of its topo- 
graphical features, by James D. Dana; Notes on American Crus- 
tacea, No. 1, Ooypodoidea, by 8. § Smith; On some alleged 
specimens of Indian Onomato wia, by J. H. Trumbull; On the 
Molluscan fauna of the later Tertiary of Peru, by E. T. Nelson. 
Several of these papers have already been noticed when the 

its relations to that of the existing faune of the same coast. and 
of the Atlantic coast, thus aiding in solving the question of a 

ection, more o r less ancient, between the two oceans across 
Ne Isthmus. In this aper numerous new §) are described 
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2. A Treatise on Elementary Geometry ; by Pro ILLIAM 
Cuavvenet. Lippincott & Co., Philadelphia.—The reputation of 
Prof. Chauvenet in science, and the knowledge of his experience 
as a teacher, —_ draw peculiar attention to ‘this work upon Ele- 
mentary Geo 

In the ham of demonstration Prof. Chauvenet resembles 

He uses the reductio ad absurdum rarely, and the various modes 
of superposition quite extensively. In his treatment of ratios he 
uses algebraic symbols. The difficulties of incommensurable ratios 

introduces the idea of loci earl y in the first Book. To symmetri- 
cal figures he gives specie! place an end importance. He adds two 

8 a preparation for the — of the theory of transversals and 
other branches of modern Geometry, the introduction of algebraic 
symbols 

r lgebra nd, 
it implicitly uses the roots of quadratic equations, ical and imagi- 
* 
a the other hand, the use of algebraic symbols in elementary 
ometry, has, we believe ,« ar The statement of the 
“" of the syllogism i is not so lucid. 

sit our idea of a good geometry than any other — text- 
N. 

Grundztige einer allgemeinen Theorie = Oberfldchen in syn- 
Wetionhor Behandlung ; von Lupwia Cremona. ‘Translated — 
German by M. Curtze. Berlin, 1870. (S. Catvary & in )—Thi 
volume is ostensibly a translation of the memoirs of th San 
guished Italian Geometer, but it is in fact much more. ” Rather 
more than half of the volume is ae wanes added by Prof. Cre- 
mona, or under his supervision. 

The work is an extension to surfaces of Prof. Cremona’s method 
of dealing with plane curves, as shown in his memoir published 
by the Bologna Academ: my, Introduzione ad una teoria geometrica 
delle curve piane. This important work had samicignley been trans- 
lated by M. Curtze into German. 
e — =  cemcpmacni render Cremona’s im t contri- 

tions to pure Geon uch more accessible they are in 
the eign Thaliean g ae ie N. 

= 
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4, A historical and descriptive saratien of the Mammoth Cave 
of Kentucky, including explanations of the causes ag an in 
its formation, its Atmospheric con sean its Chemistry, Geology, 
ge etc. ; with full scientific details ‘of the a Fishes ; by 

U oRWOOD, M. 225 12mo, with illustrations. 
Philadelphia, 1870, (J. B. Lippincott & Co.)—All future visitors 
to the Mammoth Cave will have occasion to thank Dr. Norwood 

several interior views cave ich give some idea of the 
ers within, although a very inadequate one ould be 

supplemented by a good map of the extensive windings of the 

and mazes of the Mammoth Cave at over one hundred and fifty 
miles. n instrumental survey would probably shorten this 
assumed distance, but we know from our own wanderings in it 
that its extent is immense. The chapter on ee eyeless — is 
made up mostly from the writings of Agassiz and Wyman, and 
presents the facts on the subject in an a mn well pi mc 
to ier 0 and interest the general reader 

5. Tent life in Siberia, and Ad: dventures among the Koraks 
and other Tribes in Northern Kamtchatka and Northern Asia 
by Grorce Kinnan. 425 pp. 12mo, with a map. New York, 
1870. (G. P. Putnam & Sons, London ; 8. Low, Son and Marston). 
—A very readable and instructive narrative of travel in a little 
known region of the globe, is this neat volume of Mr. Kinnan’s. 
The costly and disastrous enterprise of the Western Union Tele- 

d full 
perusal, and is obviously the work of a nal observer and careful 
historian, who is never tedious, and has the agreeable art of carry- 

with 
6. ort of the ‘Suaicrtonenilend of the U. S. Coast fot, 

rig the a toas of the ewe, during the year ine 

“— Territory, by G. Davidson; obituary of Alexander Bache. 
Treatise on the power of Water as a gps to drive Flour 

J Turbines and other Hydrostatic a to oe en 
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rt gines ; by Josepu Grynn, F.R.S., member of the Institute of ; 
vil Engineers of London, ete. 3d ed., revised and enlarged. 

16 pp. 12mo, with numerous illustrations. New York, 1369. 
(D. Van Nostrand). —This is a popular and practical treatise on 

‘water as a motive power. It is simple in its explanations and — 
mathematics, and is well illustrated. 

8. Archives of Science and Transactions of the shome be 
Sitio of Natural Sciences.—This first number of the h- 
ves of a new Natural History Society, at Newport, Voonoet 
coetail the following papers: On — eer and customs of 

Indian History of Northern Vermont, - Wm. W. Gronk Esq. ; 
Meteorological register, by J. ah Currier; on a new mounting for 
microscopic objects, H. A. Cut 

The American Ent seer and Botanist.—This St. Louis 

Journal will be stiayioudled during the year 1871, to be resumed 
“= the commencement of the following year 

0. Geology and Revelation, or the Ancient History of the Earth, 
Sinedbaeds in the light of Geological Jacts and Revealed religion, 
with illustrations; by the Rev. GeraLp Motxoy, D.D., Prof. Theol. 
Roy. Coll. = Patrick, Maynooth. 380 pp. 12mo. New York, 1870. 
G. P. Putnam & Sons.)—A handsome American edition of the 

excellent vote’ noticed at page 151 of this volume. 
Zeitschrift der genera a Gesellschaft onl Meena? redigirt yon Dr. 

C. Jelinck und Dr. J. Hann. 4th volume. eg 
Results of Astronomical and Meteorological i Goecanibela made at the Radcliffe 

Poa Sa Oxford, in the year 1867, under the superintendence of Rey. Robert 
i |, Radcliffe observ Vol. 

The Portable Transit Instrument in the Vertical of the Pole Star; translated 
from the original memoir of” bediae Déllen, by ee Abbe, Director of the Cin- 
—— Observatory. ‘48 pp. Washington, 
‘ —- Re ont of the aia (C. Abbe) of the: on dion Observatory. 20 pp. 
vo. soa 
Catalogue = ame — recent and fossil, of the Family Marginellide; by 

John H. Redfield. 56 p From the Annals of the Lye. Nat. Hist. New York. 
Catalogue © of the Bids Ms (Gents Oe N. Y.; by W. H. Gregg, M.D. 14 pp. 

8vo. Elmira, N. Y. m the Proceedings of the Elmira Academy of Sciences. 

Chase. 
ProcvEpines AcaDEMy Nat. Sci. PamapEnpuia, No. 2, 1870.—p. 65, Anom- 

alous organs of generation in ae J. gists ons 3 65, Fossil Rhinoceros ; 
I mmalian on H: urus J. Leidy.—p. 66, Remarks on som ins, and adrosaurus and 

: Leidy.—p. 70, Pooul fiahee tent Soe eae 73, 
Fossil Ruminant . Leidy. Crain: Wf ie Owl T. H. Streets.—p. 74, 
New Saurian; J. Leidy.- “Description of Grasshoppers from Colorado; 0. Thome 
—p. 84, Huxley’s Classification of Birds; 7 H. Streets.—p. 89, A m oe aes: 
J. Leidy.—p. ). 92, New Fishes from the Upper Amazon and Napo rivers; oT Gill 
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