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I. On the Diffraction of an Annular Aperture. By GeoRrGE 
Bippewt Airy, Esg., M.A., F.R.S., Astronomer Royal. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 

HAD no wish to make a communication to you which 
should assume the form of a discussion with Mr. Potter, 

and I proposed, therefore, in adverting to the subject to which 
Mr. Potter has alluded in your Number of October last, ra- 
ther to add something to the investigation of a point which has 
perhaps been passed over too lightly by writers on the Undu- 
latory Theory, than to employ myself specially in indicating 
what I consider to be the failing steps in Mr. Potter’s reason- 
ing. The calculations necessary for the first of these objects 
were troublesome, and (with the little leisure that I can com- 
mand) occupied a considerable time. Having, however, finished 
these, I was preparing to address you when I saw Mr. Tovey’s 
paper in your Number for December. I am most happy to 
find that the very clear explanation given by Mr. Tovey has 
delivered me from the necessity of remarking on the reasoning 
in Mr. Potter’s paper, and I shall now proceed with my sup- 
plementary investigation as an attempt at the extension of the 
received theory. 
Prosiem.—A plane wave, whose exterior boundary is cir- 

cular, is interrupted in its course by a circular plate, whose 
plane is parallel to the front of the wave, and whose centre 
coincides with the centre of the wave-boundary: itis required 
to find the intensity of light at any point near the line which 
is normal to the plate at its centre. 

Let a be the radius of the plate, ) the radius of the bound- 
Phil. Mag. S, 3. Vol. 18. No. 114. Jan. 1841. 
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ary of the wave, / the distance of the point from the circular 
plate, c the distance of the point from the normal line. From 
the point draw a normal to the plate: the distance of the foot 
of this normal from the centre of the plate will evidently = c. 
Take the foot of the normal as the origin of polar coordinates 
for the front of the wave: suppose the whole front of the wave 
divided into truncated sectors by radii drawn from the foot of 
the normal: let the angles made by two of these with the line 
joining the centre of the plate with the foot of the normal be 
6 and @ + 84: and let the small truncated sector included be- 
tween these be divided into small parts by arcs of circles de- 
scribed with the origin as centre: let the radii of two of these 
arcs be r and x + 87. The area included between these two 
ares is ultimately = 786 x 827 = 88 x 787, and the distance 
of this area from the point in question is ultimately = / (h?+7°). 
If then the amplitude of the vibration which it excites at the 
point in question be a function of its distance, but independent 
or nearly independent of the angle which the line of distance 
makes with the front of the wave, the amplitude of the vibra- 
tion produced by the small area @6 x r@r will be represented 

by 86x O(V2R2 +7) x 1dr, 

and the phase being = {vt —Vh + Ph, theabsolute dis- 

turbance in the ether at the point in question, produced by 
the small area 64 x 787, at the time ¢, will be represented by 

86x o (VIE + 7?) “Por x sin ae 

a gy 2 EPS singly ¢ (V2? +7) . cos <7 VIFF. r Br 

RIES a CR 
cosa x 06x o(VM+P). sin VIP +98 7dr 

And these expressions are now to be integrated with respect 
to r; then the limits of 7, defined by the intersection of the 
eccentric radius with the circumferences of the two circles 
(and therefore functions of §) are to be substituted, and then 
the whole is to be integrated with respect to 4. 

The expressions involving r cannot be integrated in a finite 
form so long as the general symbol is retained for the func- 
tion. If, however, we expand it in the form 

{is (VFFR- Db =o) 49M) 

+ 4" (h) Sa et bis I)" + &e. 

Vie +P —h 
1 

they may always be integrated. 
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We shall, however, at present confine our attention to the 
shee 1 

case where 4 (“/2 + 72) may be represented by VP a 

The disturbance of ether produced by the small area 84 xrér 
at the point in question, is now represented by 

Qnrvt ror 

Xr 
x 86x cos WF + 72 

ror ot = Se 
86 xX sin— VR2 a x Wye ie 3 iA 

Qn 
—.COS 

the integral of which, with respect to 7, is 

3 wR pee ae 
ls gat ses x 84 x sin" VP +P 

Qn 

. ‘nea eke GET 
Qn Xr 

which, taken between the limits 7, and 7, is 

preter 3 t eae ——— . 2 a 
oe ; (sin = Vv 12 r= sin Wh? + 7?) 86 

x 66 x cos <7 V he + 7, 

Fem x 

27 Xr 

= cos =™ Vi? + 72), 

+ __ cos 24 . (cos 5" Vie +7? 

We have now to find the values of 7, and 7, in terms of 6. 
For this purpose we have only to remark that the equation of 
the smaller circle, referred to the foot of the normal as origin, 
and expressed by means of rectangular coordinates (z being 
measured through the centre of the circle), is 

(«—c)?+y¥° =a’, 

or (7, cos § — cc)? + (7,sin 6)? = a’, 

or r? —2ccosd.r, =a? — c, 

the positive solution of which is 

r,=c.cos + Va? — sin? 6; 

or supposing ¢ so small that the first power only is worth re- 
taining, 

r,=a+ccos§, 
Therefore 

Og oe Ye “Oa sat ycosd 

aA Mg pele 1 AC Ringer, is 
to the first power of c. 
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In forming the sine of this quantity we cannot, as before, 
proceed by expansion in powers of c, neglecting all after the 
first; and the reason for this prohibition deserves attention, as 
showing what extreme care is necessary, in a process of ap- 
proximation, to adopt no method at any one step without due 
consideration of the effect of rejected terms at that step. Sup- 
pose, for instance, the terms depending on higher powers of ¢ 

in the expression for = Vi? +r? were z¢5zth part of that 

2a.ac.cos9 
Xr. VHP a? 

were nearly equal to 107. ‘The rejection of the terms de- 
pending on the higher powers would only produce in this an- 

depending on the first power, and suppose that 

le an error of en which would be wholly unimportant in g 100 y, p 

these investigations. But the expansion of 
; a Ss GE 5 COS E 

a 2 2 pao ee ees 
sin { oh Vie + a + y VRP oa 9 

in a series proceeding by powers of c, would give a succession 
‘ : 4 2maccosé | + 

of rapidly diverging terms when WEEE had any such 

value as 10 7; and the expression produced by retaining the 
first and rejecting the higher powers would not in any degree 
represent the whole. From this point, therefore, we must use 
methods which do not imply the rejection of any powers of c. 

For convenience, put 

for Qm7rac pling ed 2mrbe 
é, tor Ves a and €,, for VVPLe 

Then 

a8 ie ar eS carey eae 
Xr ru 

and 

sin os Vie +7r? = sin2* Wh? + a® . cos (e, cos 6) 

Q0 ,=s—s:: 
+ cos =— VW i® + a. sin (e,cos 4). 

Similarly, 

sin 22 Vii+r7= sin a VW 2 + 62. cos (e,cos 

+ cos Wh? + b2. sin (e, cos). 
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In like manner 

cos =" Vl? + 7? =cos=" Vie + a? - cos (e, cos 4) 

le “= /i2 + a - sin (e, cos §) 

cos a2 VEE r= cos=* Vi2 + B . cos (e, cos 6) 

— sin3* Wh? + a2. sin (e,, cos 4), 

and these quantities are now to be substituted in the expres- 
sion above, which multiplies 24, and the whole is then to be 
integrated with respect to 6. 

If our object were to find the intensity of light produced by 
a portion of the annulus, these expressions could not be made 
more simple; but in finding the intensity produced by the 
whole annulus we may introduce an important simplification ; 
for the expressions will then be integrated, with respect to 4, 
from §=0to4=27. Now it is evident that the expansion 
of sin (e,cos 6) or sin (e, cos 4) will produce only odd powers 
of cos; and the integral of every one of these, from = 0 to 
§=2z, is zero. The terms depending on sin (e, cos §), 
sin (e,, cos §), may therefore be neglected at once ; and thus we 
have, for this investigation, 

sin =" WV h? + riasin 5" VF + a®. cos (e, cos 4), 

and so for the others; and the quantity which we have to in- 
tegrate with respect to 4 is 

Y . 2xavt _ 2% jas 
ag (sin Wh? + b? . cos (e,, cos 8) 

_ 25  ——; 
nie Vi? +a . 60s (¢, €0s 4) ) 

Xr Qr vt ee 
+ 5+ Oh eee (cos =" V h? + 62 . cos(e, cos 6) 

2 eee 
— cos ~ Vi? + a®. cos (e, cos i)). 

Let 

_SJ),£05 (e €08 8) = 22K, S008 (e,cos$) = 27E, 

S003 (e,,cos 6) = 2rE,, 
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the integrals being taken from @ = 0 to 4=2. Then the 

Qnrvt is 

x 

h(E, sin = VE FE — E,. sin VEFe@)=5. 
coefficient of sin 

arot 

Xr 

d. (1, cos — VF + 3 — E,.cos = Vie + @) = C. 

is 
2 

The coefficient of cos 

and if the two terms be ageregated into one of the form 

Qn vt 
7 + Q), 

it is easily seen that P or the amplitude of vibration at the 

point in question is /S? + C?; and if the intensity of light 
be assumed proportional to P?, it may be represented by 

S$?+ C? 
pean 

¢ 9 sere 3S eS 

E?4+ E,? — 2E,. E,.cos (ve Vira). 

P sin ( 

Our attention must now be directed to finding the numeri- 
cal value of the function E for different values of e. 
By the usual expansion, 

cos (e cos §)=1 — 
e* cos*§-  e* cos* 6 e® cos® 4 

a aia se ed, ae 
1.2 1.2.3.4 1.2,.3.4.5.6 

a series which is always convergent, and may therefore be 
safely used for numerical computation, 

Integrating separately each term, from 6=0 to §=2z, 
and observing that if cos*"6 be expressed by simple powers 
of cosines of multiple arcs, the constant term Is 

1 1.3.5.7+4.2"—1 

27. 1.2.9.4 00% *- 

we obtain 
z mat {1 e e & 

ef, os (e cos §) =2 7 x opt Gay ae t ee} 

and therefore 

é a 
E=1— + Ga Gace t & 
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By means of this series I have computed the value of E for 

every value of e, proceeding by steps of 0°2 from 0°0 to 10°0. 

Although the series does in all cases ultimately converge with 

great rapidity, yet for large values of e it commences by di- 

verging rapidly. Thus for e = 10:0 the successive terms are 

1-0, 
— 25:0, 
+ 156°25, 
—434°0277, 
+678'168, &c. 

and for this value it was necessary to proceed as far as e*. 

The calculations have been made to six places of decimals, 

but I have thought it prudent to retain only four places. I 

may add, that the calculations have not been examined with 

great care, but that, from the care with which they were made 

and the general regularity of progression among the numbers, 

I am confident that there is no large error in the results. 

Table of the values of E = = aye cos (e cos 6), the limits 

of the integral being 0 and 2 7. 

o fe eg a E. E?, 

—0-1104 
—0-0412 
+0-0269 
+0-0917 
+0°1507 
+0:2018 
+0°2433 
+0:2740 
40-2931 
+0:3001 
+0-2951 
+0-2781 
+0-2516 
+0°2154 
+0:1727 
+0°1222 
+0:0691 ’ 
+0-0144 
—0:0394 
—0-0907 
—0°1365 
—0:1768 
—0-2091 
—0°2324 
—0-2460 

VVWDSWSRAAAM 

2 
“4 
6 
8 
“0 
"2 
“4 
“6 
8 
0 
2 
4 
6 

7 
rE 
qe 
8: 
8 

8 
s 

8 
9: 

SHARNSRDARNSOH eeeeo 
SS DARN ODABRN SHAAN SHAARNS 

—_— 

Coe me He me OD 09 C2 GO COD BORD BOLD I OO OOD 

It appears from this table that E vanishes for the values of 
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e, 2°405, 5°52, 8°64, nearly; and that the successive maximum 
values of E? correspond to the values of e, 0°00, 3°85, 7°01, 
10°15, nearly; and that the corresponding maximum values 

1 ae ee Ee AMES of E* are nearly 1, SHY das Ge 

I will now proceed to point out the practical application of 
this table. 

First, suppose the value of he ( Vie +B — Vi? + @) 

to be small, or not exceeding a few multiples of 7. 
In this case no considerations can be introduced which tend 

to simplify the expression for the intensity of the light. If 
the light be heterogeneous, it will be necessary to form the 

numerical values of e,, e,, E,, E,, and (VF + B 

th RA a) for each different colour, and to substitute 

. , . 2 2 Qr MW 72 a, hi 
them in the expression E?+E,?—2 E, E,,. cos = he + b? 

— Vie + @). It is easily seen that the greatest intensity of 

light under any circumstances is (E, + E,)*? and the least is 

(E, — E,. 

Secondly, suppose the value of as 

to amount to many multiples of x. 
Whatever care be taken to make light homogeneous, it is 

practically impossible to make it homogeneous or even nearly 

so. Therefore the value of <= (¥ w+ PVR + @) will 

(VE + R-V/Ppe a) 

vary, perhaps to the amount of many multiples of =, for the 
different values of X corresponding to the different kinds of 
light in the stream of light which is the subject of expériment. 
And this may happen even when the portion of the spectrum 
corresponding to the light used is so short that there is no 
conspicuous change of colour. In aggregating the effects of 
these, it is to be observed that, for points near to the central 
normal of the circular plate, the change produced in e, and e, 
by the change of \ is very small, and the only variation which 

needs to be considered is that of cos” { VIELE V+ ah. 

As the arc included in this quantity changes its value by se- 
veral multiples of x, the cosine will have equal values repeat- 
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edly positive and negative, and the sum of all may be consi- 

dered = 0. This reduces the expression for intensity to 

E? + E,3, which will be easily discussed. 

Example 1.—The light enters through a round hole with- 

out interruption. 
Here a = 0, and therefore e, = 0, and E, = 1, and the 

expression becomes 1 + E,’. 
The: smallest value of this quantity occurs when E,, = 0. 

This happens when e, = 2°41, or = 5°52, or = 8°64, &c., or 

when e, is large. For all these cases the intensity is repre= 

sented by 1. 
The greatest value occurs when e, = 0, and the intensity 

is represented by 2; the next maximum is when e, = 3°8, 

and the intensity is 1°16 ; the third maximum is when e, = 7°0, 

and the intensity is 1°09; the fourth maximum is when 

e, = 10°], and the intensity is 1°06. 

Thus there will be at the centre a bright spot of double the 

general intensity, surrounded by rings brighter than the great 

expanse of light; but the excess of intensity in the rings, even 

the first, is so small, that it probably could not be seen. The 

whole diameter of the bright spot, to its very extremities, is 

2c, when ese henol = 2°41, or c= VV1 + # 2°41; but 
NV + EP 2m b 

the visible diameter would be much smaller. 
Example 2.—The stream of light is unlimited externally, 

but an opake circle of radius a interrupts a portion of it. 

Here e¢, is very great, and E,,=0, and the expression for the 

intensity of the light is simply E?. The intensities therefore 

at different distances along any radius drawn from the central 

normal parallel to the plane of the circle are represented by 

the numbers in the last column of the table above. ‘The first 

maximum occurs when e, = 0, and it is then = 1, or is the 

same as the intensity in an uninterrupted pencil; the second 

when e, = 3°8, and it is then 4 of the former ; the third when 

e, = 7°0, and it is then ~> of the former; the fourth when 

€, = 101, and it is then 7, of the former. The light abso- 

lutely disappears when e,= 2°41, or = 5°52, or = 8°64. Thus 

there is a bright spot whose central intensity is equal to that 

of uninterrupted light, surrounded by rings of much feebler 

light, whose intensity decreases rapidly till it becomes insen- 

sible. 
The whole diameter of the bright spot is 2, when e, or 

a 2 2 

WES - = 2°41, or ¢= Beit 2 x 2°41; or the dia- 

MP + ey oat, 
ma 

meter of the spot is 
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Suppose, for instance, a circular plate 1 foot in diameter is 
placed to interrupt a stream of light; a screen is placed 10 
feet behind it; to find the diameter of the bright spot. 

Here h = 120 inches, a = 6 inches; X may be taken for 
mean light = 0-00002 inch. Substituting in the expression 
above, we find the diameter of the bright spot =0°000308 inch, 
or less than ;;/;5 inch, regarding the visibility of which in 
common experience we need not to disquiet ourselves. 

If the diameter of the circular plate had been taken 1 inch, 
the distance of the screen remaining the same, the diameter 
of the spot would have been 0°0037 inch, a speck difficult even 
for a philosopher to discover under these circumstances. If 
the diameter of the plate were 0°1 inch, the diameter of the. 
spot would be 0:037 inch, a very fit subject for experimental 
measure, It is on such spots as this that observations have 
been made, with the purpose of testing the undulatory theory, 
and of the agreement of those measures with the theory no 
one acquainted with both has, I believe, doubted. _ 

With regard to any objection that may have been made, 
either against the undulatory theory generally or against the 
application of Huyghens’s principle in particular, from con- 
fronting the result of a simple investigation of the intensity of 
light at one mathematical point, with the fact of general ex- 
perience that light is not visible behind an opake screen; the 
inference from the preceding investigation is, I believe, that 
the undulatory theory in general, and the application of 
Huyghens’s principle in particular, stand as firmly as they did 
before appeal was made to this comparison, perhaps even more 
firmly. For the future I would remark that, however much 
we may doubt whether one mathematician is entitled to give 
to another a lesson of caution, this principle must, I think, be 
allowed by every one,—that a theory standing on such varied 
and such extensive evidence as that which supports the un- 
dulatory theory is entitled to the same respect which is given 
to a private person of high character ; it is not to be rashly 
attacked until the supposed grounds of attack have been 
most thoroughly examined, although if these grounds are 
valid, it possesses no immunities beyond other theories. 

I am, Gentlemen, 
Your very obedient servant, 

Royal Observatory, Greenwich, Dec. 4, 1840. G. B. Ary. 
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II. Reply to Mr. Tovey’s Remarks on a Paper on the Appli- 
cation of Huyghens’s Principle in Physical Optics, inserted 
in the Lond. Edinb. & Dublin Phil. Mag. for October last; 
vol. xvii. p. 243. By Ricuarp Porter, Esq., B.A. © 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 

BEG to return Mr. Tovey my thanks for keeping alive the 
discussion on the capability of the undulatory to explain 

facts; by such discussions we may entertain hopes that some 
sound progress will eventually be made in physical optics. 

Mr. Tovey says I have mistaken a luminous /ine for a lu- 
minous space, and consequently my conclusions have, in 
reality, no foundation. He ought unquestionably to have 
given us his proof. 

In the investigations for a small opake disc and a small 
circular aperture, it was considered, by the most eminent ma- 
thematicians who have adopted the undulatory theory of light, 
as quite sufficient to find the intensity along a line drawn per- 
pendicularly through the centre of the aperture or disc, and 
their results were brought forward as strong proofs of the truth 
of the theory. When, in the same way, I have applied a more 
correct analysis, for all magnitudes of circular discs and aper- 
tures, it is objected to, without showing where the limit be- 
tween a large and a small magnitude lies, and at what point 
the method becomes inaccurate. 

Our knowledge of the phzenomena of diffraction leads us to 
conclude that there can be no maxima and minima in the line 
before-mentioned without accompanying ones in the plane 
perpendicular to that line, and such has tacitly been received 
with respect to former investigations. With this the undula- 
tory theory also accords. How Mr. Tovey could suppose 
that there is in reality in any case only a luminous line, it is 
not easy to account for; if he had been acquainted with the 
phenomena I think he would not have made the objection. 

The case of the fixed stars shows that the smallness of the 
angular magnitude of the luminous body at the eye is no bar 
to light being perceived when there is adequate intensity. 

The following analysis shows that the undulatory theory 
indicates maxima and minima in the plane perpendicular to 
the line, for which my former results were investigated. 

Taking now a point out of the line (C B) passing perpendi- 
cularly through the centre of the circular aperture or annulus, 
let its distance from that line be small and equal to x. 

Let @ be the angle which any radius makes with the plane 
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passing through the perpendicular line and this point. Then 
7687 will be an elementary area in the aperture, and for 
simplicity I take the case of plane waves, the other only dif- 
fering by a constant. ; 

Putting % and a the same as before, we have the displace- 
ment of the particle at the point, arising from this element. 

ss rsOor 

~ VP 4+ a—2rexcosd 

3.297 BOS ee POMP LN oh Pak eee a te EY 
x sin—— vie VHPr+h+ ae — Tra cost ) 

Expanding and retaining the terms involving the first power 
of x only, we have the whole displacement 

a af) [pms sin (vt - VFR) 

EEE ABER Oe (08 VER) 

=f ey int (vt VER) 

+ ines pone cos 57 vt—ViE4 RB) 

aie r?snO . Qa 
yas ie 7?) sin=* (v _ V7? 4 fe ak & 

and taken between the limits 6 = 0 and 6=27 

2) ga Ea de Oa 

which is the same expression as on the line itself, and indi- 
cates a maximum in the plane perpendicular to the line when 
there is a maximum in the line. 

In examining the terms involving 2%, I shall retain onl 
the principal term in the coefficient of that quantity which 
has 2° in its denominator, and thus the quantity which is the 
correction of the Jast found expression is the following : 

27’ a x 7? cos? 0 
Saget, Be ol ee VEILS 

MS r SO (r2 + ho?) 2 DL (Ce P+h +3) 
between the limits 6 = O and @= 27 
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2 3 esha tl 
=— = ee ne (vz = VERT) 

nr ” (r2 4 A+ 2°)? Xr 

which we see is a small quantity as long as x is a quantity of 
the same order of inagnitude as X, and / is many multiples of 
r, which would still give the case of a point in the shadow of 
a large circular disc, the aperture being an annulus; but to 
take the extreme case which can be urged as an objection to 
my former results, let h be small compared with 7, or the 
point deeply immersed in the shadow. The integral being 
separated into two we have 
aoe of r See are P+ i +a) Poe fo ee E pre he oe Wet ey (0) eee Vy 2 e rVepPie sin > r+h+e 

a nz 2 2 

42m ee [ELEY sin 22 (vt — VTE EE). x 7 (24 h2 4 2°)2 r 

We now reject the latter as very much smaller than the 
former, and have only to perform the same integration as in 
my former paper, and the intensity becomes for an aperture 
which is an annulus and the radii 7, and r,, 

sat oh SR Babee ete D Bulls, MMA 
=4 #@r(1— “r) Sint ( Vigeh te Vitra). 

The maximum intensity on the line being 4 a?X’, there will 

be a minimum equal to zero when # = + * » and then the 

intensity will increase again, and apparently to a greater mag- 
nitude than before, but our having used approximate expres- 
sions prevents us pushing our conclusions further. 
We see clearly how maxima and minima are indicated by 

the theory in the plane perpendicular to the line in which I 
formerly discussed the results of the same method, and how 
much Mr. Tovey has mistaken the question. 
Queens’ College, Cambridge, Dec. 8, 1840. Ricuarp Porrer. 

Ill. Zhe Impossibility of the Boetian System of Numerical 
Contractions, and the Alabaldine Notation having had a 
common Origin. By J.O. HALiiweE11, Esq., F.R.S. §c. 

ON a further examination of the Arundel MS. No. 343, 
the real explanation of which has already appeared in 

this Magazine, and on working out all the examples in that 
manuscript with the tedious notation of the Boetian and 
Alabaldine contractions, I have met with the following, 
which shows more clearly than any other I have yet dis- 
covered, the accuracy of the views taken by M. Chasles and 
myself, on the impossibility of the Alabaldine system having 
commenced with the abacus, I merely give the early steps, 
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which will be quite sufficient to show the correctness of my 
statement. 

Required the result of dextans. siliqua. ceraces. 
The reduction of dextans : 

igin. sipos_ ___andras. quinas __quinas 
andras. calcis ~ andras. calcis ~ calcis 

= semiuncia. quicunx, 
The very first step of which uses the decimal scale. 

dextans = 

IV. On Steam considered as a Conductor of Electricity. By 
Dr. CuarLes ScHAFHAEUTL*,. 

| he the last Number of the Philosophical Magazine, the 
electricity obtained from a jet of high-pressure steam was 

considered to be of similar origin with that obtained from the 
insulated and separated positive metallic disc of Volta’s Elec- 
trophorus. . 

On this point, the first question which presents itself is, in 
what relation does steam or water-gas stand with the conduct- 
ors or non-conductors of electricity. 

It is well known that moist air is a conductor of electri- 
city, and dry air, viz. air which contains less water-gas than 
it is capable of containing according to its temperature, is a 
non-conductor of electricity; but, besides this, I am not aware 
of any experiment made to ascertain the conducting power of 
pure steam without being in contact with water or mercury, 
and I therefore determined to ascertain this question by ex- 
periment. . 

The ends of a glass tube, about two inches long and a 
quarter inch interior diameter, were drawn out over a lamp 
to points, and bent upwards in a right angle. A thick pla- 
tinum wire, with a small ring formed at each end, was then 
inserted into one end of the tube, and the glass melted around 
it air-tight. Water was then poured into the tube and boiled 
till only about two drops remained, when another platinum 
wire was inserted at the other end, and the hole quickly her- 
inetically closed as before. The distance between the ends of 
the two wires in the tube was about one inch and a quarter, 
and the tube in this state contained of course nothing but 
water-gas and some liquid water. 

This tube was now inserted close to the bulb of a thermo- 
meter into a small sand-bath+, and covered with the sand, 
excepting the two vertical ends. 

* Communicated by the Author, whose former communication on the 
subject appeared in our last Number; L. E. and D. Phil. Mag. vol. xvii. 

. 449. 
+ I cannot omit to mention the kindness I experienced from the gentle- 

men lecturing at the Adelaide Gallery, in allowing me the use of their 
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One of these platinum wires was then connected with the 
outside of a Leyden jar, the other with an insulated discharger. 

The Leyden jar, containing about 100 square inches armed 
surface, was now charged by means of fifty revolutions of a 
twelve-inch glass plate, and then discharged through the tube 
as usual. ‘The glass tube acted exactly as an imperfect con- 
ductor, interrupting the conducting wire, which connects the 
two surfaces of the jar, like a piece of wet cotton thread, or 
portion of glass tube moistened inside. The jar was perfectly 
discharged by the first touch, with that peculiar hissing noise 
and reddish fascicular stream of electricity which invariably 
occur under similar circumstances. ‘The temperature of the 
sand-bath was now gradually raised, and at every 5 degrees 
a similar electric discharge from the Leyden jar was passed 
through the tube. The same results were obtained until the 
thermometer reached 250 degrees. At this point, by dis- 
charging the jar, a small red spark was obtained, instead of 
the former fascicular stream, and the jar was found to be en- 
tirely discharged, although the noise occasioned by the spark 
was scarcely audible, compared with the loud clap produced 
by the discharge of the jar under ordinary circumstances. 

After the temperature had been elevated to 405 degrees, 
the contents of the jar discharged with the usual brilliant 
spark and loud report, and at the same time the spark was 
seen passing through the tube. At this time no moisture 
could be detected in the tube, and the water-gas contained in 
it had entirely ceased to be a conductor of electricity, at the 
same time giving less resistance to the passage of the spark than 
common air, the striking distance having been elongated from 
half an inch to one inch and aquarter. When the tempera- 
ture was reduced below 405 degrees, the discharge passed 
as before mentioned, either as a small red spark, or ina fasci- 
cular stream, according to the temperature. When above 
405 degrees the spark passed as usual, until the temperature 
rose to 443, when the tube burst, which prevented me from 
ascertaining its weight with and without the water ; the differ- 
ence of which would of course have given me the weight of 
the water contained in the tube, the cubical contents of which 
would have been ascertained by filling it with quicksilver. 
If we assume that there were two drops of water in the tube 
when it burst, weighing together 0°73 grains, and supposing 
the contents of the tube to be 500 cubic lines, we have the 
pressure of 23°5 atmospheres therein. 

laboratory and philosophical apparatus for the purpose of making these 
experiments. Institutions of thes description, which are to be found only 
in England, are invaluable to foreigners occupied in philosophical re- 
searches, 
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From the preceding experiments we may conclude that 
steam, pure and free from contact with water, has, like all 
other gases, the property of being a non-conductor of elec- 
tricity. 

The facility with which the spark passes through the water- 
gas seems to be worthy of attention; the striking distance of 
the spark having increased from half an inch to one inch 
and a quarter; for, according to Mr. Harris’s discoveries, 
the striking distances are, in ordinary cases, in the inverse 
ratio to the density of the gas. 

If we now consider the fact, that the electricity of a jet of 
condensed steam is, according to Mr. Armstrong’s experi- 
ments, positive ; that the quantity of electricity obtained from 
a jet of high-pressure steam is in proportion to its conden- 
sation; further, that the steam contained in the boiler pre- 
sents no appearances of free electricity ; and that, according 
to Mr. Pattinson’s experiments, both water and boiler are 
negative, which is a necessary consequence of Mr. Arm- 
strong’s experiments;—we perceive a simultaneous develop- 
ment of electric polarity in opposite directions from a central 
or neutral point, asin the magnetic steel-bar; and this develop- 
ment of electric polarity can only be ascribed to the opposite 
changes of molecular arrangements, as well as chemical con- 
dition of the water and steam column; and we must consider 
both electric poles as co-existent and not separately. 

Volta’s electrophorus is only remarkable for the property 
of retaining its electricity for a lengthened period, and its 
action is entirely due to induced electricity, with which no one 
will confound the electricity obtained from steam. Besides, 
the disc of the electrophorus, from which the spark is obtained, 
must be a perfect conductor well insulated, and shows signs of 
free electricity only when it is, after close contact with the 
electrophoric cake and neutralization of its free electricity, 
removed absolutely from the inducing cake. In a boiler filled 
with steam and water, neither of the above-mentioned circum- 
stances can take place, and the positive electricity of the con- 
densed steam, and the negative electricity of the boiler are the 
only points ascertained by experiment. The electricity deve- 
loped by evaporation, as the source of the observed free elec- 
tricity, is only hypothetical. 

Volta’s experiment, of splashing water on ignited charcoal, 
can scarcely be considered as identical with the evaporation 
of water in a boiler; in the first instance, a mass of chemical 
decomposition and changes are taking place which never can 
occur in the latter, for even the sudden cooling of substances 
is sufficient to produce signs of free electricity. 
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If we ascribe the electricity of steam to its condensation, 
the circumstances under which that condensation takes place 
are likewise of great influence. The smallest jet of high- 
pressure steam developes more free electricity than 100 times 
greater quantity of low-pressure steam ;—another condition 
under which electricity is produced from a jet of steam, seems 
therefore to be its rapid expansion when issuing from the 
boiler ; or probably, as I have suggested on a former occasion, 
the quantity of caloric becoming latent during the expansion 
of high-pressure steam, has some relation to the quantity of 
electricity being set free. Even electricity in thunder-storms 
seems to be ascribable partially to the rapid currents of air 
whirling towards the centre of the clouds, as caloric is ab- 
sorbed whilst the thunder-clouds are charging themselves. 

VY. Explanation of a Map, showing the Direction of the Wind 
at Noon, as observed at various Places, in the Storm of De- 
cember 15, 1839. By W.C. RepriEp, Esq. 

THE arrows on the map, Plate I. denote, approximately, 
the direction of wind at noon at the several places of obser- 

vation. The concentric lines, drawn at intervals of thirty miles, 
were added, not as precisely indicating the true course of the 
wind, but in order to afford better means of comparison for 
the several observations. 

The assumed axis of the gale, at this time, should pro- 
bably have been placed more to the westward, on a line with 
the position of the Morrison and Cape Cod Bay, at which 
points the gale was then blowing with great violence in op- 
posite directions. The Morrison was from China, bound to 
New York, and I have reason to believe that her position may 
be safely relied on. ‘The ship, as I am informed, was lying 
to at noon with bare poles, and had taken the western side of 
the gale suddenly at 7 A.M. This gale was severely felt in most 
of the region comprised in this map, excepting its north- 
western and extreme northern portion, and excepting also 
the light winds which were found near the axis of the gale in 
the vicinity of Buzzard’s Bay, &c. in the afternoon and even- 
ing. A very heavy fall of snow accompanied the gale in the 
states of Connecticut, Rhode Island, Massachusetts, New 
Hampshire and Maine, also in parts of the states of New 
York and Vermont. Some snow also fell in the western and 
northern parts of New York and Vermont, but attended with 
moderate winds, chiefly from the north and north-west. 

Abbreviations—N.H. New Hampshire-—Me. Maine.—Ms. Massachu- 
setts.—R.I. Rhode Island, State—Ct. Connecticut.—L.I. Long Island.— 
N.Y. New York, State.—N.J. New Jersey. Note. My observations on 
the 15th P.M. have on a former occasion been erroneously printed N.W. 
by W.; read N.W. by N. 

Phil, Mag. 5. 3, Vol. 18, No, 114, Jan.1841, © 
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VI. Remarks relating to the Tornado which visited New 
Brunswick in the State of New Jersey, June 19, 1835, with 
a Plan and Schedule of the Prostrations observed on a Sec- 
tion of its Track. By W.C. Reprietp, Esg*. 

[Illustrated by Plate ITI.] 

N a paper printed in the American Journal of Science, in 
which I referred to the support given by Prof. Bache to 

Mr. Espy’s theory of storms, at the meeting of the British 
Association in 1838, founded upon observations made on the 
New Brunswick tornado, I have stated, that in my own ex- 
aminations I had observed numerous facts which appear to 
demonstrate the whirling character of this tornado, as well as 
the znward tendency of the whirling vortex at the surface 
of the ground; and further, that the direction of rotation 
was towards the left, as in the North Atlantic hurricanest. 
It was due to Prof. Bache that my observations should be 
brought forward, a task which has been too long delayed, 
partly from a desire that he would revise his former conclu- 
sions. ‘The facts now presented form part of the evidence to 
which I then alluded. 

If the effects which I present for consideration be due to 
‘a moving column of rarefied air without any whirling mo- 
tion at or near the surface of the ground,” as maintained by 
Prof. Bache}, we might expect to find a relative uniformity 
in these effects, on the two opposite sides or margins of the 
track. How far this is the case, may be seen by inspecting 
the observations which are found upon the annexed figure. 
(Plate II.) 

The occurrence of these tornadoes appears to have been 
noticed from the earliest antiquity; and their violence has 
been considered as the effect of an active whirling motion in 
the body of the tornado; this peculiarity of action having 
often been supported by the testimony of eye-witnesses. 

The whirling motion, however, has not been recognized by 
Prof. Bache, Mr. Espy §, or Prof. Walter R. Johnson ||, in 
their several accounts of the New Brunswick tornado; these 
writers having been led toadopt or favour a theory of ascending 
columns in the atmosphere, founded on the supposed in- 

* (Communicated by Sir John F, W. Herschel, Bart.] This paper was 
intended by its author to have been read at the late meeting of the British 
Association in Glasgow, but was unfortunately detained.—J. F. W. H. 
+ Amer, Journ. of Science, Oct. 1838, vol. xxxv. pp. 206, 207. 
¢ Transactions of Amer. Phil. Society, vol. v. p. 417. New Series. 
§ Trans. Amer. Phil. Society, vol. v. New Series. 
|| Journ, Academy Nat. Sciences of Philadelphia, vol. vii. Part ii. 
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Mr. Redfield on the Tornado of June 19, 1835. 21 

fluence of calorific expansion accompanying the condensa- 
tion of vapour. 

It is remarkable that up to this period the evidences of the 
rotation, or other characteristic action of tornadoes, appear 
not to have been recorded, nor to have received the distinct 
consideration of scientific observers. We are, therefore, left 
to seek out the peculiarities of their action, by examining the 
direction of the prostrations and other effects of the wind: 
and from a careful induction from the effects which are thus 
registered as by the finger of the tornado, we may hope to 
arrive at satisfactory conclusions. 

If the numerous prostrations of trees and other objects, 
which may be observed in the path of a tornado, be the 
effects of a violent whirlwind, it appears most reasonable to 
infer that this whirl had the common property which may 
be observed in all narrow and violent vortices, viz. a spirally 
involute motion, quickened in its gyrations as it approaches 
toward the centre or axis of the whirl, and there continued 
(in the case of the whirlwind) spirally upward, but gradually 
expanding again in its spiral course in ascending towards the 
extreme height of the revolving mass. 

If we now contemplate the action of this whirling body, 
while in a state of rapid progression, on the several objects 
found in distinct portions of its path, we may expect to wit- 
ness effects of much complexity, particularly as regards the 
lines of direction; and, also, that amid this apparent com- 
plexity some clue may be obtained that will serve to indicate 
or establish the true character of its action. Some of the 
effects which may be expected, or observed, will be here 
considered. 

1. We may expect to find in the path of the whirlwind, 
strong evidence of the inward or vorticular course of the 
wind: the violence of which inward motion is clearly indi- 
cated by the force with which various objects, often of much 
weight, are carried spirally upward about the axis of the re- 
volving body. 
Now the effects of this inward vorticular motion at the 

surface of the ground, are clearly manifested in the cases be- 
fore us; and are also well illustrated by Prof. Bache in his 
paper on this tornado, although referred by him to a different 
action *. 

2. As the effects observed at various points in the track 
were produced at different moments of time and by forces 
acting in different directions, as well as of various intensities, 

* Transactions of American Philosophical Society, vol. y. 



22 Mr. W. C. Redfield on the Tornado which visited 

we may expect to find great diversities in the several direc- 
tions of the fallen trees and other prostrated bodies: and 
further, as all the forces, in addition to their inward tendency, 
have likewise a common tendency in the direction pursued by 
the tornado, we may expect to find, also, full evidence of this 
progressive force in the direction of the fallen bodies. 

These effects, I need hardly state, are distinctly observed 
in the case before us; and appear likewise from the observa- 
tions of Prof. Bache. The results already noticed have been 
observed also in the tracks of other tornadoes; so that a 
general inclination, both inward and onward, amid the various 
and confused directions of the fallen bodies, is distinctly re- 
cognized by all parties to this inquiry. 

3. It has been often noticed, that where two fallen trees 
are found lying across each other, the uppermost or last fallen 
points most nearly to the course pursued by the tornado. 

In view of the facts above stated, much pains have been 
taken to establish, by induction, a central and non-whirling 
course in the wind of the tornado; first inward and then 
upward, like that resulting from a common fire in the open 
air. I donot propose to notice the insuperable difficulties 
which appear to attend this hypothesis. It is important to 
state, however, that all the above-mentioned effects, when 
theoretically considered, are, at least, equally consistent with 
the involute whirling action of an advancing vortex. ‘This 
important consideration I have not seen recognized by the 
advocates of the non-whirling theory; and it seems proper, 
therefore, to point out, as we proceed, other and more di- 
stinguishing effects of the whirling action. 

4. It has been noticed, also, that the directions given to 
broken limbs and other bodies, by the successive changes in 
the direction of the wind as the tornado passed over, have 
been found in opposite courses, on the two opposite margins 
of the track. 

This fact, too, has been strongly urged as disproving a 
rotary motion. But, unfortunately for the objection, this 
effect accords fully with the rotary action of a progressive 
mass of atmosphere; as is well known to all who understand 
the theory of rotary storms. 

In ali such whirling masses the successive changes in the 
direction of the wind, which result solely from their pro- 
gressive motion, necessarily take place in opposite directions 
or courses, on the two opposite sides of the advancing axis. 
This indication fails, therefore, as a theoretic test: and I 
now proceed to notice others, which are peculiar to a pro- 
gressive whirling action. 
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5. In considering further the effects of such action, we 

may expect to find that the increased activity of gyration 

which is observed near the centre of a vortex, will be indi- 

cated by a more violent and irregular action in and near the 

path pursued by the axis of the whirlwind, than is found 

under its more outward portions. 
This effect is often strikingly exhibited in the path of tor- 

nadoes; while, in the supposed ascent of a non-whirling co- 

lumn, it would seem that no part of the surface would be so 

much exempted from its action as that lying near its centre. 

6. As the effect of rotation must be to produce, on one 

side of the advancing axis, a reversed motion which is con- 

trary to the course of the tornado, it is evident that on this 

side the prostrating power will be much lessened; that the 

cases of prostration, therefore, will be less numerous; and 

that some of these, at least, will be produced in a backward 

direction, more or less opposite to the course of the tornado. 

By this criterion, not only the whirling movement, but the 

direction of the rotation also may be clearly ascertained. 

This effect is best observed by comparing the two opposite 

margins of the track ; and is strongly exemplified in the case 

before us. Here we find, that most of the trees prostrated 

within five chains (110 yards) from the northern or left-hand 

margin of the track, lie in directions which are more or less 

backward from the course of the tornado. ‘The prostrations 

in this part of the track are also for the most part less general 
than on the opposite side of the axis *, a greater portion of 
the trees being left standing. 

It sometimes happens, owing perhaps to the inward or 

involute motion having exceeded the progressive motion at a 

particular point, that some inclination backward will be found 

in the prostrations on the progressive side of the whirl, as 

seen on the sketch, Nos. 77 to 80. But these unfrequent 

cases by no means compare with the numerous backward 

and sometimes outward prostrations, found on the reverse 

side of the whirl, as illustrated by Nos. 1, 3, 4, 7, 9, 10, 12, 

13, &c. on the left side of the track. 

Thus we find here a satisfactory indication that this tor- 

nado was a whirlwind; and that the course of its rotation was 

to the /eft in front. 
7. It is also apparent, that the prostrating power of a 

whirlwind on the side of its reversed motion as just consi- 

* There was a vacant space in the belt of wood, immediately to the 

right of the line ¢c or axis of the tornado, owing to which the effect men- 

tioned does not appear so obvious in the figure. 
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dered, will be limited to a shorter distance than on the op- 
posite or progressive side of its axis. 

This is seen in the more limited extent of the prostrations 
on the north or left margin of the track, as compared with 
the extent of those which incline inward on the right side of 
the apparent axis.—There were many trees standing beyond 
the northern border of the track, but none had fallen. 

8. It follows, in like manner, that on that side of a whirl- 
wind in which the rotary motion coincides with the pro- 
gressive movement, the prostrating power will not only be in- 
creased in its intensity, but will also be effective over a wider 
space; and that few, if any, of the prostrated bodies will be 
found to have been thrown backward. 

In the case before us, as may be seen in the sketch, the 
prostrations are found to extend on the southern or right 
side of the apparent axis to a distance nearly twice as great 
as on the left side. The same general result has also been 
noticed in the tracks of other tornadoes which I have ex- 
amined. 

The facts here considered are too important to be over- 
looked, and seem fully to establish the course of rotation. 

9. If a rotative action be exhibited, the mean directions of 
all the prostrations, on each of the two opposite sides, will 
differ greatly in their respective inclinations to the line of pro- 
gress, and the mean direction of those on the reverse side will 
be found more backward than on the opposite side, where the 
rotative course coincides with the progressive action. 

In the case before us, the mean direction of all the pro- 
strations on the right side of the track is found to incline 
fifty-seven degrees inward from the line of progress. The 
course of the tornado is here taken to be east; although for 
the last half mile its course had been a little north of east. 
On the left side, the mean direction is found to be S. 6° W., 
or ninety-six degrees inward and backward; a difference in 
the mean inclination from the course on the two sides of 
forty-seven degrees*. 

If we now take the indications afforded by the two ex- 
terior portions of the track, to the width of five chains on 
each side, where the effects are more distinctive in their cha- 
racter, we find on the right side a mean inward inclination of 
forty-nine degrees; the mean direction being N. 41° E.: 
while on the left side of the track the mean inclination is not 
only inward, but forty-seven degrees backward; the mean 

* The inclinations of the fallen trees from the course, on both sides the 
axis, are reckoned inward and backward. 
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direction on this side being S. 47° West. We have thus a 
mean difference in the inclination of the fallen trees on the 
two exterior portions of the track, of no less than eighty- 
eight degrees. These indications seem conclusive also in 
favour of the whirling action in the direction from right to left. 

10. Although of less importance, it should be mentioned 
that the diminished action of the tornado which is commonly 
observed on the hill sides and summits over which it passes, 
and the greatly increased action in the bottoms of the valleys 
and even in deep ravines, afford a strong argument against 
ascribing the effects to the ascent of a non-whirling rarefied 
column; as the latter, it would seem, must act with greater 
force on the hill sides and summits than in the bottoms of 
valleys. ‘The general correctness of the observation here 
stated cannot justly be questioned. 

11. The sudden and extraordinary diminution of the at- 
mospheric pressure which is said to take place at the points 
successively passed over by the tornado, causing the doors and 
windows of buildings to burst outwards, seems to afford 
strong confirmation of a violent whirling motion, for an effect 
of this kind is necessarily due to the centrifugal and upward 
force of the vorticular action. There are no other means 
known by which such an abstraction of pressure can be ef- 
fected in the open air. An increase of calorific elasticity, if 
such were produced, either generally or locally, would not 
greatly disturb the equilibrium of pressure, being resisted by 
the surrounding and incumbent weight of the entire atmo- 
sphere. Besides, the immediate effect of such increased elas- 
ticity might rather be to burst zvward the windows and doors 
of buildings exposed to its action. 

Some of the more important indications mentioned above, 
appear also from Prof. Bache’s observations; although the 
latter are not definitely located by him, as regards the ex- 
treme borders of the track. Thus, in figure 7 of Prof. 
Bache’s paper, assuming the course of the tornado to be east, 
and rejecting a few observations near the centre, to avoid 
error, we find in twenty observations on the right side of the 
track, a mean inward inclination of sixty-four degrees, and 
for nine observations on the left side, a mean inclination, 
reckoned inward and backward from the course, of one hun- 
dred and four degrees, being fourteen degrees backward. 

It is stated by Prof. Bache, “ that the trees lying perpen- 
dicular to the track of the storm, are not those furthest from 
the centre of that track.” This generalization accords with 
my own observations; but can hardly be reconciled with an 
inward non-whirling motion in the tornado. 

It may appear to some that in the case of a whirlwind the 
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greater portion of the prostrations on the reverse side of the 
axis should be found in a backward direction: and so they 
would undoubtedly be found, were it not for the inward and 
the progressive action. But the force is here so far lessened by 
the reverse action above noticed, that in most cases only a small 
portion of the trees exposed will be thus prostrated: while 
the greatest force of the whirlwind, on this side, is felt near 
its last or closing portion and towards the apparent axis, 
where the inward, together with the rotative and progress- 
ive forces, seem to combine their influence in the closing 
rush towards the heart of the receding vortex. This appears 
to account for the nearly opposite directions of prostration 
found on this side, and it is apparently by this more violent 
closing action, that many trees which were first overthrown 
in a direction nearly across the centre of the path, were 
again overturned inversely, and often carried forward nearly 
in the course of the tornado. It is proper to remark here, 
that an attentive examination of these effects has served to 
convince me that on the right and more central portions of 
the track the prostrations for the most part take place either 
at the outset or under the middle portions of the whirlwind, 
while on the left or reverse side, up to the line of the apparent 
axis, and sometimes across the latter, they occur chiefly under 
the closing action of the whirl, as above described. ‘The vio- 
lent effects of the latter are more clearly seen as we advance 
from the lefi-hand margin towards the centre or apparent 
axis of the path. 

From the causes to which I have just alluded, aided by the 
elevating forces about the axis of the tornado, the effects are 
usually more violent on and near the line passed over by the 
axis, than in other portions of the track. This line of greatest 
violence is found to coincide nearly with the line which se- 
parates the inwardly inclined prostrations of the two opposite 
sides of the track*. The latter line or apparent axis of the 
track is sometimes called the line of convergence, and is in- 
dicated on the figure by the line and arrowcc. Along this 
line, from the causes just mentioned, aided also by the ele- 
vating forces about the axis, many of the trees are carried 
forward and left with their tops in a direction nearly parallel 
to the course of the tornado; forming an apparent, but not 
a just exception, to the more lateral direction which pertains 
to most of the trees prostrated by the onset of the whirlwind, 
near the central portions of the track. Indeed, the central or 
closing violence of the advancing whirl is here so great, that 

* The line of greatest violence, for the most part, is found somewhat 
to the right of the line of convergence. 



New Brunswick in New Jersey, U. S., June 19, 1835. 27 

the trees are not unfrequently torn out of the ground and 
carried onward to considerable distances. 

It is proper to state here, that in the tracks of all the tornadoes 
which I have had opportunity to examine, and in some, at 
least, of those examined by others, the course of rotation has 
been found the same as in the case before us *. 

In order to make a just and satisfactory examination of the 
effects of a tornado, it appears necessary to select portions of 
the track where the extension of wood or single trees, on 
each side, is found sufficient to mark clearly the exterior 
limits of the prostrating power, and where the effects on 
both sides of the axis are also clearly developed. Our next 
care should be to ascertain, as near as may be practicable, 
the line which separates the opposite convergence of the two 
sides, noticed above as the axis or line of convergence. We 
should then determine the general direction of this line and 
of the track at the place examined; which being done, we 
may proceed to measure the distance to which the prostra- 
tions are extended on each side, and then carefully to take 
the position and direction of prostration of each and all of the 
fallen bodies, noting with care, also, any other phenomena 
which may serve to aid our inquiries. We may thus obtain 
valuable materials for future analysis ; and this course of in- 
vestigation, if faithfully pursued, will, it is believed, remove 
all reasonable doubt of the rotative action of these tornadoes. 
An examination of their probable origin and the causes of 
their enduring activity and violence, belongs not to the pre- 
sent ocasion. 
New York, July 20, 1840. 

Schedule of Observations on the Directions of the Trees pro- 
strated by the Tornado of June 19, 1835, near New Bruns- 
wick, N. J. Course of the Tornado, East. 

rE aay aie » © fees igs 
No, Direction of Prostration. Ere No. Direction of Prostration. 2 ag 

Bes BES 

Table I. Left division of 3.| West. 180 
the track to the line 4,1 S. 80° W. 170 
b b: width five chains, 5.| 5. 130 
or 110 yards, 6. 130 

a 1. SOc W.. asad ae eHLLO vp 170 
me 1S. 80° W. cen tee ella ei 100 
BING 67 Woo cn eee tae 9. -- {140 
2. | South. cog a OO oI] 20; {140 

* As in the tornado which passed through Allegany county, New York, 
July 25, 1838, described by Mr. Gaylord in the American Journal of Sci- 
ence, yol, xxxvil, p. 92. 
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sez Sey 

No. Direction of Prostration. 234 No. Direction of Prostration. eee 

BES Fes 

P14 S262 WE Wee ee ‘|Table IV. On the right 
12.|S. 50 W. ...,140 of the axis from ce to 
13.|S. 65 W. 155 WE :width three chains, 
14.| South. . renee 90 including 34, and ex- 

16 cases: mean direction cluding 32, 33, 36, 
S. 47° West, being and 37. 
47 degrees backward, BI. Ni 6°. a... scckeee Bae 
or 137 degrees inward D2 | N63, wossddkenn eset 
and backward. ORIN. TO Ey suo ao eee 

oA. |N: 80°R cg we cee 
Table Il. Left of the 38.| East .. Sy | 

centre or axis, from bb 39.| N. 30 E Jat G60 
to cc: width one and 40.| N. 70 E tetas a0 
a half chain, including Al. IN. OD eB. hives cee ee 
also 32 and 33, and ex- 42.|N. 50 E ty 40 
cluding 34 and 35. AS. MINDS FO ie: «sete ee 12 

155S, 22° as: 88 || 44.| N, 45 E ~ Mss 45 
16. 1:55 129We cs 102 || 45.| N. 45 E. e 45 
DL 7a| (So, GO eRe Hiydeutioas 55 || 46.| N. 25 E. 65 
VB... Ge Wie tree co sen 28 || 47.|N. 35 E. 55 
1921'S. O54 pe ee GaAs TON AOU cccn ache eel pele 
20.|N.80 W. ... ... «../190 15 cases: mean direc- 
93:| 8. QO TAR. fe4 78 tion N. 51° E., being 
R418, Cl sears spade: alec 39 degrees inward 
2b, | 8. Ab ire hes aces Bia 8 from course. 
27.|S.45E. . we} 45 
28.|S. 20 E. ee eee Table V. On the right 
29.18.60 BE. . ...| 30 of axis from w to aa: 
30.| S. 60 E oe cima SOM width four and a half 
SIs Baste 6 00 chains. 
32.|S. 75 E beats. 2| SST AOS INESG7> Be Serccetae oan ieee eas 
33.| S. 56 E. 34 || 50.|N. 45-E. 0... 0.) 12/48 
—|16 cases: mean 1 direction 5 la N22 Bs shoe nes 

S. 35° E., being 55 S20. Gab. fress |, ots cee 
degrees arian: Bae ING: SOREe, 2tccs heen 

Mean cf twe divisions 54.| N. 10 E. ...| 80 
on the left side, 32 55.| N. 35:3. 55 
cases, S. 6° W., being 56.| North ... 90 
6 degrees backward or Bi.) Na AO? Ee = ose tine 80 
96 degrees inward and 58.|N. 3 E. | 87 
backward, 59.| N. 45 E. wh 45 

60.| N. 10 E. Hf 80 
Table II. Doubtful or 61.) N. 35 E. 55 

neutral cases; belong- 62.| N. 60 E .| 30 
ing to either side. 64.| N. 40 E ...| 50 

35.| East... ..| 00 || 65.) N. 20 E alee Al 
36.| N. 85°. se cee] Q5 |} 6621:N. 10 E | 80 
37.| East, two cases ... 00 || 67.|N. 20 BE. .. .| 70 

4 cases: mean direction 68.| N. 40 E .| 50 
E. 1° N. 69.| N. 70 E : 20 
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ov es. 

S82 Sat 
Soy @ Sof 

No. Direction of Prostration. EEE No Direction of Prostration. Baa 

SaS SEs 

70.| N. 50°E .| 40°|| 84.| N. 40°E .|, 50 
71.| N. 35 E 55 || 85.| N. 70 E 20 
72.|N. 30 E 60 || 86.) N. 23 E 67 
Pol INe OO Be ss. seo ese 40.1) Sas) Ne okey oo| Oo 
74.| North (two) ... ...| 90 || 88.| N. 20 E | 70 
Feb INorth ose) scck, see, see) 90:1) 89.:| NL 22) EB, .| 68 
Mus NOTE 42) ne0m 5. ese, aes|-90,-|) 90:.),N. 10) B .| 80 
77.|N. 20° W. (clump) ...j110 || 91.) N. 55 E sled 
Se lWNe OO Nc deo, ete. eeclkeoy | 92. 1-N, 70 E .| 20 
79.|N. 30 W. ... ... «(120 |] 93.| N. 55 E. alests, 
80.|N. 10 W. ... ... «(100 |} 94.) N. 68 E. ... a. 22 
PNG GE ite, tata4 anes vvcesll 2s |i Dovel IN Sees, coe. [esedeat scl POD 
BOWINE <7 bre tn ee cel ZO 14 cases: mean direc- 

33 cases: mean direc- tion, N. 41° E., being 
tion, N.24° E. , being 49 degrees inward. 
66 degrees inward, 

Mean direction of three 
Table VI. Right division divisions on the right 

of the track from aa to of axis; 62 cases: 
the south margin. No. 335° East, being 

63.) N. 35°E. 20. 0. o.| 55 an inward inclination 
83.|N. 45 BE. wc. eee ose) 45 of 57 degrees, nearly. 

VII. Ona new Compound of Chlorine and Cyanogen. 
By James STENHOovsE, Esq.* 

Tus somewhat remarkable compound may be obtained by 
two processes, both of which I shall now minutely de- 

scribe. ‘The first way in which I obtained it was by decom- 
posing an alcoholic solution of bicyanuret of mercury by dr 
chlorine gas. The method of proceeding is the following. 
Four or five ounces of bicyanuret of mercury should be finely 
powdered, and introduced into a tubulated retort, and the 
same weight of strong alcohol poured over them. It is proper 
to agitate the mixture for some time, and even to heat it a 
little, in order to saturate the alcohol completely with the 
salt. ‘The retort is then to be kept as cool as possible by 
being placed in a vessel of cold water, a copious stream of 
which is to be kept falling upon it during the whole process, 
The chlorine to be introduced into the solution of the bicy- 
anuret of mercury must be dried, by being passed through an 
intermediate vessel containing sulphuric acid: it may then be 
conveniently introduced into the solution by a tube passed 

* Communicated by the Author; having appeared in Licbig's Annalen 
for January, 1840, 
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through the tubulure of the retort, and reaching nearly to its 
bottom. The current of chlorine is to be sent through the 
liquid very slowly: if this is not attended to, the temperature 

rises very high, and the gaseous chloride of cyanogen passes 

off as fast as it is formed, instead of being absorbed by the 

alcohol, and the quantity of the compound obtained is exceed- 

ingly diminished, if indeed its formation be not wholly pre- 

vented. When this is the case heavy muriatic ether is almost 

the only product ; but by careful cooling and cautious evolu- 
tion of the chlorine this result may be easily prevented. 
When the current of chlorine has been sent through for 

some time, abundance of crystals begin to appear in the re- 

tort, accompanied by a violent effervescence. These crystals 

will be found to be sal-ammoniac, the quantity of which, when 

there was not much alcohol in the retort, is so great as to 

convert the whole into a solid mass. If the chlorine is con- 

tinued to be sent through the liquid after the crystals of sal- 
ammoniac have appeared, it forms abundance of the heavy 

muriatic zther, which adheres tenaciously to the chlorocyanous 

compound, and from which it can be separated only by re- 
peatedly dissolving it in hot alcohol, and precipitating it by 
water. If any trace of this zther remains adhering to the 
crystals, it communicates to them its peculiar smell and greasy 
feel, and lowers their melting point very considerably. 

If the alcoholic solution is then treated with water, the 

sal-ammoniac is dissolved, and the cyanogen compound falls 

in great abundance in long silver-white needles. If this is 
done by hot water the crystals form more slowly, and become 
therefore larger and more beautiful. When the liquid has 

stood some time the crystals are to be collected and washed 

upon a filter with cold distilled water, till every trace of acid 

is removed; they are then quite pure. The salt which 
remains in solution after the crystallization of the cyanogen 
compound is not corrosive sublimate, as might be expected ; 
it is the combination of chloride of mercury and sal-ammoniac 
usually known as the sal-d’Alembroth ; it is much more so- 
luble than corrosive sublimate. 

I shall now describe the second method, which is much 
more ceconomical. 

Strong hydrocyanic acid is first made in the usual way by 
sulphuric acid and prussiate of potash. It is then to be re- 
distilled, and to be condensed in the alcohol intended to be 
used, until the latter is saturated with the acid. The other 
arrangements are precisely the same as in the first process ; 
and the too rapid evolution of chlorine, or the heating of the 
solution, must be carefully guarded against. The chlorine is 
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continued to be sent through the liquid till the crystals of sal- 
ammoniac begin to form, which is accompanied by the violent 
effervescence I have before mentioned, owing to the escape of 
carbonic acid gas. 3 

The cause of these phaenomena is owing to the decomposi- 
tion of chloride of cyanogen, by its constituents uniting with 
the elements of four equivalents of water, and giving rise to 
sal-ammoniac and carbonic acid, as will be readily seen from 
the following symbols. 

Gio ue, 
H 4 

een. CL + El, O,= C, 0, - Nib. Ch 
Properties of the Compound. 

The compound crystallizes in long, soft, perfectly white 
needles, of a silvery lustre ; they very much resemble sul- 
phate of quinine: it is neutral to test paper; it is tasteless 
and inodorous; it melts at 140° C, by which heat it is partly 
sublimed. When heated to 160° C. it is decomposed, and 
emits a smell resembling that of benzoic zether. It burns easily 
with a large yellow flame, resembling that of alcohol, and emits 
nosmoke. Itis little soluble in cold water, but so much soin 
boiling as to be deposited in crystals on the cooling of the 
liquid. In alcohol and ether it is very soluble, but it may be 
precipitated from either solvent by water: it is deposited in 
crystals on their evaporation. 

When heated with an aqueous solution of potash it is de- 
composed with the evolution of ammonia, and the solution 
becomes of a deep brown colour. With a solution of liquid 
ammonia in the cold there is no action, but it is dissolved on 
the application of heat, and is deposited unaltered on the 
cooling of the liquid. Sulphuric acid dissolves it very readil 
when assisted by a gentle heat; it is not in the least black- 
ened ; it does not precipitate on the cooling of the liquid, but 
water causes the precipitation of it in an apparently unaltered 
state. 

The analyses conducted in the usual way gave the follow- 
ing results. 

Ist. 0°7902 of the combination gave 1:022 carbonic acid 
and 0°360 water. 

2nd. 0°505 gave 0°658 carbonic acid and 0°227 water. 
Ist. 0°7925 gave by decomposition at red heat by quick 

lime 0°833 chloride of silver, equal to 25-930 per cent. chlorine. 
2nd. 0°5245 gave 0°555 chloride of silver equal to 26°10 

per cent. chlorine. 
The nitrogen was determined qualitatively. The carbonic 
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acid was to the nitrogen in the proportion of 8::1 by vo- 
lume, accordingly 8:: 2 in atomic proportion. 

This gives the following result. 

1. 2. 

Carbon ....6. 35°760 ...... 36°02 
Hydrogen ... 5°038 ..... 4°99 
Nitrogen ...... 10°350 2... 10°43 
Chlorine '.3. 00." 25°9380" cae" 260 
Oxygen .evoee 22922 seven 2246 

100°000 100°00 

Theoretical composition. ae 
Tn 100 parts. 

16 at. \Cafbon. sé cise 222-96 «ress ees S560 

28 at. Hydrogen ... 174°71 ws. © 5:08 
4 at. Nitrogen ...... 354°08 se... 10°30 
4, at. Chlorine ...... 885°30 © so. 25°75 
8 at. Oxygen wo. 800°00 ...... 23°27 

3437°05 100°00 

From this formula Prof. Liebig has shown that it may be 
considered as a combination of 3 atoms aldehyd, 2 atoms 
chlorcyan, and 5 atoms of water, as follows. 

3 at. Aldehyde =e OARS, 5 TEN G 
2 at. Chloride of cyanogen = C, N, Cl, 
5 at. Water = 1 DR @ 

1 at. of the combination Cig Hog Og N, Cl, 

VIII. On the Composition of Chelidonin and Jervin. By Dr. 
Heinricuw WIitL*. 

(THE organic bases employed in the, following analyses 
were prepared and sent to me to be analysed by their 

discoverers; the chelidonin by Dr. Probst of Heidelberg, 
and the jervin by E. Simon, apothecary in Berlin. 

Chelidonin +.—The chelidonin, whose properties and mode 
of preparation have been described by Probst, forms a pure 
white, soft powder, and is also obtained in a crystalline form. 
When heated it melts into a colourless oily fluid, which be- 
comes brown ata stronger heat; finally it takes fire and burns 
away with a bright smoky flame, without leaving the least 
residue. The base dried in the air contains water of crystal- 
lization which disappears completely at a temperature of 100 

: ate Liebig’s Annalen der Pharmacie for July, 1840: vol. xxxv- 
art |. . ‘ 

si + See the Supplementary Number for the present month, vol. xvii, p.543. 
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centigrade; if heated then till it melts, which it does at 130 
cent., it loses no more weight. It is soluble in alcohol 
and zther, but not in water; a good deal of ammonia is deve- 
loped when it is melted with caustic potash. A solution of 
chelidonin in diluted muriatic acid, or the watery solution of 
the neutral muriate itself, gives with chloride of platinum a 
beautifully yellow precipitate, at first flaky, but afterwards 
granular, which may be washed out without decomposition. 
This precipitate, which is a double salt of muriate of cheli- 
donin with chloride of platinum, was used for determining 
the atomic weight of chelidonin. ‘This double salt was not 
decomposed by boiling with nitric acid. 

First. 0°448 of chelidonin dried in the air lost at the tem- 
perature of 100° centigrade, 0°023 of water = 5°13 per cent. 

Second. At 130°, when the chelidonin was melted, 0°172 
lost 0008 of water = 4°65 per cent.; the mean of both ex- 
periments is 4°89 per cent. 

1. Chelidonin weighing 0°425 dried at 100°, gave 1:062 of 
carbonic acid, and 0°215 of water. 

2. 0°2585 gave 0°643 of carbonic acid, and 0°1315 of water. 
3. 0°321 gave 0°793 of carbonic acid, and 0°162 of 

water. 
In a direct nitrogen determination 0°2995 yielded 30 cubic 

centimeters of nitrogen gas at 11° cent., and height of the 
barometer 27" 10", which after reduction to standard tempe- 
rature and pressure gave 2°88 cub. cent.=12°19 per cent. 
Hence the following per cent. composition is calculated : 

Me g 

Carbon ...+6. 69°07 68°76 68°30 
Hydrogen... 5°62 5°65 5°60 
Nitrogen.e.e.. 12°19 ahs Las 
Oxygen ...0. 13°12 

100°00 

1. 0°307 of chelidonin-chloride of platinum dried at 100° 
left when burnt 0°0535 of metallic platinum =17-42 per cent. 

2. 0°3125 gave 0°055 of metallic platinum = 17°60 per 
cent. 

From these two determinations the numbers 7076°8 and 
70085, come out as the atomic weight of the double salt, 
and therefore for the chelidonin 4502°89 and 4434°9, which 
determination, particularly the last, agrees as well with the 
following formula as can be expected from such weighing, 
where a difference of half a millegramme increases or di- 
minishes the atomic weight 70 or 80 parts. 

Phil. Mag. 8.3. Vol. 18, No. 114. Jan, 1841. D 
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The foregoing determination of the water of crystallization 
gives exactly 2 atoms of water to 1 atom of chelidonin. 

The theoretical composition of the chelidonin, in the calcu- 
lation of which the hydrogen was taken as agreeing very near, 
perhaps too near with what was found by experiment, is the 
following : 

In 100 parts. 
40 at Carbon ...-..66. 3057°40 68°90 
40 at Hydrogen ...... 249°59 562 
6 at Nitrogen ...cseor 531°12 11:97 
6 at Oxygen we. 600°00 13°51 

1 atom of anhydrous chelidonin = 4438°11 100-00 
2 atoms Of water ... wes coe ces 22496 4°82 

1 atom of crystallized chelidonin =4663:07. 

The chelidonin-chloride of platinum consists of 1 equiva- 
lent of muriate of chelidonin. 

Calculated. Found. 
1, 2. 

4893°24 69°78 70:08 69°70 

2118°80 30°22 29°92 30°21 

‘ 

701204. + 100°00 100:00 100°00 

1 of chloride of 
platinum... 

or 

In 100 parts. Obtained. 
1. 2 

1 equivalent of 4438-11 63°29 
chelidonin 

1 do. platinum 2235°50 2 L7b9 | rae. el 760 
3 do. chlorine 1327°95 18°94 <ah shi 
1 do. hydrogen 12°48 018 oa wine 

7012°04  10°000 

The composition of the chelidonin stands in remarkably 
close relation to{that of narcotin, if we retain for the latter as 
the truer the older formula given by Liébig : 

Chelidonin is .- 26. Cyy Hyg Ng Og 
Napeotint: 5s 'is0s/; exe! Cup Figs Nii Opp 

It is evident that in chelidonin with an equal number of 
atoms of carbon and hydrogen, the oxygen of the narcotin 
is wholly or in part replaced by nitrogen. Experiments to 
change one into the other remained without result. If we 
dissolve narcotin in a solution of ammonia in alcohol, and 
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keep the mixture some time near boiling, it crystallizes again, 

on cooling, with its properties unchanged. If chelidonin is 

melted with caustic potash and a little water so that it is not 

perfectly decomposed, it may be obtained unchanged when 

neutralized with an acid and precipitated by ammonia. 

The small quantity of the bases did not permit me to make 

further experiments. 
For comparison I place here the per cent. composition of 

narcotin and chelidonin near one another. 
Carbon ...... 68°90 65°27 
Hydrogen ... 5°62 5°32 
Nitrogen...... 11°97 3°78 
Oxygen... ... 13°51 25°63 

The plants which yield these two bases belong to the same 

family, the Papaveraceee. 
Jervin.—This vegetable base, the general properties of 

which and mode of preparation have already been described 

in yol. xxiv. p. 214 of the Annalen der Pharmacie, is obtained 

along with veratrin and sabadillen from the root of Veratrum 

album. 
The analysed jervin was white and crystalline ; when heated 

on a slip of platinum it melted to an oily fluid, almost as clear 

as water, which at a greater heat became brown, took fire, and 

was consumed with a smoky flame, but without leaying any 

residue. When melted with caustic potash ammonia is de- 

veloped. It is almost insoluble in water, but dissolves in 

spirits of wine; with acetic acid it forms a salt soluble 

in water. The sulphate muriate and nitrate of jervin are 

scarcely soluble in water, and in mineral acids. ‘The acetic 

solution of jervin is precipitated in copious flakes by the last- 

named acids and by ammonia, which redissolve only with dif- 

ficulty, even in a great excess ofthe precipitant. Jervin bears 

in an oil-bath a temperature of 190° centigrade, without be- 

.ing decomposed, but above 200° it becomes brown and is 

decomposed. With chloride of platinum, jervin, like all or- 

ganic bases, forms a double salt, which is best obtained by 

precipitating the acetic solution of jervin with an acid solu- 

tion of chloride of platinum, or by replacing the alcohol solu- 

tion of the acetate of jervin by chloride of platinum, and then 

evaporating it and washing the salt with water; the double 

salt precipitated from the acetate of jervin forms a beautifully 

bright yellow substance, easily washed without being decom- 

posed, which was employed in the analysis given below. 

1. 0°218 of jervin dried in the air lost at a temperature of 

100°, 0°015 of water = 6°88 per cent. 

2, 0'4575 heated to 130° lost 0°0315 of water = 6°88 per 

cent. 
D2 
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1, 0°370 jervin dried at 100° gave 0°319 water, and 1:0165 
carbonic acid. 

2. 0°203 gave 0:178 water and 0°555 carbonic acid ; 0°398 
at 17°°8 centigrade, and 27" 6" of barometer gave 17*4 
cubic centimeters of nitrogen gas = 16°11 centigrade, and 
at 0° centigrade, and 28 Rhenish inches of barometer. 

This gives for the composition of jervin in 100 parts, 
I 

Carbon ...... 75°96 75°60 
Hydrogen ... 9°57 9°74 
Nitrogen...... 5°38 5°38 
Oxygen ...... 9°09 9:28 

100'00 100:00 

To find the atomic weight the platinum in the double salt 
was determined by burning. It melted, became black, and 
burned away with flame. 

I. 0:1237 gave 0°018 of metallic platinum = 14°55 per 
cent. As the atomic weight we deduce for the double salt 
the number 8476°83; for the muriate of jervin 635803, and 
for the anhydrous base 5902°90. 

II. 0-094 of the double salts gave 0°0135 of metallic pla- 
tinum = 14°33 per cent. Hence the atomic weight of the 
double salts 8588°81; of the muriate of jervin = 6470°01, 
and of the jervin = 6014°88. 

If we calculate after these data the formula of the jervin, we 
get the following theoretical composition :— 

In 100 parts. 
60 at Carbon ...... 458610 76°41 
90 — Hydrogen .... 561°57 9°36 
4 — Nitrogen ..... 35408 5°89 
5 — Oxygen ..... 500°00 8°35 

1 at Anhydrous jervin = 6001°75 100:00 
4 — Water..... = 449°92 6:97 

1 at Crystallized jervin = 6451-67. 
For the platinum double salt we get the following com- 

position :— 
Calculated. Obtained. 

Ee : 

1 equ. muriate of jervin 6456°88 75°29 75°34 75°01 
1 — chloride of pla- 7 : : ; 

om: ee 2118°80 24°71 24°66 24°99 

1 equ. muriate of} = ——— ——- -—— -— 

platinum and >= 8575°68 100°00 10000 10000 
jervin. 2 od 
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or also 
Calculated. Found. 

l. g. 

1 equ.jervin .. 6001°75 69°98 — _— 

3 — chlorine 1327°95 15°49 —_— —. 

1 — platinum = 1233°50 14°39 14°55 = 14°33 

1 — hydrogen 12°48 014 —— —- 
—d 

1 equ. of the | 
double salt { 

Among all the organic bases hitherto analysed, there is none 

to which the jervin stands related as to its composition. 

8575°63  100°00. 

ee ee 

1X. On some new and curious numerical Relations of the 

Solur System. By S. M. Dracu, Esq.* 

[N every system of bodies circulating round a comparatively 

much greater one possessing a rotary motion, the stability 

of the orbital revolutions cannot be insured unless the se- 

condaries be placed at distances from the primary greater 

than the limit of equilibrium between the gravitating and 

centrifugal forces of the latter; otherwise the secondaries 

would ultimately inevitably fall on the primary, causing great 

devastation to both. This limiting distance, so important an 

element in the solar and planetary systems, seems hitherto to 

have been overlooked, although the distances of the planets 

from the sun, and of the satellites from their primary, are 

connected with it in a remarkable manner, as the following 

investigation will show. 
Denoting by m, 7; p, 7, the relative mass, equatorial radius, 

period of rotation, and surface gravity of a planet with re- 
centrifugal force 

gravity 

* surface of our planet, and g = the similar quantity at the sur- 

face of another, we have 

q = pe Ge verses (1) 

Supposing the planets spherical and homogeneous, and 

putting 6 = relative density, (1.) becomes 

1 
a Ps SSR Pata #6 2o( Re 

The maximum possible equatorial radius of the limiting 

spect to the earth ; and putting Q = at the 

3,1 . 
surface = Nig? and the corresponding polar one was found 

* Communicated by the Author. 
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by Laplace = 2 ae the former ; the planetary ellipticities are 
3 

q 5 75 ‘ 
confined between 2, and IE Re gq, &c. According to 

: a 1 
M. Poisson (Mec. 1. p- 367.), Q = 288908" 

With data furnished by the Ladies’ Diary for 1837, the 
following table was constructed : 

Kq.rad.in | Rel. Pol. 
Rad. Limits Ell’. miles. 

1 

© [48205:39 | 36:3942) 16153281 |24:2628 | . 38567 
na ia 96410 

8 | 758°935| 9-121] 13609 | 6-081 [1, & roy 

9. 282°604; 6°562 25006 4375 zz & sh, 

3 | 289-908] 6619 | 96995 | 4-413. gir he ake 

3 | 201-684| 5-864 12380 | 3909 | 74, & ais 

uy | 12476| 2319! 100027 | 1546 | 4 & ee 

y | s-a97| 1-765! yesi9| 177 | 2 & gh 

“a | 63-29p'| 3-988 9-65 p8 ae) 

This table suggests the following remarks : 
1. The first four planets rotating nearly in equal times, g 

is for them nearly as the density inversely, and Vv 4 o 83, 

2. With the single exception of Venus, the value of the 
relative radius appears to decrease as we recede from the sun 
according to some function of the distance. 

3. The oft-named limiting distance of a planet (16 millions 
of miles): distance of the first planet Mercury (37 millions) 
2:1:2.27::1:21::3:448 nearly, which is probably the 
true reason of 3 and 4 being the fundamental numbers of 
Bode’s law, viz. 

4 4 *+4.0- fromn:=—O0tos— 6, 

4. These researches have evolved to me a simpler and more 
universal law, embracing the comets, and secondary systems 
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of our planetary world. 
their semi-axes major (Bowdich, Méc. Cél., vol. iii.). 

Encke’s 2°224346 
Biela’s 3°53683 

Olbers’s 17°7 
_ Halley’s 17-98705. 

Putting the distance of Jupiter from the sun = 121, I find 
Limit 3:°946 = 2% Juno 62:09 
Mer. 9:005 = 32 Cer. 64°38 
Venus 16°33 = 4? Pal. 64°51 
Earth 23:26 = 5% Bie.C. 82°28 

Mars 35°45 = 6? Jup. 121°00 

En. C. 51:74 _ 4. Sat. 221-9 
Vesta 54:94 [ OLC. 411°8 

Hal.C.418°8 

Hers. 446°2 = 21°, 
wile 1 

The greatest deviation from the exact square = i Hence 

= 8? 

= 9g 

= 11? 

= 15? 

} = 20° 

39 

The four periodic comets have for 

the periodic times are nearly as the cubes of the natural num- 
bers; and the squares of the times, as also the cubes of the 
distances, are expressible by the szxzth powers of the series 1, 
2, 3, 4, &c. very nearly. 

For Jupiter’s system (Baily, Ast. Tab.), 

= 2°3716 diam. Sat. 

For the Herschelian s 

Limit  2:°319 = 25:0 or 5° 
Ist Sat. 6°049 65:2... 3? 
2nd 9°623 103°6 10? 
3rd 15°350 1654 13? 
eth) -26°998 291-0 17% 

For the Saturnian system (Baily), diam. ring = 

Ting 1765 °2=" 265 “or 5° 
Ring 2372 354 62 
Ist Sat. 3°351 50°0 si 
2nd 4°300 67°2 8? 
3rd 5°284 78°9 oF 
4th 6°819 LOL*%@, 10° 
5th 9524 14299 cg 19" 
6th 22°081 $296 =18? 
7th 04°359 960°5 31%. 

stem (Baily). 
Limit Winkhowitl 

Ist Sat. 13°120 = 96°0 or 10? 
2nd 17°022 124°3 ir 
3rd 19°845 145°2 12 
4th 22°752 166°5 13? 
5th 45°507 333°0 18° 
6th 91°008 665'9 267. 

38""42 

16-20 
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The period of this planet’s rotation being probably between 
SRM ts 

6" and 125, Vv 5 is between 1°5 and 2°5, and the correspond- 

ing square is 4°. 
5. As every body within the limit mus¢ fall on the planet, 

we may suppose the planetary sphere to extend to the limit, 
and by Kepler’s law, the rotation of a body at the limit of the 

Sun = 2547§ Saturn’s limit 86472 
Earth = 14-0086 Do. ring 134588 

Jupiter = 10'0824 Mean of do. 11° 052 

All of which are nearly coincident with the actual times of 
rotation, and from these last the true value of g and 7 may 
be found for every moon-attended planet. 

6. The greater the number of satellites, the more is the 
danger that from some internal explosion-or external shock a 
moon might be precipitated upon the surface of its primary ; 
hence the number of satellites must have influenced the rela- 
tive or actual limit. The relative distance from the limit to 
the surface of the star, is for the 

Sun =35'3942 Jupiter =1°319 
Karth = 5°619 Saturn =0°765. 

And our planet having one moon, Jupiter 4, and Saturn 7, 

1:319x4 = 5:276, <2 (0765) = 1°388, 0°765 x7 = 5°355, 
the results being nearly = the terrestrial and joval distances. 
If this be correct, the sun must have 35°394 ~ 5°619 = 6 to 
7 satellites (primary planets) capable‘of causing any serious da- 
mage, which is the exact number of the large or older planets. 

7. If ¢ denote the time, x the height above a planet’s sur- 
face (radius = 1), the equations of motion give 

ae = a a, + gq(1+2) = Oat limit. 

; d x 2 rere Whence a = Ta +gq(1+2"—1) =g(3g—gq). (3-) 

At the limit where g (1+)? =1; g being the gravity in parts 
of the radius, eq. (3.) expresses the velocity to send a body 
up from the surface of the planet, or the velocity with which 
a body let fall from the limit will impinge on the surface; 
this is per second for the Sun 1,316,500 feet, Mercury 38,000 
feet, Venus 16960, Earth 17397, Mars 7858, Jupiter 144,080, 
and Saturn 103,800 feet. 

8. The axis of the planet Venus being inclined at the sin- 
gularly low angle of 15° to its orbit, its torrid zone extends 
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to 75° latitude from its equator, and its frigid zone from the 

pole to 15° latitude, so that Venus’s arctic circles are nearer 

the equator than its tropic, and it must, therefore, have very 

hot summers and very cold winters, mitigated, however, by 

the sun’s rapid change of declination, and by its year being 

only two-thirds of ours. Mercury’s torrid zone extends only 
to 7° latitude, its frigid zone commences at 83° latitude, so 

that 76° of latitude are in the temperate zone, which must 

diminish the burning heat at that planet very considerably*. 

The tropics of the other planets being at less than 30° lati- 

tude, cause no great difference between them and the earth 

in this respect. 
9. The sun is the principal cause of the difference of mean 

annual temperature between our pole and equator ; therefore 

as this action diminishes with the planet’s distance from the 

sun, the further the planet, the more equable is its surface- 

temperature, the less is the elasticity of its atmosphere dis- 

turbed, and consequently the calmer is the atmosphere, so 

that the diminished heat and light is compensated by the 
greater purity and stillness of the atmosphere, allowing those 
agencies to be more effective. 

London, Aug, 10, 1840. S. M. Dracu. 

P.S. The sun’s relative limit less unity = 35°3942, which 
divided by 7 (the number of planets capable of causing serzous 
injury) gives 5°0563. Dividing this last number by 1, 4, 
and 7, we nearly get the limits (less 1) of the Earth, Jupiter, 

and Saturn. Applying this principle to Uranus, we have 

2: 5056 : 0°843 Bbsand + ©); » 6. 
:: 5°619 : 0°936 

1 

ay Olsyhus 

We Grsact/ 5) TSU = Orso 

ee Os tod, ee 

whereof the mean — 0°887. Hence 1887 is nearly the 
relative limit of HI = 3:984 p} p = 0°32597 sidereal day 
= 8 hours nearly, so that Hil rotates on his axis in 74 to 8 

hours. Also g = oa his ellipticity is therefore between = 

1 . ~ 
and is But the Earth’s and Jupiter’s actual oblateness is 

nearly a mean between the limits ; therefore from analogy the 
oblateness of kl = } nearly. 

Sept. 4, 1840, S. M. D. 

* This diminution would be materially assisted by an ocean, whose 
great evaporation would reduce and nearly equalize the temperature. 
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X. On the surprising intensity of current of the Sinc-Iron- 
circuit, its causes, and some allied subjects. By Prof. J. C. 
PoGGENDOREF*. . 

vu Wage author read before the Berlin Academy f of the recent 
discovery of Mr. Martyn J. Roberts, that iron, combined 

with zinc and dilute sulphuric acid, produces a considerably 
more energetic current than, under like circumstances, the far 
more negative copper. He in the first place communicated 
some observations in confirmation and extension of this fact, 
both interesting in a scientific point of view and important for 
the praxis. He showed that the superiority of the current of 
the zinc-iron circuit does not merely occur on employing di- 
lute sulphuric acid, but also with dilute nitric acid, solutions 
of caustic potash and common salt, and similar fluids; and 
indeed not solely in reference to the z¢ne- copper circuit (even 
one with double copper surface), but likewise in reference to 
circuits of zinc and silver, or zinc and platina. It was, in fact, 
necessary to give to the zinc-platina circuit plates three times 
as large as those of the zinc-iron circuit, if its current was to 
be of like intensity with that of the latter. On the other hand, 
it was found that a Daniell circuit, in which, as is well known, 
the copper is placed in a solution of the sulphate of copper, 
and the zinc separated by membrane, developes, in acid, the size 
and distance of the plates being the same, a greater intensity 
of current than the zinc-iron circuit; while, on the other hand, 
that a combination constructed after Daniell’s circuit, namely, 
a circuit in which the iron is placed in a solution of the sul- 
phate of the protoxide of iron, produces a current of very in- 
considerable energy. 

The author then passes on to the explanation of these phe- 
nomena, respecting which Mr. Roberts has offered no opinion, 
and which, indeed, according to the views at present enter- 
tained in England on galvanism, could hardly be given in a 
satisfactory manner. 

And yet the explanation has not far to be sought for. We 
have long known, says the author, that the intensity of a cur- 
rent of a voltaic circuit depends on two things,—the electromo- 
tive force and the resistance. We know, moreover, that it is 
the quotient from the division of the former by the latter. 

* Translated and communicated by Mr. William Francis, from Poggen- 
dorff’s Annalen, vol. |. p. 255. 

+ This notice is taken from the Reports of the Royal Berlin Academy, 
and must be considered merely as a preliminary notice with reference to 
the main subject; a more accurate numerical determination of the ele- 
ments treated of will follow in a short time. 
t Announced by Mr, Roberts in L. and E. Phil. Mag., vol. xvi., p. 142. 
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Now the electromotive force between zinc and iron is, it is 

true, smaller than that between zinc and copper, silver or pla- 

tina, which is evident from this, that when it is combined in the 

opposite sense with one of the last-mentioned circuits into a 

system, it is immediately overpowered by it: but that resist- 

ance in two circuits which are alike in all except in the nature 

of the plates, constitutes the sole or essentially different ele- 

ment; viz. the resistance of transition is, as Fechner has shown, 

in general likewise small in metals which are attacked by the 

liquid of the circuit. If now, as might hence be supposed, this 

resistance is smaller in iron with acids and solutions of salts 

than in copper, and indeed in still greater proportion smaller 

than the electromotive force between zine and iron, in com- 

parison to that of zine and copper, it is evident that, all other 

circumstances being equal, the current of the zinc-iron circuit 

must be stronger than that of the zinc-copper circuit. 

If, however, the iron circuit owes its greater intensity of 

current to the smallness of its resistance of transition, then its 

current must possess a slighter tension than that of the cop- 

per circuit, or in other words, it must be weakened by the in- 

sertion of a foreign resistance of some consideration in a greater 

proportion than that of the latter circuit. The testing of this 

circumstance must decide as to the correctness of this expla- 

nation. 
The author has undertaken such an examination, it is true, 

in want of an apparatus of measurement, only with the help 

of a common galvanometer, which for quantitative determina- 
tions is an ill-suited instrument, but will however afford for the 
present case a sufficient approximation. The presupposition 
was made that the intensity of the current must be propor- 
tional to the tangent of the deviation. This presupposition is 
evidently false: the force increases in a greater proportion 
than the tangent of the angle of deviation, since the needle on 
rotation goes further from the convolutions of the wire. But 
exactly because the force increases in greater proportion than 
the tangent of the angle of deflection,—the stronger forces, 
therefore, were estimated in a greater proportion too small 
than the weaker,—the conclusions drawn from the measure- 
ments under that presupposition must deserve the more con- 
fidence. 

The plates employed were all of equal size, 1 inch broad, dip- 
ped 2°5 inches into dilute sulphuric acid, and stood 5 lines from 
each other. The current of the two circuits, that of zinc-iron 
and that of zinc-copper, were successively measured in the 
above-mentioned manner under two circumstances ; once when 
the circuit was merely closed by the 11-foot long and $-line 
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thick multiplier wire; and then, when to this a wire of Ger- 
man silver, about 50 feet in length and of the same thickness, 
the resistance of which is nearly equal to that of a 50-feet long 
copper wire of the same thickness, was added. ‘To render the 
galvanometer suited for the measurement of forces of some in- 
tensity, a similarly directed position was given to its needles. 

In three éxperiments made at different times, the intensity 
of the current corresponding to the smaller resistance, which 
may be expressed for each by 100, sunk, by the insertion of 
the greater resistance, in the following proportion: 

Copper-circuit. Tron-circuit. 
100-1)" 176 TOO SEZs 
400 2) 19°6 100 : 14°4 
LOO! Vs eLyZ 1090.9 S? S1S:6 

The greater weakening current of the iron circuit is here so 
evidently expressed, that no doubt can remain as to its real- 
ity, especially if we consider that it is the intensity of the cur- 
rent of this circuit which, as the greater, in both cases, and 
especially in the smaller resistance, has been estimated too low 
more than that of the copper circuit. It may, therefore, be 
regarded as good as proved by these measurements, although 
they are but approximations, that the ascendency of the in- 
tensity of the current of the iron-circuit is founded on the 
smallness of its resistance of transition. 

In the just-mentioned measurements, the current of the 
iron circuit was more weakened than that of the copper cir- 
cuit by the interposition of the 50-feet long German silver 
wire. It remained, nevertheless, always considerably stronger 
than the latter, as will be evident from the following compa- 
rison of the intensities of the current of both circuits: 

Iron : Copper Tron : Copper 
with smaller resistance. with greater resistance. 

Zofia 7 LOO RG 12 000 
Zo0r i 100 |e (aba! 
225 us +00 U7Sip he ee CO 

But it is evident that we can, by continued increase of the 
inserted resistance,—presupposing naturally that it be both as 
to size, immersion, and distance of the plates, equal for both 
circuits,;—at last arrive so far as to make the current of the 
iron circuit not only as weak, but even weaker than that of the 
copper circuit. 

The author has attempted to test the theory even on this 
interesting point, but he did not succeed, with the means at 
his disposal, with equal and indeed with the stated size of the 
plates, even in attaining an equality between the intensity 
of current of both circuits. The currents, it is true, can be 
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weakened very easily, and in any degree, by the interposition 
of a long column of liquid, but they then become unmeasura- 
ble if the multiplying (multiplicatorischen) means be not in- 
creased in the same proportion. A multiplier, with 16 to 
20,000-feet long copper wire, such as employed by Fechner, 
is an essential requisite for such inquiries. 

On the other hand, it will be perceived that the ascendency 
of the current of the iron-circuit will sink in that measure more, 
when we, under otherwise like circumstances, take the plates 
of both circuits larger, but still remaining equal; but evidently 
a considerable size of the plates will be requisite to render the 
current of the copper circuit more powerful, or even as pow- 
erful as that of the iron circuit. 

And therefore it is that the discovery of Mr. Roberts is of 
importance in the practical application. With moderate size 
of plates and moderate resistance, which may already at pre- 
sent be foreseen, we may in all the usual circuits and piles 
substitute iron with considerable advantage for copper, both 
with respect to ceconomy as well as to action; and the more 
so in piles or many-membered circuits, as the ascendency 
of the zinc-iron combination over that of zinc-copper must 
increase with the number of plates. 

The author, intending subsequently to communicate more 
accurate measurements on this as well as on allied subjects, 
is induced, however, to observe, that the iron circuit, al- 
though not affording a constant current, still possesses, in so 
far, a not inconsiderable advantage over the copper circuit, 
as the intensity of the current decreases with it slower than 
with the latter. 

Lastly, the iron-circuit is therefore of much interest, for 
the theory, in as far as it perhaps exhibits more distinctly and 
decidedly than any other known phznomenon the presence 
and influence of the resistance to transition still doubted by so 
many*. ‘There is a whole series of similar phaenomena, espe- 

* Even the author was formerly inclined to suspect in the resistance to 
transition, at least partially, an effect of the discharge, which, indeed, ac- 
tually occurs in many observations not entirely foreign to the above. But 
experiments made by him on the passage of the currents of Saxton’s ma- 
chine through fluids, in which a discharge in a perceptible degree cannot 
have place, convinced him subsequently, most decidedly, of the existence 
of such a resistance. The first interposition of a thin layer of fluid in the 
circuit produced a resistance at least four to five times as great as the dou- 
bling of this layer, as could be observed by means of an air-thermometer, 
and a peculiar, well-adapted arrangement for the accurate measurement of 
resistances. ‘That, moreover, the resistance of transition with iron, even 
in a solution of caustic potash, a liquid which does not dissolve this metal, 
is smaller than with copper, evidently proves that this resistance is not 
always in inverse ratio to the chemical attack, which, indeed, has long 
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cially in the contrary sense, 7. e. cases where weakness of cur- 
rent is connected with considerable magnitude of the electro- 
motive force; but one which points to the cause so clearly as 
the iron circuit, might perhaps not easily be found a second 
time. 

Hitherto the author has only succeeded in discovering one 
pair, and that moreover less prominent, analogous to the zinc- 
iron circuit. This is a circuit of amalgamated zinc and common 
zinc. This produces (the size and distance of the plates being as 
above, charged with diluted sulphuric acid, and merely closed 
bya multiplier-wire 11 feet long) a more powerful current, than 
under similar circumstances, one of amalgamated zinc and cad- 
mium or tin. Since cadmium and tin are more negative than 
zinc, consequently the electromotive force of the latter circuits 
greater than that of the former, it is evident that the greater 
intensity of current of this can likewise solely be founded on 
its slighter resistance to transition. It is likewise conceivable 
that, from the smallness of the electromotive force of a cir- 
cuit of amalgamated and common zinc, there can be but few 
combinations with the first metal as positive member which 
are inferior to it in intensity of current. And this is really 
the case. Already a circuit of amalgamated zinc and brass 
or copper produces, notwithstanding its greater resistance to 
transition, a more powerful current. 

Another fact belonging here, is that the amalgamated zinc, 
which, from its being considerably more positive than the non- 
amalgamated, is usually regarded as far more effective than 
the latter (which has even given rise to special explanations), 
does in fact only produce a current of less great intensity 
than the non-amalgamated, when it, as this, is connected with 
the circuit by a negative metal, a dilute acid and a connecting 
wire of moderate resistance. The current from amalgamated 
zine and copper is in so slight a degree stronger than that 
from non-amalgamated zinc and copper (all other circum- 
stances in both circuits being alike), that a momentary re- 
moval of the plates from the acid, or any other mode of open- 
ing the latter circuit, suffices to give to this in intensity of 
current the ascendency over the former*, This equilibrium 
even follows of itself after no very long time. The advantage 
of employing amalgamated zinc in the construction of voltaic 
piles, consists, therefore, almost solely in no metal being use- 
lessly expended: little is gained in effect by it. 

since been known from its decrease in platina, by moistening this metal 
with nitric acid. 

* This, as well as the previously-mentioned comparisons, were made with 
the so-called differential-galvanometer. 
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The author remarks, in conclusion, that amalgamated iron 
(which is obtained without difficulty by immersing iron in a 
solution of the chloride of mercury, or in metallic mercury to 
which a dilute acid has been added), combined with zinc and 
acid, produces a considerably weaker current than, under simi- 
lar circumstances, the non-amalgamated iron: it is, however, 
still much more powerful than that from a zinc-copper cir- 
cuit. Amalgamated iron is less attacked than the non-amal- | 
gamated by dilute sulphuric acid, and is somewhat more nega 
tive. ‘The latter circumstance, connected with the silvery 
lustre of the amalgamated iron, shows distinctly the insuffi- 
ciency of the position lately advanced by Vorsselman de 
Heer, that amalgamated zinc is more positive than the non- 
amalgamated, from its surpassing this in lustre; an asser- 
tion which, if not already disproved in general by the well- 
known action of alloys, of which just as many stand be- 
low and above as between their constituents in the electro- 
motive scale, would be contradicted by the fact that non- 
amalgamated zine still always remains considerably negative 
towards the amalgamated, even when it has acquired the 
greatest possible degree of lustre by filing. An inquiry re- 
specting the order of succession of various easily oxidizable 
metals, in the amalgamated and non-amalgamated state, gave 
the following result, enumerated from the positive to the nega- 
tive: amalgamated zinc, zinc, cadmium, amalgamated cadmium, 
amalgamated tin, amalgamated lead, lead, tin, iron, amalgama- 
ted iron. Of these five metals, therefore, three, viz. zinc, tin, 
lead (the latter, however, but very slightly), are in the amal- 
gamated state more positive, two, on the contrary, cadmium and 
wron, more negative in this state than in the non-amalgamated. 

XI. Additional Observations on the Voltaic Decomposition 
of Alcohol. By Arruur Connet, Esq., F.R.S.Ed., Pro- 
JSessor of Chemistry in the United College of St. Salvator’s 
and St. Leonard’s, St. Andrew's. Read at the Meeting of 
the British Association in Glasgow.* 

[* the course of the experiments by which I endeavoured 
to establish, some years ago, that under powerful voltaic 

agency, the water entering into the constitution of absolute 
alcohol is resolved into its elements, the hydrogen being 
evolved at the negative pole, and the oxygen going to the 
positive, where it is usually employed in producing a second- 

* Communicated by Sir David Brewster. 
j Transactions of the Royal Society of Edinburgh, vol. xiii. and Lond, 

& Edinb. Phil. Mag, 1835. 
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ary action, although under particular arrangements it sepa- 
rates and becomes visible ;—I showed that the galvanic agency 
was greatly increased by dissolving minute quantities of potash 
in the alcohol, so small a quantity as ;,4,5th part having a 
decided influence ; this effect being, as 1 conceived, due to an 
increased conducting power of the liquid, and to the disposing 
affinity of the potash for the products of the secondary action 
of the oxygen. Notwithstanding the very insignificant quantity 
of the dissolved alkali which was capable of producing this 
result, and the circumstance that the voltaic decomposition 
took place without its aid, as well as by adding saline substan- 
ces which do not contain water, and that the quantity of hy- 
drogen collected greatly exceeded that contained in the water 
of the dissolved potash, it was objected in more than one 
quarter, that the increase of effect was due to the water of the 
hydrate of potash employed. It afterwards occurred to me 
that every cavil might be obviated by employing small quan- 
tities of potassium instead of potash. It is known that when 
potassium is dissolved in alcohol, it is oxidated with evolution 
of hydrogen ; and when the solution is carried to saturation, 
a solid compound is obtained of anhydrous potash and ether. 
Hence, if a minute portion of potassium is dissolved in ab- 
solute alcohol, a corresponding quantity of anhydrous potash 
will remain in solution; and thus we can increase the proportion 
of the dissolved body as we think proper without the fear of 
adding water. Accordingly, it was found that minute quan- 
tities of potassium had precisely the same effect as minute 
quantities of potash in promoting the voltaic agency. ‘The 
quantities of elastic fluid collected in such experiments are 
necessarily small, because a considerable electric action is 
required; and when we carry the power beyond a certain 
point, the action is so violent that the liquid is thrown into 
ebullition, and the foils are soon left bare. 

About a drachm of alcohol (sp. gr.*7918, at 66° F.), witha 
quantity of potassium dissolved, equivalent to 74 of anhydrous 
potash, yielded, under the action of seventy-two pairs of four- 
inch plates, 0°8 cubic inch of hydrogen from the negative pole 
in 1" 5"; and when the dissolved anhydrous potash was 745, 
0‘99cubicinch were obtained inthesame time. In these experi- 
ments the greatest energy of the battery was not brought into 
action, as is done by placing the platinum foils parallel to one 
another. ‘Their extremities were simply approached to one 
another in the alcohol. After an hour’s action the evolution 
of gasslackened considerably; so that after two anda half hours’ 
action, the quantity collected was about 1} cubic inch from 
the beginning. But by re-charging the battery, and adding 
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a little more potassium to the same alcohol, we can renew the 
effect. Thus in an experiment where, with a quantity of po- 
tassium dissolved equivalent to 74, of anhydrous potash, 
115 cubic inch of hydrogen was obtained, and the discharge 
had much slackened, as much more potassium was added to the 
same alcohol, and the charge of the battery was renewed. 
The flow of gas then became as rigorous as ever, and in two 
hours from the renewal 1°04 cubic inch of additional hydrogen 
was obtained, or 2°19 cubic inches from the commencement of 
the experiment; and after some hours’ longer action, 23 cubic 
inches in all were collected. It is thus evident that, by suc- 
cessive additions of small quantities of potassium and renewals 
of the charge, we might decompose any proportion of the water, 
entering into the constitution of the alcohol, we think proper. 
In all these experiments similar secondary products of oxida- 
tion were formed at the positive pole as formerly detailed. 

In repeating, on a larger scale, the experiments in which a 
comparison was instituted between the quantity of hydrogen 
evolved from alcohol and that evolved by the same current 
from water, I found that several circumstances require to be 
attended to. The platinum foil poles ought not to be placed 
parallel to one another in the alcohol containing dissolved 
potash or potassium, because a portion of the hydrogen, from 
being produced in near proximity to the other pole, enters 
into the constitution of the secondary products of oxidation, 
and the quantity evolved is thus diminished. And even when 
the extremities only of the foils are approximated to one an- 
other, and the negative is kept uppermost, there still is a cer- 
tain diminution of the hydrogen liberated, unless where other 
circumstances of powerful action are employed. ‘Thus where 
zt; of anhydrous potash was in solution, and seventy-two pair 
of four-inch plates were employed, the quantity of hydrogen 
liberated from water, acidulated with 74 of sulphuric acid within 
the first hour, was usually about one-quarter greater than that 
from the alcohol; and if the action was longer continued, the 
difference continued to increase. The cause of this I conceive 
to be twofold ; first, that a part of the hydrogen, unless when 
very rapidly liberated, is absorbed by the liquid and enters 
into the constitution of the substances formed at the positive 
pole; and second, that when the solution diminishes consider- 
ably in conducting power the electric action diminishes also ; 
a result which may be imitated by passing the same current 
through distilled water, and water acidulated with sulphuric 
acid, when the hydrogen liberated from the pure water will 
be found to be notably less than that from the well-conduct- 
ing fluid. 

Phil, Mag. S, 3. Vol. 18. No, 114. Jan. 1641. E 
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To obtain a satisfactory result, we ought to dissolve a some- 
what larger quantity of potassium in the alcohol, and employ 
a still more energetic electric current, and foils approached to 
one another in the same plane, when the quantities of hydro- 
gen liberated from the two fluids will be found to be very 
nearly equal in amount; and the comparison is best instituted 
during the early stages of the action, because the potash gets 
saturated with the secondary products of oxidation, and the 
conducting power diminishes, whilst the electric energy is also 
on the decline. 

I still consider the experiments, now and formerly detailed, 
to afford the only direct experimental proof which we yet have 
of the existence of water, as such, in absolute alcohol. The 
oxidation of potassium in alcohol, with evolution of hydrogen, 
is perhaps the nearest approach of other experiments to such 
evidence; but still the tendency to form ether, and the affinity 
of potash for that substance, might give rise to the evolution 
of hydrogen. But it appears to be quite impossible, on elec- 
tro-chemical principles, to suppose, that under electric agency 
a part of the hydrogen of the alcohol should go to one pole, 
and the remainder, with its other constituents, to the other, 
there being no evidence of any one substance at the positive 
pole, which could have been in combination with hydrogen 
as an electrolytic compound; and, besides, we have direct 
proof that it is oxygen which passes to the positive pole, 
because the effects which take place there are effects of 
oxidation, and under particular arrangements that oxygen 
becomes even visible. We have thus oxygen going to the 
one pole and hydrogen to the other, and the latter in the pro- 
portion in which it exists in water ; and it is only a truism to 
say that the direct voltaic decomposition of any substance can~ 
not take place, unless that substance previously has a distinct 
and substantive existence. 

XII. On the Electricity of Effluent Steam. No. U1. By W.G. 
ARMSTRONG, Esq. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 
7* concluding my last communication on the above subject*, 

I alluded to experiments which had then been commenced 
to try the effect of insulating the boiler and entirely conden- 
sing the issuing steam. ‘These experiments have since been 
completed, and many others have also been tried which sub- 
sequently suggested themselves, all of which I shall now pro- 
ceed to describe. 

* See our last Number, vol. xvii., p. 452. 
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_ The insulation of the boiler was effected by lifting the en- 
gine with screw-jacks, until the wheels were raised about six 
inches above the rails, and then supporting it upon four insu- 
lators which rested upon logs of timber. ach insulator con- 
sisted of three separate pieces of baked wood, coated-with 
pitch, and having layers of pitch and brown paper placed be- 
tween them. The middle piece was made larger than the 
other two, so as to project beyond them, and thereby increase 
the surface without adding to the height of the insulator, 
which would have been dangerous ; and the three pieces when 
put together formed a block, of which a representation is an- 
nexed (fig. 1.). 

As soon as the engine was placed on the insulators, the 
boiler was filled with water, and Fig. 1. 
the fire lighted, and as the press- 
ure gradually rose in the boiler, 
the steam was occasionally suf- 
fered to escape. 

The engine indicated no elec- 
tricity whatever so long as the 
steam was confined in the boiler, 
but became negatively electri- 
fied as soon as any escape was permitted. A very trifling 
escape proved sufficient to render the negative electricity of 
the boiler sensible, and when the steam was very freely dis- 
charged the negative development became exceedingly power- 
ful, The sparks never much exceeded an inch in length, but 
were very large and brilliant, and, owing no doubt to the 
magnitude of the body from which they were drawn, they pro- 
duced effects fully equal to those obtained by the use of an 
average-sized Leyden jar. Some idea of their potency may 
be formed from the fact, that when not more than half an 
inch in length, they easily ignited a piece of cotton wool filled 
with powdered resin. 

The greatest care was taken to ascertain whether the ex- 
tent of the electrical development was at all dependent upon 
the density of the steam in the boiler; and it was found that 
when the discharge from the valve was so regulated in the 
different trials as to render the actual quantity or weight of 
steam ejected in a given time as uniform as possible, the ne- 
gative electricity of the boiler increased a little with the press- 
ure, but the positive electricity, drawn by the pointed con- 
ductor from the issuing steam, increased enormously as the 
density of the steam was augmented. After the fire had been 
extinguished at the close of the experiments, and the pressure 
had subsided to six or eight pounds on the square inch, sparks 

E2 
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could no longer be obtained from the conductorheld in the 
steam, but the negative electricity of the boiler continued to 
produce sparks until the steam was entirely exhausted, or as 
nearly so as possible. These results appear to indicatethat 
a jet of high-pressure steam is not in reality much more elec- 
trical than one of low-pressure steam, but merely that the 
electricity of the high-pressure jet is more easily collected. 

The insulation of the boiler undoubtedly had the effect of 
diminishing the positive electricity obtained from the steam, 
but not to such an extent as might have been anticipated. 

A glass tube A (fig. 2), with a cock C affixed to it, having 
been inserted in the boiler in the manner described in my last 
letter, another glass tube B, about four feet long, was attached 
to the cock, and supported at the end furthest from the boiler 
by a glass rod fixed in the insulating stool. A small brass 
cylinder D. having a number of pointed wires projecting 
from one end into the inside, as shown in the section (fig. 3), 

Fig. 2. 

was then joined to the glass tube B, and to this cylinder was 
added a third glass tube If, so as to extend the channel through 
which the steam was to be conveyed. A wire with forked 
points was affixed to the top of the tube E for the purpose of 
collecting the electricity of the jet, and from this wire a pair 
of pith-balls was suspended. Another pair of pith-balls was 
in like manner suspended from a wire screwed into the brass 
cylinder, all which arrangements will be clearly understood 



Mr. W. G. Armstrong on the Electricity of Effluent Steam. 53 

by reference to the figure. The cylinder, and a great part of 

each of the tubes, were enveloped in flannel, so as to prevent 

condensation as much as possible. The chief object of this 

apparatus was to test the electrical condition of the steam be- 

fore it issued into the air, both when the boiler was insulated 

and when it was connected by a conductor with the earth. 

An iron bar was then placed against the engine to establish a 

communication between it and the ground, and the cock being 

opened, a current of steam mixed with water issued from the 

tube E. Under these circumstances both pairs of balls re- 

mained stationary, the electricity being probably carried off 

by the water which escaped with the steam. As the tubes 

became heated the quantity of water discharged with the steam 

was reduced to a mere spray, and both pairs of balls then 

slightly diverged with positive electricity, the upper pair ex- 

panding rather more than the lower pair; but upon partially 

closing the cock both pairs of balls expanded fully three times 

as much as they had done when the cock was fully open ; and 

then gradually converged, arriving at their original position 

after the lapse of about a minute. 
I was at first exceedingly puzzled how to account for this 

singular effect of attenuating the steam, but I now think it 

may be explained as follows. It is probable that the moisture 

of the steam when the cock is fully open is sufficient to enable 

it to conduct great part of the electricity of the jet back again 

to the boiler; but that as soon as the temperature of the steam ° 

is reduced by the attenuation below the temperature which 

the tubes have previously acquired from the high-pressure 

steam, its dryness is so far increased as to prevent the trans- 

mission of electricity from the jet to the boiler, but not from 

the jet to the cylinder, which is a much nearer object. As the 

tubes cool down to an equality with the steam the dampness 

returns, and the electricity is again in a great measure carried 

back to the boiler. 
The iron bar was then removed from its contact with the 

boiler so as to restore the insulation, and the engine was ren- 

dered intensely negative by a copious emission of steam from 

the safety-valve. ‘The cock being again fully opened, both 

pairs of balls diverged strongly with negative electricity ; and 

by diminishing the escape from the valve to a certain point, 

and then partly closing the cock, the upper balls indicated 

positive, and the lower ones negative electricity. When the 

escape from the valve was entirely prevented and the cock 

fully opened, both pairs of balls remained in a collapsed state, 

but on partly opening the cock they both diverged for a short 

time with positive electricity to much the same extent as they 
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had previously done while the boiler communicated with the 
earth by means of the iron bar. 

It is important to state that when the balls were repelled 
with negative electricity, they collapsed very considerably when 
the cock was touched by the hand, but when they diverged 
with positive electricity no effect was produced by touching 
the cock, which strongly favours the supposition that the 
positive electricity manifested by the lower pith-balls, was 
conducted to the cylinder from the jet. 
A coil of lead pipe, immersed in a glas jar filled with wet 

snow, was then placed upon the insulating stool and connected 
with the tube B, after the brass cylinder had been detached ; 
and the iron bar was again placed against the boiler to suspend 
the insulation. Upon opening the cock to the full extent, 
little or no electricity could be discovered in the coil, but 
when the cock was partly closed, positive electricity appeared 
for a short time and then faded away exactly as in the expe- 
riments with the brass cylinder. Upon removing the con- 
nexion between the boiler and the earth and raising the valve 
the coil became highly negative, but upon closing the valve 
the negative electricity vanished. 

I have little doubt that the predominance of the negative 
over the positive electricity in the above experiment is attri- 
butable to the conducting power of the steam causing more 
negative electricity to be conveyed to the coil from the boiler, 
than the coil would acquire if the steam were a non-conductor. 
When negative electricity was in like manner so strongly 
manifested by the pith-balls in the experiments with the brass 
cylinder, it was noticed, that after closing the cock, while the 
interior of the tubes were bedewed with moisture, scarcely 
any negative electricity was transmitted to the balls, so that 
the conducting power must have been in the steam, and not 
in the mere dampness on the glass. 

A vertical glass tube, about an inch in diameter, and be- 
tween two and three feet long, was then screwed on to the 
cock in substitution of the tube B. The lower part of this 
tube contained a number of pointed wires for the purpose of 
abstracting and imparting to the cock any electricity which 
the steam might possess on entering the tube. When the 
cock was now fully opened, flashes of light began to dart 
through the whole length of the tube, from the cloud above 
it to the cock, and continued to do so as long as the cock re- 
mained open, both when the boiler was insulated, and when 
it was connected with the earth. The steam in the tube was 
perfectly transparent, and no moisture could be seen on the 
inner surface of the glass. 
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The visible transmission of electricity from the jet to the 
cock, in this experiment, furnishes convincing proof that the 
positive electricity which we find in the jet is not developed 
until the steam assumes the form of a visible vapour; and it 
shows also that the steam, even in its transparent state, is, as 
I have already surmised, a tolerable conductor of electricity. 

I will now venture to offer such an explanation of the elec- 
trical phenomena of effluent steam, as I conceive to be most 
consonant with the experiments I have described in this and 
my preceding communication. 1 

Independently of the experimental proofs which have been 
adduced of the neutral state of the steam up to the instant of 
its transformation into an opake vapour, the water and the 
steam must be so thoroughly intermixed in the boiler of a 
locomotive engine, as to render it impossible for the steam to 
become electrified with positive electricity without immedi- 
ately imparting it to the water. 

I assume,'then, as a fact, established both by reason and ex- 
periment, that the steam is in a neutral state in the boiler ; 
and I think I am equally supported in saying, that it does 
not exhibit positive electricity, after leaving the boiler, so 
long as it retains its aeriform nature. 
We learn from experiment that a development of negative 

electricity in the boiler accompanies the emission of the steam ; 
and since the negative development in the boiler is obviously 
independent of the subsequent condensation of the steam, it 
follows, that if the effluxion of the steam could be effected 
without permitting any condensation to take place, we should 
then have a development of negative electricity in the boiler 
without any simultaneous development of positive electricity ; 
and in like manner if the ejected steam were subsequently 
condensed into water, we should then have a liberation of 
positive electricity without a concomitant liberation of negative 
electricity. 

These conclusions are entirely incompatible with the theory 
of two electric fluids, but are quite reconcileable with the 
hypothesis of a single fluid. It seems perfectly rational and 
consistent with analogy to suppose, that the immense aug- 
mentation of volume which takes place when water ex- 
pands into steam of any ordinary density, should occasion a 
greatly increased capacity for electricity; and consequently, 
that the quantity of electricity which suffices to produce a 
neutral or saturated state in water, should be quite inadequate 
to sustain that condition when the water is converted into 
steam. Upon this supposition the steam as it forms in the 
boiler will absorb electricity from the adjacent conductors in 
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order to acquire a neutral or saturated state, and when by 
condensation it again becomes water, the electricity thus ab- 
sorbed will necessarily be set free; and hence the positive 
electricity which we find in the jet. 
Upon the same principle, if the boiler be insulated, the water, 

the boiler, and the uncondensed steam, will all be rendered 
negative, provided the steam be permitted to escape, but not 
otherwise; for if the steam be confined within the limits of the 
boiler, the evaporation will not be attended with any zncrease 
of volume, and the absorption of electricity will in consequence 
be prevented. In all these respects the theory exactly ac- 
cords with observation. 

I am bound, however, to admit that the explanation which 
I have here advanced, involves certain conditions which ap- 
pear somewhat at variance with experiment. In the first 
place the condensation of a given weight of low-pressure 
steam ought, if the absorption of electricity depends upon 
increase of volume, to liberate more positive electricity than 
the condensation of an equal weight of high-pressure steam ; 
and in the second place, the expansion of steam from one de- 
gree of density to another should, on the same principle, be 
accompanied by a development of negative electricity. Not- 
withstanding, however, what has been advanced in favour of 
high-pressure steam containing more electricity than steam 
of low density, I think it quite possible that the reverse of 
this may be the fact; for it is not at all improbable that a low- 
pressure jet may conduct so large a portion of its electricity 
back again to the boiler as to make it appear to liberate 
less electricity than a high-pressure jet, while in reality it may 
develope a great deal more. It is quite reasonable to suppose 
that the conducting power of steam should be increased by 
rarefaction ; and besides, in order to make a fair comparison 
between the quantities of electricity liberated by two jets of 
steam, it is indispensable that they should discharge equal 
weights in equal times, and to effect this condition it is neces- . 
sary to discharge a much larger volume when the steam is of 
low pressure, than when it is of great density, and by so doing 
we unavoidably increase the quantity of unvaporized water 
swept out of the boiler in conjunction with the steam, and 
thus improve the communication between the jet and the 
boiler, and at the same time cause a considerable dispersion 
of the electricity. 

With regard to expansion producing negative electricity, 
I have certainly never detected such a result; but I much 
question whether in any of the above experiments expansion 
was effected without an aqueous condensation sufficient to 
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produce a countervailing effect; or the insulation was ever 
sufficiently perfect to prevent feeble negative electricity being 
carried off, or overwhelmed by the positive electricity deve- 
loped in the jet. 

Mr. Nicholson has zealously cooperated with me in the 
experiments I have described, and it is our intention to make 
a further attempt to clear up the difficulties which still em- 
barrass the subject. 

The limits of this letter will not permit me at present to 
enter upon any discussion on Dr. Schafhaeutl’s interesting 
paper which appeared in your last publicatlon. 

Newcastle-upon-Tyne, Wo. Gro. ARMSTRONG. 
Dec. 19, 1840, 

XIII. Proceedings of Learned Societies. 
ROYAL SOCIETY. 

Anniversary Address of the Marquis of Northampton, President, 
November 30, 1840. 

GENTLEMEN, 
N addressing you at the termination of this, the second year that 

I have had the honour of presiding over your Society, my first 
duty is to return my thanks to those gentlemen whom you have 
nominated to be my Council. They have rendered an onerous duty 
comparatively light and easy by their unremitting attendance and 
zeal ; and have, as I trust, prevented your affairs from suffering from 
any incompetency on my part. In making my report of the trans- 
actions of the last year, I know of nothing to regret, except the loss 
of some of our valued Associates, who between the end of last No- 
yember and the present time have paid the debt of nature. 
Among the new members enrolled in our body, it will perhaps 

be right to mention the name of the Bishop of Norwich, as being 
President of the Linnean Society, one of the oldest branches that 
may be considered as thrown off from our parent stem. Also that 
of the Duke of Richmond, as President of the two newest Asso-~ 
ciations founded for the promotion of science, the Royal Agricul- 
tural and Botanical Societies. We have one new member of still 
higher rank, who has honoured us by becoming one of cur Fellows, 
H. R. H. Prince Albert, the consort of our beloved Queen and 
Patroness. As your organ, Gentlemen, I will venture to say that 
you duly appreciate the honour conferred on yourselves ; at the 
same time while His Royal Highness gratifies us by joining our 
body, we entertain no doubt that he does so from the just conviction 
that the patronage and advancement of science are national objects 
of the deepest importance. 

The Antarctic Expedition, to whose departure I adverted in my 
last year’s Address, is, I trust, now successfully pursuing its career 
of scientific research. Already a portion of the fruits of its labours 
has reached us, and promises an abundant and valuable harvest. 
The fixed Magnetic Observatories on the territories of Her Majesty 
are now also in full operation; while foreign powers have given us 
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the assistance of observations made at the same instant of time, and 
on the same system as our own. I have the satisfaction to state, 
that these observatdries exceed forty in number *. 
While these researches are being made by our own and other states, 

private enterprise is not idle. Mr. Enderby, to whom geography 
is already indebted, has sent out a vessel for the purposes of discovery 
in the Antarctic seas, with the object of approaching as near as may 
be to the Southern pole. His ship is navigated by Mr. Mapleton, 
an officer who had been selected by Her Majesty’s Government to 
take a part in Captain Ross’s expedition; but he had not returned 
to England before that Expedition had sailed. We may well hope 
that he will merit this double confidence, and that he will, if his life 

be spared, add another wreath to the laurels of England, won by a 
Parry and a Ross, a Cooke and a Vancouver. i 

You are aware, Gentlemen, that previously to the departure of the 
late expedition, the Council of the Royal Society was requested by the 
government to draw up a statement of the most desirable objects in 
science to which the attention of the officers employed might be 
directed. With this request, as you might also know, the Council 
immediately complied; and in the execution of the duty thus de- 
volved on us, the assistance of the Scientific Committees was our 
principal means of success. Since that time it has occurred to us, 
that the same recommendations, in rather a different shape, might 
be of great use to other scientific travellers. We have accordingly 
taken considerable pains in perfecting these suggestions, which we 
have caused to be printed for the public in generalt. We have 
already furnished copies to the Commander of the Expedition to the 
Niger, and I hope that, in addition to his higher objects, he may be 
enabled to promote our acquaintance with the details of the geo- 
graphy and natural history of those imperfectly known parts of the 
lobe. 

: I have the satisfaction to inform you, that by desire of the Council 
Mr. Shuckard has completed a Catalogue of the valuable manuscript 
letters in our library, among which are many from Ray, Willoughby, 
Newton, Boyle, Hook, and other eminent men, which we trust may 
serve as a useful aid to those Fellows who may wish to consult do- 
cuments of so much interest and value. 

You will also be glad to know that Mr. Halliwell, one of our 
Fellows, has undertaken and executed the task of making a eata- 
logue of the miscellaneous manuscripts in our library ; a labour for 
which I am sure you will feel much indebted to the author. In this 
collection the Society possesses one most valuable manuscript, the 
Principia in the hand-writing of the immortal Newton. 

The Royal Society, Gentlemen, was founded for the advancement 
of natural knowledge, not for any purposes of private advantage or 
vain glory. It must, therefore, always hail the foundation and 

[* See L. & E. Phil. Mag. vol. xiv. p. 137; also vol. xv. p. 224; for an 
account of the instrument and mode of observation to be employed in the 
magnetic observatories founded by the British government: also vol. xvi. 
p. 598, xvii. pp. 144, 418.—Eprr. | 

[+ A portion of these recommendations, relating to physics and meteo- 
rology, will be found in L, & E, Phil. Mag. vol. xv. p. 177.—Ep1r.] 
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prosperity of new bodies of scientific men, brought together by the 
same object in particular branches of science, either in the abstract, 
or connected with important arts and manufactures. It cannot but 
rejoice, therefore, at the continued prosperity of the British Associ- 
ation, and in the formation of new societies for Microscopical Re- 
search* , and for the improvement of Botany and Agriculture. 

With respect to the last of these, we must look with satisfaction 
to every effort to carry the torch of science, to light up the intrica- 
cies and doubts of an art, the first probably in age, and certainly the 
first in importance to civilized man. As to the Botanical Society, 
we cannot but be glad that the want of a public and national Garden 
should be in some measure supplied, and we may indulge a hope 
that the example may, at a future time, lead our Government to pro- 
vide an establishment commensurate with the wealth of Great Bri- 
tain, with the magnitude of the metropolis, and with the extensive 
colonial empire from which it might be supplied with the produc- 
tions of the most varied climates. 

With the continued and increasing prosperity of the British As- 
sociation, I may the more boldly call on you to sympathize, as the 
greater part of its most active and talented members are also among 
the most valued of our own Fellows. It had this year a great addi- 
tional merit in the very numerous attendance of the scientific natives 
of other countries, and it gave to those among us who were present 
at Glasgow the opportunity of becoming personally acquainted with 
some of our Foreign Members; with an Encke, and an Agassiz. 
The latter gentleman, having fortunately extended his visit to En- 
gland, we have now the pleasure of seeing him at our Anniversary ; 
a pleasure that we should have probably lost, had he not been at- 
tracted by the meeting of the British Association. 

During the last year we have had more than one occasion of tes- 
tifying our grateful and loyal attachment to our Royal Patroness. 
Another now presents itself, which I am sure you will gladly seize, 
to express our joy at the birth of a Princess, our gratitude to Heaven 
for our Sovereign's safety, and our fervent prayers for her long and 
prosperous reign over the hearts as well as persons of her subjects. 

Since we last assembled our room of meeting has been ornamented, 
as you will see, Gentlemen, by the portrait of our late Royal Presi- 
dent, from the pencil of Mr. Phillips. I am sure that you will be 
gratified by this addition to the likenesses of the far greater number 
of my predecessors. Future successors of the present Fellows of the 
Royal Society will look with satisfaction at the striking representa- 
tion of a Prince, who has added to the many favours received by us 
from his illustrious house, that of deigning to preside over our Meet- 
ings and our Councils. 

Of. the papers that have been read at our Meetings, it is not ne- 
cessary for me to speak. Of their merits you will be enabled to 
judge in a considerable degree by the Abstracts contained in our 
printed Proceedings; while those that have appeared to the Council, 

(* The foundation of the Microscopical Society is noticed in L. & E. 
Phil. Mag. vol. xv. p. 549.] 



60 Royal Society :—Anniversary Address of the President : 

assisted by the Scientific Committees, to be of the most importance, 
will be found in the Philosophical Transactions. As anew proof of 
which I cannot, however, refrain from adverting for a moment to one 
topic,—the discovery of Photography, for which we are indebted to 
a Neipce, a Daguerre, and a Talbot*; and which not only promises 
important results to art, but valuable assistance also, by the applica- 
tion of an Ibbotson and others, to those branches of knowledge 
which are connected with organic matter. This is, however, not all. 
Through the interesting observations of Sir J. Herschel and Mr. 
Hunt, followed up, as they will doubtless be, by other philosophers, 
a vista seems to open into hitherto unexplored regions of science}. 

I have the honour, Gentlemen, to inform you that the Council 

have awarded the Royal Medals for the present year to Sir John 
F. W. Herschel and Professor Wheatstone ; one Copley Medal to 
Professor Liebig, and another to M. Sturm; and the Rumford 
Medal to M. Biot. 

Sir Joun Lussock. 
It is to me a cause of the highest satisfaction that I have to pre- 

sent through you this Royal Medal to Sir John F. W. Herschel, 
being the fourth Medal that has been awarded to him by the de- 
cision of different Councils. 

It is to myself and to the other Members of the Council a most 
gratifying circumstance, that in an invention of great interest to art, 
he has found an instrument capable of making us acquainted with 
most curious laws regulating the chemical action of the different 
rays of the spectrum on the same substances. They have an addi- 
tional interest to us as well as to you, in reminding us of researches 
made by the honoured parent whose example of scientific zeal 
he so well emulates. The observations that Sir J. Herschel has 
made in his recent communication, appear likely to lead to new 
discoveries in optical as well as chemical science ; and we trust 

that the papers already before us may be the forerunners of still 
more striking and important results. 

Proressor WHEATSTONE. 
It is with great pleasure that I address you, and present to you 

one of those Medals that our Royal Patroness has placed at the dis- 
posal of the Council of our Society. Your valuable experiments, 
and the ingenious methods by which you have solved the difficult 
question of Double Vision {, form the immediate, and certainly suffi- 
cient motive, for their adjudication. It is, however, still more satis- 
factory, as it gives me, as their organ, the opportunity to mark their 
sense of the value of your other discoveries, of the science and in- 

genuity by which you have measured Electrical Velocity, and by 

[* See L. & E. Phil. Mag. vol. xiv. p. 196.—Epit.] 
{t An Abstract of Sir John Herschel’s paper appeared in L. & E. Phil. 

Mag. vol. xvi. p. 331; and of a paper by Mr. Hunt in vol. xvii. p. 381; 
in which volume also, p. 202, appears Mr. Hunt's last paper, referring to 
others before inserted. | 

{{ Noticed in vol. xiii. p.416; see also vol. xvi. p. 599.] 
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which you have also turned your acquaintance with Galvanism to 
the most important practical purposes. 

Proressor DANIELL. 
In confiding to your charge, as our Foreign Secretary, the Rum- 

ford Medal which the Council has awarded to M. Biot, I am sure 
that every cultivator of the higher and more abstruse branches of 
science will feel that it is bestowed on a philosopher, whose optical 
researches on the curious and interesting subject of Polarized Light 
are of the highest value. You may, at the same time that you for- 
ward the Medal, assure M. Biot of the anxious wish of the Royal 
Society that he may be long enabled to carry on inquiries so honour- 
able to himself, and so important to more than one branch of 
science. 

Professor Daniell, I hold in my hand, and deliver to you one of the 
Copley Medals, which has been awarded by us to Professor Liebig. 
My principal difficulty, in the present exercise of this the most 
agreeable part of my official duty, is to know whether to consider 
M. Liebig’s inquiries as most important in a chemical or in a phy- 
siological light. However that may be, he has a double claim on 
the scientific world, enhanced by the practical and useful ends to 
which he has turned his discoveries. I hope that he may long be 
able to follow at the same time the paths of scientific research and 
practical utility. 

Professor Daniell, I have again to call on you, in your official 
capacity, to transmit a Medal to the Continent. The gentle- 
man to whom we have adjudged it is M. Sturm, for his valu- 
able mathematical labours, the fruits of which must be important, 
not only to mathematics, but also to those other high and abstruse 
sciences to whose advancement algebraical analysis is a necessary 
instrument. In his solution, therefore, of a problem which has 
baffled some of the greatest mathematicians that the world has pro- 
duced, he has well earned the gratitude of every lover of natural 
knowledge. 

You will, Gentlemen, hear read an account of the eminent men 
connected with our Society whom we have had the misfortune to 
lose since last November. Having confided the task of enumerating 
them to one of your Members, more able than myself to do justice 
to their merits, I shall not further touch upon the subject than to 
express my deep regret at the decease of one who had been my 
predecessor in this Chair, and to whose counsel I might have looked 
for aid in any conjuncture of difficulty, with full reliance on his 
good sense and ability, and also on his zeal in any matter in which 
the interests of the Royal Society were at stake. I may also be per- 
mitted to express the condolence of all the Members of the Royal 
Society with the domestic affliction of our valued Treasurer by the 
decease of his father, who was also one of our Fellows. I will now 
desire Dr. Roget to read the account of those whom we now miss 
from our ranks. 

The first name in the list of our deceased Fellows, which it is my 
melancholy duty to notice, is one which cannot be mentioned in this 
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room, without feelings of deep regret for the loss of his services and 
of affectionate respect for his many virtues: it is hardly necessary 
for me to add that I refer to our late associate and former President, 
Mr. Davies GILBERT*. 

He was the only surviving son of the Rev. Edward Giddy, of St. 
Erth in Cornwall, and his mother, whose maiden name was Davies, 
was the representative of several ancient and distinguished families 
in that county, and the heiress likewise of very considerable pro- 
perty. His early education, which was almost entirely domestic, was 
chiefly superintended by his father, who was an accomplished clas- 
sical scholar; and in 1785 he became a gentleman commoner of 
Pembroke College, Oxford, where he attended the lectures of Dr. 
Beddoes on chemistry, Dr. Sibthorp on botany, and Mr. Hornby 
on geometry and astronomy, and devoted himself with very unu- 
sual diligence to the study of mathematics and the natural sciences. 
He used to boast in after life, with very becoming pride, that he was 
the first student of his class in the University of Oxford, who had 
ever read the Principia of Newton. 

In 1791, he was eleeted a Fellow of this Society, and became as- 
sociated from that time forward with the most eminent men of sci- 
ence in the metropolis. He had, in very early life, appreciated the 
extraordinary combination of poetical and philosophical genius in 
his friend and fellow-countryman Humphry Davy, at that time in 
a very humble capacity ; and by recommending him, first, as an as- 
sistant to Dr. Beddoes in his experiments on the medical effects of 
gaseous inspirations, and, secondly, to the Royal Institution, he had 
the merit and good fortune of contributing to rescue from obscurity 
one of the greatest discoverers in modern chemistry}. In the year 
1804, he became Member of Parliament for Helston, and in 1806 
for Bodmin, a borough in his own immediate neighbourhood, which 
he continued to represent until the era of Parliamentary Reform in 
1832. He was emphatically the representative of scientific interests 
in the House of Commons, and contributed by his exertions to carry 
many very important projects, including amongst them the great 
breakwater at Plymouth and the bill for the revision of weights and 
measures ; a bill founded upon the report of a commission of which 
he was a member, in conjunction with Captain Kater, Dr, Young 
and Dr. Wollaston. 

Mr. Davies Gilbert was the author of Papers in our Transactions 
“On the Mathematical Theory of Suspension Bridges },” with parti- 
cular reference to the Menai bridge, which was at that time in pro- 
gress, and the curvature of which was considerably modified in con- 
formity with the results of his calculations :—‘“On the Progressive 
Improvements made in the Efficiency of Steam-engines in Cornwall, 
with investigations of the methods best adapted for imparting great 

[* Another obituary notice of Mr. Davies Gilbert appears in the Sup- 
plementary Number for the present month, vol. xvii. p. 531. A third will be 
given shortly.—Eprr. | 

(t See L. & E. Phil. Mag. N. S. iii. p. 57, for Mr. Gilbert’s own state- 
ment of these circumstances. ] 
t For 1826, Part III, p, 202, 
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Angular Velocities *,” in which he first distinctly defined and made 

known to men of science what is termed the duty of steam-engines, 

from the correct observation of which so many important practical 

improvements have followed :—“ On the Nature of Negative and 

Imaginary Quantities+,” which contains many ingenious views, al- 

though they have been in a great measure superseded by later 

speculations on this subjectt. Mr. Gilbert was a mathematician of 

the old school; but the papers to which we have just referred are 

very creditable specimens of the clearness with which he appre- 

hended the bearing of some simple theoretical truths upon very 

important practical questions. 
He became President of this Society in 1828, on the resigna- 

tion of Sir Humphry Davy ; a situation from which he retired in 
1831. He continued, however, for the remainder of his life, to take 

a prominent part in the concerns of the Society ; and there are few 

of my brother-Fellows, whom I have now the honour, of addressing, 

who have not had opportunities of observing and appreciating his 

constant zeal for the interests of science, the variety and philoso- 

phical character of his conversation, the simple and unaffected elo- 

quence of his public addresses§, and, above all, that sweetness of 

temper and kindness of heart which beamed forth in the expression 
of those truly classical and benevolent features, which one of the 
most accomplished of our artists (himself a brother-Fellow) has so 

happily perpetuated in the portrait which adorns these walls. The 

very absence of that inflexibility of purpose and of opinion which 

some might consider essential to the perfection of the character of 

a philosopher, seemed, in his case, the proper developement of that 

natural benevolence and humanity which made him so justly beloved 

in every relation of life, whether as a husband, a father, and a brother, 

—as a master, a landlord, and a friend. 

Mr. Gilbert was the author and editor of several antiquarian and 
other works relating to his native county, whose interests he always 
laboured to promote with more than common zeal and patriotism. 

He was President of the Cornish Geological Society from the period 
of its first establishment in 1814, and he never omitted attending 
its meetings, though on the last occasion he was so weak as to be 
compelled to resign the chair to his friend and countryman Sir 

Charles Lemon. In 1808, he married Miss Gilbert, and assumed 
her name in 1817, on succeeding to a very large property in 
Sussex. The same simple and unaffected character which distin- 
guished him in public life was still more conspicuous in his domestic 
relations. He died on the 24th of December last, and his body was 

* For 1830, Part I. p. 121. + For 1831, Part Il. p. 341. 
[1 Abstracts of the two papers here referred to will be found in Phil. 

Mag. and Annals, N. S., vol. vii. p. 449, vol. ix. p. 87. Mr. Gilbert 
communicated a paper on the Regular or Platonic Solids, in Phil, Mag. and 
Annals, N. S. vol. ili. p. 161; and in vol. ix. p. 200, appears his original 
statement respecting the legacy of the late Earl of Bridgewater.) 

[§ Addresses delivered to the Royal Society by Mr. Gilbert, will be 
found in Phil. Mag. and Annals, N, §, vol. iii, p. 50, vol. vii, p. 33, and 
vol. ix, p. 39,—Enir.] 



64 Royal Society :—Anniversary Address of the President : 

borne to the grave by his own labourers, and followed by his widow 
and family in that primitive and unostentatious form which best 
suited the simplicity and natural humility of his own character. 

Dr. SAMuEL Burcer, Bishop of Lichfield, was born in 1774, at 
Kenilworth,which was likewise the birth-place of two other contempo- 
rary prelates of our church. He was educated at Rugby, and became 
afterwards a member of St. John’s College, Cambridge, where he 
gained the highest classical honours which the University could 
confer. In 1798 he was made Head Master of Shrewsbury School, 
over which he continued to preside during a period of thirty-eight years. 
His great acquirements asa scholar, his eminent skill as a teacher, 
his active interest in the welfare of his pupils, and the tact and 
knowledge of character which he showed in their management, all 
contributed to raise the sehool to the highest reputation, and to give 
it, during many years, the pre-eminence over every other school in 
the kingdom in the number and rank of the academical honours 
which were gained by his scholars. The date of his elevation to 
the Bench was nearly contemporaneous with the appearance of that 
fatal disease which, after three years of the most depressing suffer- 
ings, borne with most exemplary patience and resignation, brought 
him to the grave. He was a man of great cheerfulness of temper 
and disposition, kind, affectionate and generous in every relation of 
life, and justly the object of the grateful attachment and love of his 
numerous pupils. 

Dr. Butler was the author of an elaborate edition of Aschylus, 
with the notes and text of Stanly, and of several educational and 
other works. He formed a very extensive library ; and his collection 
of Aldines, which is unhappily now dispersed, was perhaps the 
most complete in Europe. One of his last works was an interest- 
ing memoir of Dr. John Johnstone, of Birmingham, with whom he 
had long been connected by the bonds of the most affectionate 
friendship. 

Mr. James Prinsep, whose brilliant career of research and dis- 
covery has been closed by a premature death in the flower of his age, 
was Principal Assay Master, first of the Mint at Benares, and secondly 
of that of Caleutta, where he succeeded Professor Wilson in 1833; he 
was a young man of great energy of character, of the most indefati- 
gable industry, and of very extraordinary accomplishments ; he was 
an excellent assayist and analytical chemist, and well acquainted with 
almost every department of physical science ; a draughtsman, an en- 
graver, an architect, and an engineer; a good Oriental scholar, and 
one of the most profound and learned Oriental medallists of his age. 

In 1828 he communicated to our Society a paper “ On the Mea- 
surement of High Temperatures,” in which he described, amongst 
other ingenious cortrivances for ascertaining the order, though not 
the degree, of high temperatures, an air-thermometer applicable for 
this purpose, and determined by means of it, probably much more 
accurately than heretofore, the temperature at which silyer enters 
into fusion*. 

[* See Phil. Mag. and Annals, N. S. vol. iii, p. 129, and yol.-x. p. 356, 
note,—Epir. | 
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His activity whilst resident at Benares has more the air of ro- 
mance than reality. He designed and built a mint and other edi- 
fices; he repaired the minarets of the great mosque of Aurengzebe, 
which threatened destruction to the neighbouring houses; he drain- 

ed the city and made a statistical survey of it, and illustrated by his 
own beautiful drawings and lithographs the most remarkable objects 
which the city and its neighbourhood contains ; he made a series of 
experimental researches on the depression of the wet-bulb hygro- 
meter; he determined from his own experiments the values of the 
principal coins of the East, and formed tables of Indian metrology 
and numismatics, and of the chronology of the Indian systems and 
of the genealogies of Indian dynasties, which possess the highest 
authority and value. 
When transferred to Calcutta, he became the projector and editor 

of the “ Journal of the Asiatic Society of Bengal,” a very voluminous 
publication, to which he contributed more than one hundred articles 
on a vast variety of subjects, but more particularly on Indian coins 
and Indian Paleography. He first succeeded in deciphering the 
legends which appear on the reverses of the Greek Bactrian coins, 
on the ancient coins of Surat, and on those of the Hindoo princes 
of Lahore and their Mahomedan successors, and formed alphabets 
of them, by which they can now be readily perused. He traced the 
varieties of the Devanagari alphabet of Sanscrit on the temples 
and columns of Upper India to a date anterior to the third centur 
before Christ, and was enabled to read on the rocks of Cuttock 
and Gujarat the names of Antiochus and Ptolemy, and the record 
of the intercourse of an Indian monarch with the neighbouring 
princes of Persia and Egypt; he ascertained that, at the period of 
Alexander’s conquests, India was under the sway of Boudhist sove- 
reigns and Boudhist institutions, and that the earliest monarchs of 
India are not associated with a Brahminical creed or dynasty. These 
discoveries, which throw a perfectly new and unexpected light upon 
Indian history and chronology, and which furnish, in fact, a satisfac- 
tory outline of the history of India, from the invasion of Alexander 
to that of Mohammed Ghizni, a period of fifteen centuries, are only 
second in interest and importance, and we may add likewise in 
difficulty, to those of Champollion with respect to the succession of 
dynasties in ancient Egypt. 

These severe and incessant labours, in the enervating climate of 
India, though borne for many years with little apparent inconveni- 
ence or effect, finally undermined his constitution ; and he was at 
last compelled to relinquish all his occupations, and to seek for the 
restoration of his health in rest and a change of scene. He uar- 
rived in England on the 9th of January last; but the powers both 
of his body and his mind seemed to have been altogether worn out 
and exhausted ; and after lingering for a few months, he died on the 
22nd of April last, in the forty-first year of his age. The cause of 
literature and archeology in the East could not have sustained a 
severer loss. 

Sir Anrnony CARLISLE was born at Stillington, in the county 
of Durham, in the year 1768. After commencing his professional 

Phil, Mag. 8.3. Vol. 18, No, 114, Jan, 1841, ¥ 
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education at York, under the care of his uncle, he became a student 
at the Hunterian School of Anatomy, in Windmill Street, under 
Dr. Baillie and Mr. Cruikshank, where he attracted the particular 

’ notice of John Hunter. He subsequently became a resident pupil 
of Mr. Henry Watson, one of the most eminent surgeons in the me- 
tropolis, whom he succeeded at the Westminster Hospital in 1793. 
In 1800 he communicated to our Transactions a paper “ Ona Pecu- 
liarity in the Distribution of the Arteries sent to the Limbs of Slow- 
moving Animals.” This was followed by many others on various 
points of comparative and human anatomy, including his papers 
“ On Muscular Motion,” and “On the Arrangement and Mecha- 
nical Action of the Muscles of Fish,” which formed the Croonian Lec- 
tures for 1804 and 1806. He was the author likewise of many com- 
munications in the Transactions of the Linnean and Horticultural 
Societies and in other contemporary journals, on different branches 
of natural history and physical science *. 

“ An Essay on the Connexion between Anatomy and the Fine 
Arts,” led to his appointment, in 1808, to the Professorship of 
Anatomy to the Royal Academy, a situation which he filled with 
great advantage to the students during a period of sixteen years. 

Sir Anthony Carlisle was not less distinguished for his know- 
ledge of anatomy, physiology, and natural history, than for his 
professional merits, and for his patience and skill as an instructor 
of medical students. As a practitioner, he was invariably kind and 
attentive to those who were entrusted to his care, and eminently 

liberal in devoting his professional services to those who had no 
adequate means of repaying them. 

Mr. Nichotas Aytwarp Vicors was born in 1787, at Old 
Leighlin, in the county of Carlow, where his family had long re- 
sided. After the usual preparatory education, he proceeded to the 
University of Oxford, where he became a very diligent and success- 
ful student. On quitting the University, he purchased a commis- 
sion in the Guards, and distinguished himself highly at the battle 
of Barossa, by continuing to bear the colours of his regiment after 
he was severely wounded. On his return from the Peninsula, he 
was prevailed upon, by the earnest entreaties of his family, to quit 
the army; and he devoted himself afterwards, with characteristic 
ardour, to scientific and literary pursuits. 

Mr. Vigors was one of the founders and the first Secretary of the 
Zoological Society, to whose museum he gave his very valuable 
collections of ornithology and entomology, which were the two 
branches of natural history he had most carefully studied. He 
was the author of a very elaborate paper in the Linnean Transac- 
tions+, “On the Natural Affinities which connect the Orders and 

Families of Birds,” in which he attempted to apply in detail the 
same principles of arrangement that Mr. MacLeay had previously 

(* In 1832, Sir A. Carlisle communicated to us some official documents 
respecting the health of workmen employed in the sewers of Westminster 
and the existence of cholera among them, which were inserted in L. and 
E. Phil. Mag. vol. i. p. 8354.—Epir.] 

+ Linnean Transactions, vol. xiv. 
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sketched out in his Hore Entomologice, in a more general way, 
as applicable to the whole animal kingdom, He afterwards pub- 
lished, in conjunction with Dr. Horsfield, another very valuable . 
memoir* on the Birds of Australia, grounded upon a rich collection 
from that country, in the possession of the Linnean Society, which 
they described and arranged according to their natural affinities. 
He was likewise the principal editor, during several years, of the 
“ Zoological Journal,” in which he wrote many memoirs, chiefly de- 
voted to the further exposition of his views with respect to the 
affinities of birds, but some of them descriptive of new or rare 
Mammalia, or new forms of exotic insects or birds +. 

Mr. Vigors was a man of very considerable attainments as a 
scholar as well as a naturalist{, and made a liberal use of an ample 
private fortune in the promotion of those sciences which he culti- 
vated: he was the representative in Parliament, for some years be- 
fore his death, first of the city, and lastly of the county of Carlow. 

Mr. Rickman was born in 1771, and educated at Westminster 
School, from whence he proceeded as a student to Christ Church, 
Oxford. Early in life he was recommended by Dean Jackson as 
Secretary to Mr. Abbott, the Speaker of the House of Commons, 
and was chosen to examine and digest the Parliamentary returns 
under the first Population Act in 1800, a duty which he continued 
to perform at the three succeeding decennial periods, and was pre- 
paring to discharge it for the fifth time during the present year, 
when he was attacked by the disease which terminated in his death. 
He was appointed second Clerk Assistant to the House of Com- 
mons in 1815, and subsequently Clerk Assistant, an office which 
he continued to hold for the remainder of his life. 

The introductions to the “ Population Returns,” of which he was 
the author, are remarkable for the very able analysis which they 
contain of the general condition, changes and prospects of all classes 
of the population §. 

Mr. Rickman was an excellent classical scholar, and was, in ad- 
dition to many other attainments, extremely well acquainted with 
many branches of engineering and practical mechanics. He was 
the intimate friend, and after his death the executor, of the late 
Mr. Telford, whose autobiography he published, with a preface and 
an atlas of engravings descriptive of his principal works, which is 
in every way worthy of the fame of that great engineer. 

* Linnean Transactions, vol. xv. 
{+ Mr. Vigors’s name has very frequently appeared in our pages, from 

the time when he first became known as a naturalist to a very recent period. 
Abstracts of many papers by him occur in the Proceedings of the Zoologi- 
cal Society, beginning in Phil. Mag. and Annals, N.5., vol. ix. p. 54, and 
continued through that and the present series.—Ep1r.] 

{t Mr. Vigors was the author of “ An Inquiry into the Nature and Ex- 
tent of the Poetic Licence,”’ of which a second edition appeared in 1813, 
Lond. 8vo.—Enir.] 

[§ A review of the Introductions to the Population Returns (from the pen, 
we may now mention, of the late George Harvey, F.R.S.), was inserted in 
L. & E, Phil. Mag. vol. i. p. aor ae 

7g 
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Sir Jerrrey WyATTVvILLE, member of the Royal Academy and 
a distinguished architect, was a member of a family which has long 
been honourably connected with the arts. He was born in 1766, 
and acquired a knowledge of his profession under the instructions 
of his father and uncle, and was subsequently employed, during 
many years, in the somewhat ambiguous capacity of architect and 
builder in the execution of many considerable works. In 1824 he 
was selected by George IV., to whom he had been formerly known, 
to design and superintend the magnificent alterations and additions 
to Windsor Castle, a truly royal and national work, in which he 
succeeded in combining uncommon external grandeur and strict 
architectural propriety with great convenience and splendour of 
internal arrangements. Sir Jeffrey Wyattville, besides many im- 
portant original works, made very extensive additions to the princi- 
pal mansions of our nobility, including Chatsworth, Longleat, Wo- 
burn, Badminton, and Ashridge. He was a man of sound judg- 
ment and great integrity, and was very generally beloved for the 
remarkable simplicity and frankness of his manners, his great kind- 
ness of heart, and cheerful and unaffected good humour. He died 
in February last, and was buried in St.George’s Chapel, at Windsor, 
in a vault which he had himself prepared for the reception of the 
remains of a beloved daughter, who died in the flower of her age. 

Captain Cuarxes Puruirps, of the Royal Navy, was the author 
of several inventions of great value in navigation, and in the equip- 
ment and management of ships: such are his methods of suspending 
compasses so as to avoid concussions in time of action ; his improve- 
ment of the pump-dale of ships, and more particularly the capstan, 
which bears his name, and which is in general use in the Navy. He 
was an active and enterprising officer, who had seen much service 
during the last war, had been eminently successful in rescuing 
slaves off the coast of Africa, and had nearly fallen a victim, in 
common with the greatest part of his crew, to that pestilential cli- 
mate. 

Sir Ropert Seppincs received hiseducation as a shipwright under 
the late Sir John Henslow, Surveyor of the Navy, and continued 
in connexion with the important service of our dock-yards during a 
period of fifty years. He was the author of many important im- 
provements in our naval architecture, including his system of dia- 
gonal bracing and trussing, which formed the subject of two memo- 
rable Papers in our Transactions in the years 1814* and 1818 7, and 
which attracted an unusual amount of public attention. The great 
principle of this method was such an arrangement of the principal 
timbers as would oppose a powerful mechanical action to every 
change of position of the ribs and other timbers in every part of 
the ship; thus firmly compacting together the entire fabric, and 

* On a New Principle of Constructing His Majesty’s Ships of War.— 
Phil. Trans. 1814, p. 28. {See Phil. Mag. First Series, vol. xliii. pp. 228. 
305; vol. xlv. p.. 374. 
+ On the great strength given to Ships of War by the application of 

Diagonal Braces,—Phil, Trans, 1818, p. 1, 
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preventing that perpetual racking of beams and working of joints, 
which, in the ancient system of ship-building, produced hogging, 
creaking, leakage, and rapid decay ; and filling up likewise every 
vacuity between the timbers, which were occasionally the unavoid- 
able receptacles for foul air, filth, vermin, and various other 
sources of rottenness and disease. 

These important improvements, though opposed to the inveterate 
prejudices of the older shipwrights, a body of men who have not 
sufficiently valued and understood, in this country at least, the just 
principles of mechanical action, in the practical operation of ship- 
building, were universally adopted in the Navy under the enlight- 
ened administration of Mr. Charles York, and the powerful advo- 
cacy of Sir John Barrow*: and the merit of their author was ac- 
knowledged by his appointment as Surveyor of the Navy, and by 
the award of the Copley Medal of this Society. 

This was not the only important improvement which Sir Robert 
Seppings introduced into our system of naval architecture. The 
Admiralty presented him with £1000 as a reward for his simple 
yet most useful invention of an improved block for supporting ves- 
sels, by which their keels and lower timbers were much more easily 
and promptly examined and repaired. His plan for lifting masts 
out of the steps, which superseded the employment of sheer hulks 
for that purpose, has been the means of saving much expense and 
labour. His new mode of framing ships has led to a much more ex- 
tensive use of short and small timbers, which were formerly of little 
value ; but the most valuable of all the reforms of construction for 
which the Navy of England is indebted to him, was the substitution 
of round for flat sterns, which afford increased strength to the frame- 
work of the ship, greater protection against pooping in heavy seas, 
an almost equal power of anchoring by the stern and by the bow, a 
more secure and effective position for the rudder, and a stout platform 
for a powerful battery, embracing a sweep of more than 180°. This 
capital improvement was strenuously opposed by many distinguished 
naval officers, who regretted the loss of those magnificent cabins, 
which were better suited for purposes of state than of service; but 
the good sense of less prejudiced judges happily prevailed, and se- 
cured for our ships of war an additional claim upon the respect of 
our enemies. 

Foreign nations have not been tardy to acknowledge the value of 
these important improvements, and their author received many sub- 
stantial proofs of their sense of his merits; and we may safely aftirm, 
that in the national record of the great benefactors of their country, 
there are few names which will deserve, and, we trust, continue to 

receive, a more grateful commemoration than that of Sir Robert 
Seppings. 

It has long been the practice of the Royal Society to associate 
with its body those persons in our country who are most eminent 
for their high rank or their commanding talents, for their distin- 
guished public services, for their accomplishments in the arts, 

* In very able articles in the 24th and 43rd Numbers of the Quarterly 
Review. 
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for their attainments in literature, for the important influence which 
their virtues or labours may have exercised upon the character and 
prospects of society, or upon the general interests of humanity ; 
wisely judging that science will gain both in the enlargement of its 
objects and in the dignity and estimation of its cultivators, by being 
thus united with whatever is best entitled to command and to re- 
ceive the admiration and respect of mankind: it is amongst this 
class of our Members that I have to notice several losses of more 
than ordinary importance. 

The Eart or MansrFiexp was a nobleman of illustrious family, 
who, in addition to many other accomplishments, was one of the 
most elegant and effective parliamentary orators of his day. 

Lorp Hotianp was Chancellor of the Duchy of Lancaster, and a 
nobleman who was remarkable for his profound knowledge of the con- 
stitutional history of his country, and for the extent and variety of his 
literary attainments*. It was the remark of a well-known philoso- 
phical author and writer, “that there was something so sweet in the 
blood of the Foxes, that no one could approach them without feeling 
the fascination of their social powers :” and there was probably no 
man of his age who was the object of more enthusiastic love and 
admiration of his friends, private and political, than Lord Holland. 

Sir Wiri1aAM Sypwney Situ was a hero in the most chivalrous 
period of our naval history, the scenes of whose early triumphs have 
so recently been rendered illustrious by others of an equally memo- 
rable character. 

Sir Jonn Lusgock was one of those persons engaged in trade 
whose extensive transactions and liberal views give dignity to the 
operations of commerce: it is not one of the least distinctions of 
such a father, that his name and honours have been inherited by one 
whose profound acquirements in the most difficult branclies of sci- 
ence have merited and received the highest honours which this So- 
ciety is able to confer. 

In our foreign list we have to lament the loss of three of our 
most illustrious members, Blumenbach, Olbers, and Poisson. 

Joun FrrepricH BLUMENBACH was born on the 11th of May, 
1752, at Gotha, where his father was Prorector of the Gymnasium. 
He was accustomed to attribute the formation of his taste for lite- 
rary history and the study of the natural sciences to the instructions 
and encouragement of Menz and Christ, two professors of Leipsig, 
who were friends and fellow-townsmen of his father. After study- 
ing for some time at Jena, he removed to Gottingen, for the pur- 
pose of completing his medical course, where he was very favour- 
ably noticed by Heyne and Michaelis, and more particularly by 
Biittner, Professor of Natural History, a great linguist, and a man 
of very extraordinary acquirements, whose museum of medals and 
natural history, when afterwards purchased by the University, he 
was employed to arrange. The skill and diligence which he showed 

* He was the author of a most elegant account of the life and writings 
of Lope de Vega, accompanied by some beautiful translations of his more 
remarkable poems, 
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in this employment, and the reputation of his professional and other 
attainments, secured him the appointment of Extraordinary Pro- 
fessor of Medicine in 1776, and of Ordinary Professor in 1778, a 
situation which he continued to hold for nearly sixty years. 

His lectures comprehended Natural History, Comparative Anato- 
my, Physiology and Pathology, on all which subjects he published 
many valuable memoirs and other works, more particularly his 
admirable Manuals, which have long enjoyed an extraordinary 
popularity, and which have been translated into nearly every great 
European language. 

The first of this series of publications was the “ Handbuch der 
Naturgeschichte,” which appeared in 1779. In his “ Institutiones 
Physiologice,” a work equally remarkable for the originality, pre- 
cision aud clearness of its statements, which was published in 1787, 
he made known his views on the “ bildungs trieb,” or “ Nisus for- 
mativus,” which he had before announced.in the Gottingen Trans- 
actions for 1785, and which he made the subject of a special work 
in 1789*. His “‘ Specimens of the Physiology of Warm- and Cold- 
blooded Animals,” appeared in 1789. In 1794 he published in our 
Transactions, “‘ Observations on some Egyptian Mummies opened in 
London in 1792,” with especial reference to the three distinct varie- 
ties of national physiognomy which appear amongst them. His 
“ Handbuch der vergleichenden Anatomie” appeared in 1805, and 
showed how fully he already appreciated the important views of 
Cuvier, which elevated Comparative Anatomy from a merely de- 
seriptive science to one which was capable of the most instructive 
generalizations, and affording the means of distinguishing types and 
laws of formation, as well for different organs as for different classes 
of animals. 

The term nisus formativus was employed by Blumenbach to denote 
that vital power which is innate in all living organized bodies, and in 
active operation during the whole period of their vital existence, 
by which they are controlled and modified with reference to a speci- 
fied end ; it is that power by which the organizable matter of every 
individual being assumes, at its conception, its allotted form ; which 
form is also capable of successive modifications by nutrition, accord- 
ing to the purpose for which it is destined by the Author of Nature, 
as well as of the reparation (within prescribed limits) of the injuries 
which it may have received. The announcement of this principle 
was received with extraordinary favour by physiologists, though it 
differed in little more than in name from the vis essentialis of the 
celebrated Wolff. It will be found to have formed the basis of some 
of his important speculations. 

Blumenbach’s well-known collection of the crania of the different 
races of mankind was made with a view to their more accurate 
classification, and gave rise to some of his more celebrated pub- 
licationst. According to his ultimate views, he would make the 

* Ueber den Bildungs trieb. 
+ Collectio Decad. vi. craniorum diversarum gentium tabulis 60 eneis 

illustrata: 1790—1820. De generis humani varietate nativa: 1795. 
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Caucasian race the primary stem, from which all the others have 
degenerated to the Mongol at one extremity, and the /Ethiopic at 
the other, interposing the American variety between the Caucasian 
and the Mongol, and the Malay between the Caucasian and the 
ZEthiopic : it is difficult, however, to arrive at very correct general 
conclusions on this very interesting subject, without reference to 
those which are founded on the analogies of language, as has been 
done by Cuvier and Prichard. 

It is quite impossible, within the short compass to which this 
notice is necessarily confined, to convey more than a very general 
impression of the vast variety of the labours of this distinguished 
philosopher. We find him applying his knowledge of natural his- 
tory in illustration of the arts and poetry of antiquity*; he was 
also one of the first naturalists who appreciated the importance 
of a knowledge of fossils in determining the relative ages of the 
strata of the earth+. He had cultivated archeology and literary 
history t from his earliest years with more than common interest and 
zeal. There were, in fact, few departments of knowledge and litera- 
ture, however remotely connected with the natural sciences, which 
he has not illustrated by his writings: it was when thus travelling 
into provinces of knowledge which were somewhat foreign to his 
own, that he was accustomed to quote the adage of Seneca: ‘“ Soleo 
et in aliena castra transire, non tanquam transfuga, sed tanquam 

explorator.” 
Blumenbach had long been considered as the patriarch of the 

University of Gottingen, and was allowed the full privileges attached 
to his distinguished reputation, to the memory of his long services, 
and to the respect due to his venerable old aye; he retained his 
usual cheerfulness, his memory, and much of his ancient activity, 
until nearly the close of his life. He died on the 22nd of January 
last, in the 88th year of his age, a memorable proof that the tran- 
quil pursuits of science and the gentle stimulus of constant though 
not laborious employments are equally favourable to contentment of 
mind and length of days. 

The name of the venerable Dr. OLBERs, of Bremen, must be for 
ever memorable in the annals of astronomy, as the discoverer of two 
planets in oursystem. He was a member of that remarkable association 
of twenty-four astronomers which the indefatigable Baron de Zach of 
Gotha had formed towards the close of the last century, who under- 
took the vigilant observation of as many zones of the heavens, with a 

* Specimen historiz naturalis, antique artis operibus illustrate eaque 
vicissim illustrantis : 1803. Com. Acad. Gott., tom. xvi. 

Specimen historiz naturalis ex auctoribus classicis, presertim poetis, 
illustrates eosque vicissim illustrantis: 1815. Com. recent. Acad. Gott., 
tom. CXI. 
+ Beitriige zur Naturgeschichte der Vorwelt: 1790. Specimen archzo- 

logice telluris terrarumque imprimis Hannoveranarum : 1801. Also Com- 
ment. Acad. Gott., tom. xv. p. 132—156. Com. recent. Acad. Gott., tom. 
cxi. pp. 3—24. 

{ His “ Introductio in Historiam Medicine Literariam,” published in 
1786, is a most instructive specimen of scientific bibliography. 
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general view of discovering new comets and planets, and of recording 
any remarkable phenomena that might occur. Their zeal in the 
prosecution of these researches had been stimulated by the recent 
discovery of Herschel, as well as by the revival of a suggestion 
made by Kepler of the probable existence of a planet between 
Mars and Jupiter, in conformity with one of those mystical ana- 
logies, which might have been treated as the visionary dreams 
of an enthusiast, if they had not been so intimately connected with 
the discovery of the great laws forming the true basis of all cor- 
rect knowledge of the system of the universe. The absence like- 
wise of a planet at the distance from the sun, represented by 28, that 
of the earth being 10, interfered with the completeness of an em- 
pirical Jaw which Bode of Berlin had suggested, and was not with- 
out its influence in confirming their faith in these extraordinary an- 
ticipations. The labours of this Association had been hardly organ- 
ized, when the remarkable discovery of Ceres by Piazzi on the first 
day of the present century, in almost the precise position which 
Bode’s singular law had assigned to it, seemed at once to convert 
their dreams into realities. Dr. Olbers calculated a circular, and 
Gauss an elliptic orbit for the same planet; and so wonderful was 
the accuracy of the first approximation to the elements which the 
latter had made, that they enabled Olbers to re-discover it on the 
Ist of January 1802, exactly one year after it had been first ob- 
served. It was in consequence of having formed a configuration 
of stars in the geocentric route of this planet, with a view to its 
being more readily found, that he discovered Pallas on the 25th of 
March of the same year*, at nearly the same distance from the sunt, 
though moving in an orbit more than three times as much inclined 
to the plane of the ecliptic. The discovery of two planets, in the po- 
sition where one of them had been so anxiously sought for {, induced 
Dr. Olbers to conjecture that they were fragments of a larger planet, 
which had been scattered by some great catastrophe, and that 
many others probably existed at nearly the same distance from the 
sun, and possessing common nodes: he therefore earnestly recom- 
mended astronomers to observe most carefully those spaces of the 
heavens in which the nodes of these planets are placed ; a practice 
which he himself observed for many years. His exemplary dili- 
gence was rewarded by the discovery of Vesta on the 29th of March, 
1807, nearly in the precise position in which he had conjectured that 
it was most likely to be found§. This was the last of those remark- 
able discoveries whose history illustrates in so striking a manner that 
union of profound, yet somewhat visionary speculation, with uncon- 

* « Ueber einen neuen von Dr. Olhers in Bremen endeckten héchst son- 
derbaren cometen.”’ Zach’s Monatliche Correspondenz for May, 1802. 

+ If the distance of the earth from the sun be 1, that of Ceres is 27674, 
and that of Pallas 2°7676: the difference is less therefore than 19,000 
miles. 

} Their essays on this subject were generally headed, “‘ On the long-ex- 
pected Planet between Jupiter and Mars.” 

§ The longitude of the ascending node of Pallas is 172° 32' 35"; that 
of Vesta is 171° 6! 37”. . 



74 Royal Society :—Anniversary Address of the President : 

querable perseverance, which is so characteristic of the German 
nation. 

His well-known method of calculating the orbits of comets, which 
has been so generally used by German astronomers, was published 
at Weimar in 1797*, with a commendatory preface by his zealous 
friend the Baron de Zach. This memoir, independently of its other 
merits, is sufficient to show that its author was a mathematician of 
very considerable powers, and perfectly acquainted with the works 
of contemporary astronomers. 

Dr. Olbers was a diligent observer of comets; and there are few 
astronomers who have contributed so much to our knowledge of 
these singular bodies. He was the discoverer of several comets, in- 
cluding the celebrated comet of long period of 1815; and we are 
indebted to him, not merely for very important suggestions and ob- 
servations respecting the celebrated comet of Encke, but still more 
for having developed the taste for astronomical calculations and 
observations of that great astronomer, who for many years served 
him in the capacity of assistant in his observatory. 

The Baron de Zach visited this observatory in September, 1800 t+, 
and has described the simple apparatus which enabled him to make 
so many important discoveries. It was placed in the upper part of 
his house in the midst of the town of Bremen, and afforded openings 
or platforms sufficient to afford a command of nearly every point of 
the heavens. His instruments were an excellent five-foot Dollond 
of 3% inches aperture, with a circular micrometer (which he used in 
the observation of the small planets), a five-foot reflecting telescope 
by Schroter, a quadrant by Bird, an admirable sextant by Troughton, 
and a clock by Castens of Bremen. He possessed no transit instru- 
ment or fixed instruments of any kind; yet he speedily availed him- 
self of the circumstances of his locality to determine his time with 
great accuracy, as well as nearly every element which the peculiar 
character of his observations rendered necessary ; so fertile are the 
resources of genius and enterprize to overcome difficulties, which 
by ordinary men would be abandoned as altogether insuperable. 

Simeon Denis Porsson, one of the most illustrious men of science 
that Europe has produced, was born at Pithiviers on the 2]st of 
June, 1781, of very humble parentage, and was placed, at the age 
of fourteen, under the care of his uncle, M. L’Enfant, surgeon, at 
Fontainebleau, with a view to the study of his profession. It was 
at the central school of this place that he was introduced to the no- 
tice of M. Billy, a mathematician of some eminence, who speedily 
discovered and fostered his extraordinary capacity for mathematical 
studies. In 1793 he was elected a pupil of the Ecole Polytechnique, 
which was then at the summit of its reputation, counting amongst 
its professors Laplace, Lagrange, Fourier, Monge, Prony, Berthollet, 
Foureroy, Vauquelin, Guyton Morveau, and Chaptal. The pro- 

_* Abhandlung ueber die lechteste und bequemste methode die Bahn 
eines cometen aus einigen beobachtungen zu berechnen, 

t+ Monatliche Correspondenz for Feb. 1801. 
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gress which he made at this celebrated school surpassed the most 
sanguine expectations of his kind patron, M. Billy, and secured him 
the steady friendship and support of the most distinguished of his 
teachers. 

In the year 1800, he presented to the Institute a memoir “ Sur 
le nombre d’intégrales completes dont les équations aux différences 
finies sont susceptibles,” which cleared up a very difficult and ob- 
secure point of analysis. It was printed on the recommendation of 
Laplace and Lagrange in the Mémoires des Savans Etrangers, an 
unexampled honour to be conferred on so young a man. 

Stimulated by this first success, we find him presenting a succes- 
sion of memoirs to the Institute on the most important points of 
analysis, and rapidly assuming the rank of one of the first geometers 
of his age. He was successively made Répétiteur and then Professor 
of the Polytechnic School, Professor at the Collége de France and 
the Faculté des Sciences, Member of the Bureau des Longitudes, 
and finally, in 1812, Member of the Institute. 

His celebrated memoir on the invariability of the major axes of 
the planetary orbits, which received the emphatic approbation of 
Laplace, and secured him throughout his life the zealous patronage 
of that great philosopher, was presented to the Institute in the year 
1808. Laplace had shown that the periodicity of the changes 
of the other elements, such as the eccentricity and inclina- 
tion, depends on the periodicity of the changes of the major 
axis; a condition, therefore, which constitutes the true basis 
of the proof of the stability and permanence of the system of 
the universe. Lagrange had considered this great problem in the 
Berlin Memoirs for 1776, and had shown that, by neglecting certain 
quantities which might possibly modify the result, the expression 
for the major axis involved periodical inequalities only, and that 
they were consequently incapable of indefinite increase or dimi- 
nution, It was reserved to Poisson to demonstrate @ priori that the 
non-periodic terms of the order which he considered would mu- 
tually destroy each other; a most important conclusion, which re- 
moved the principal objection that existed to the validity of the 
demonstration of Lagrange*. 

This brilliant success of Poisson in one of the most difficult pro- 
blems of physical astronomy, would appear to have influenced him in 
devoting himself thenceforward almost exclusively to the application 
of mathematics to physical science ; and the vast number of memoirs 
and works (amounting to more than 300 in number) which he pub- 

* The publication of this memoir recalled the attention of this illustrious 
mathematician to a subject which he had long neglected, and gave rise to 
three of his noblest memoirs. Poisson, in his ‘‘ Mémoire sur le Mouve- 
ment de la Lune autour de la Terre,” has not satisfactorily shown that 
the major axis of the moon’s orbit contains no argument of long period 
amongst the terms which inyolye lower powers of a certain quantity m, 
which denotes the ratio of the sun’s mean motion to that of the moon, 
than the fourth; a demonsiration of this most important proposition has 
been given by Sir John Lubbock in the Philosophical Magazine for the 
present year. [L. E. & D, Phil. Mag. vol. xvii. p. 338.) 
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lished during the last thirty years of his life, made this department 
of mathematical science, and more particularly whatever related to 
the action of molecular forces, pre-eminently his own. They compre- 
hend the theory of waves and of the vibrations of elastic substances, 
the laws of the distribution of electricity and magnetism, the pro- 
pagation of heat, the theory of capillary attraction, the attraction 
of spheroids, the local magnetic attraction of ships, important pro- 
blems on chances, and a multitude of other subjects, which the 
time allowed for this notice will not permit me to mention. His 
well-known treatise on Mechanics is incomparably superior to every 
similar publication in the clear and decided exposition of principles 
and methods, and in the happy and luminous combination of the 
most general theories with their particular and most instructive ap- 
plications. 

Poisson was not a philosopher who courted the credit of propound- 
ing original views which did not arise naturally out of the immediate 
subjects of his researches ; and he was more disposed to extend and 

perfect the application of known methods of analysis to important 
physical problems, than to indulge in speculations on the inven- 
tion or transformation of formule, which, however new and elegant, 
appeared to give him no obvious increase of mathematical power in 
the prosecution of his inquiries. His delight was to grapple with 
difficulties which had embarrassed the greatest of his predecessors, 
and to bring to bear upon them those vast resources of analysis, and 
those clear views of mechanical and physical principles in their most 
refined and difficult applications, which have secured him the most 
brilliant triumphs in nearly every department of physical science. 

The confidence which he was accustomed to feel in the results of 
his analysis—the natural result of his own clear perception of the 
necessary dependence of the several steps by which they were de- 
duced—led him sometimes to accept conclusions of a somewhat 
startling character : such were his views of the constitution and finite 
extent of the earth’s atmosphere, which some distinguished philoso- 
phers have ventured to defend*. It is not in mathematical reason- 
ings only that we are sometimes disposed to forget that the conclu- 
sions which we make general are not dependent upon our assumed 
premises alone, but are modified by concurrent or collateral causes, 
which neither our analysis nor our reasonings are competent to 
comprehend. 

The habits of life of this great mathematician were of the 
most simple and laborious kind; though he never missed a meet- 
ing of the Institute, or a lecture, or an examination, or any other 
public engagement, yet on all other occasions, at least in his later 
years, he denied access to all visitors, and remained in his study 
from an early hour in the morning until six o’clock at night, when 
he joined his family at dinner, and spent the evening in social con- 
verse, or in amusements of the lightest and least absorbing charac- 
ter, carefully avoiding every topic which might recall the severity of 

[* Noticed by Mr. (now Sir John W.) Lubbock, in L. E. & D. Phil. Mag. 
vol. xvii. p. 469.—Epir. 

Ne 
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his morning occupations. The wear and tear, however, of a life 
devoted to such constant study, and the total neglect of exercise and 
healthy recreations, finally undermined his naturally vigorous con- 
stitution, and in the autumn of 1838 the alarming discovery was 
made that he was labouring under the fatal disease of water in the 
chest. The efforts of his physicians contributed for a time to mitigate 
the more serious symptoms of his malady; but every relaxation of 
his sufferings led to the resumption of his labours; and to the 
earnest remonstrances of his friends, and the entreaties of his family, 
he was accustomed to reply, that to him da vie c'était le travail; nay, 
he even undertook to conduct the usual examinations of the Ecole 
Polytechnique, which occupied him for nearly ten hours a day for 
the greatest part of a month. This last imprudent effort ended in an 
attack of paralysis, attended by loss of memory and the rapid ob- 
scuration of all his faculties; he continued to struggle, amidst alter- 
nations of hope and despondency, for a considerable period, and died 
on the 25th of April last, in the fifty-ninth year of his age. 

Poisson was eminently a deductive philosopher, and one of the 
most illustrious of his class; his profound knowledge of the labours 
of his predecessors, his perfect command of analysis, and his extra- 
ordinary sagacity and tact in applying it, his clearness and precision 
in the enunciation of his problems, and the general elegance of 
form which pervaded his investigations, must long continue to 
give to his works that classical character, which has hitherto been 
almost exclusively appropriated to the productions of Lagrange, 
Laplace, and Euler. If he was inferior to Fourier or to Fresnel in 
the largeness and pregnancy of his philosophical views, he was in- 
comparably superior to them in mathematical power : if some of his 
contemporaries rivalled or surpassed him in particular departments 
of his own favourite studies, he has left no one to equal him, either 
in France or in Europe at large, in the extent, variety, and intrinsic 
value of his labours. 

The last work on which he was engaged was a treatise on the 
theory of light, with particular reference to the recent researches of 
Cauchy: nearly two hundred pages of this work are printed, which 
are altogether confined to generalities, whose applications were 
destined to form the subject of a second and concluding section : 
those who are acquainted with the other works of Poisson will be 
best able to appreciate the irreparable loss which optical science 
has sustained in the non-completion of such a work from the hands 
of such a master. 

XIV. Intelligence and Miscellaneous Articles. 

LEPIDOMELANE—A NEW MINERAL. 
ae mineral comes from Pirsberg in Wermeland, Sweden, and 

appears to be a species of mica differing from others. It has 
been analysed by M. Soltman in M. Wohler’s laboratory. 

This mineral is a granular and schistose aggregate of small cry- 
stals in scales, which seldom exceed half a line in diameter; their 
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form is irregular, but in some cases it has the appearance of six- 
sided tables, which approach a regular form ; these scales are raven- 
black, and reflect a very bright green, and yield a green powder. 
Separately examined they are flat and shining, their lustre is vitreous 
like the diamond, with very brilliant aggregated faces. They are not 
translucent, but when very small they are transparent. It is diffi- 
cult to state their cleavage and flexibility ; their specific gravity is 
8°; hardness on Mohs’s scale = 3. It is therefore harder than 
the mica of two axes, but less so than the pearly mica ; it is rather 
brittle ; it is rather hard to the touch, but less than pearly mica, 

Heated to redness by the blowpipe, it becomes of a tombac brown 
colour, with the metallic lustre of magnetic iron ore. It gives a 
bottle-green colour to borax, dissolves readily in nitric and hy- 
drochloric acid, and the silica remains in soft pearly scales and cry- 
stalline form, like the mica of one axis. It yielded by analysis 

Silica eee Pe A .e.. 87°40 
Alumina { FOVERS Oe 11°60 
Oxide of Wom 8 e'F SE 2S 27°66 
Protoxide of iron.......... 12°43 
Magnesia and lime,....... 0°60 
Potash 2.585 2S es ee Fim Lo, 9, 
Water S47 2708.63 seaarese OC OU 

99:49 

In some of its characters this mineral resembles a species of mica 
which M. Breithaupt has described under the name of Sideriscker 
Felsglimmer, or Raben Glimmer ; but as the analysis of this has 
not been given, it is difficult to ascertain whether these two minerals 
belong to the same mineral species.—L’ Institut, No. 352. 

HYDROTELLURIC HTHER. BY M. F. WOHLER. 

The existence of this compound is interesting, as affording a fresh 
proof of the remarkable analogy which exists between sulphur and 
tellurium, and as showing that the latter substance may, like sul- 
phur, enter into the composition of organic compounds, and replace 
oxygen in them. 

This ether is readily prepared by the double decomposition of 
sulphovinate of barytes and telluret of sodium ; it is sufficient for 
this purpose to submit solutions of these two substances in water to 
distillation. ‘Ihe telluret is prepared by the calcination of tellurium, 
or the native telluret of bismuth with carbonate of soda, mixed with 
charcoal; and, in order to avoid oxidation, the rough product is im- 
mediately conveyed to the retort which contains the boiling solution 
of sulphovinate. ‘The hydrotelluric ether distils with the water, 
yielding, at the beginning, much froth in the retort. 

This substance is a liquid of a reddish-yellow odour, approaching 
the colour of bromine, but lighter ; it is heavier than water, and this 
dissolves only a trace of it; its odour is disagreeable, extremely 
penetrating, and remains for a long time; it partakes of the smell 
both of hydrosulphuric «ther and hydrotelluric acid, and it appears 

a 
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to be very poisonous. Its boiling point is below 212°; it readily 
takes fire and burns with a brilliant white flame, terminated by a blue 
which is quite peculiar, and it yields a very thick white vapour of 
telluric acid. This ether, when exposed to the air, is soon covered 
with a pellicle, which is at first yellowish, becomes afterwards white, 
and is eventually converted into tellurous acid. If it be exposed in 
a vessel to the direct rays of the sun, it immediately exhales vapour, 
and its oxidation goes on much more rapidly than under the action. 
of diffused light ; the action even of pure oxygen gas is, however, 

never sufficiently energetic to inflame the ether. Nitric acid 
attacks it rapidly, and dissolves it with the disengagement of nitric 
oxide gas; if hydrochloric acid be added to the solution, a heavy 
colourless liquid separates in oily drops; this has not been ex- 
amined. 

According to calculation, hydrotelluric «ther should contain 
68°53 of tellurium; analysis gave 68°75; in fact, 0°560 of this 
ether were dissolved in nitric acid, and hydrochloric acid was 
added; it was then boiled for a long time, after which the addition 
of sulphurous acid separated 0°385 of metallic tellurium dried in 
vacuo. This product is therefore simple hydrotelluric «ther 
C+ H® Te, and is composed of 

Riydropen ©. Fo. wee 
WarOMe ee ne 26°14 
Tellurium = {293s 68 68°53 

100: 
The product, corresponding to mercaptan, would contain 81 per 

cent. of tellurium.—An. de Ch. et de Phys., 75, 215. 

METEOROLOGICAL OBSERVATIONS FOR NOV. 1840. 

Chiswick.—November 1. Foggy: rain. 2. Showery: fine. 3. Foggy. 4. 
Dense fog: clear and fine. 5. Rain: fine: rainat night. 6, 7. Rain. 8, Clear 
and fine. 9. Boisterous. 10. Cloudy and fine. 11. Hazy: rain. 12. Clear. 
13. Boisterous with rain; barometer very low. 14. Clear. 15. Fine. 16. 
Cloudy and windy. 17. Stormy with heavy rain. 18. Heavy rain. 19. Rain: 
fine. 20. Very fine. 21. Stormy with rain. 22—24, Fine, 25. Dense fog. 
26. Sharp frost. 27, 28. Very dense fog. 29. Foggy: fine. 30. Overcast. 

Boston.—Nov. 1. Fine : lightning r.m. 2. Stormy. 3, 4. Cloudy. 5. Rain: 
rain early a.m. 6. Cloudy: raina.m. 7. Cloudy. 8. Fine. 9. Cloudy: rain 
early A.m.: rain a.m. 10,11. Fine. 12. Cloudy. 13. Rain and stormy : rain 
early a.m. 14, Cloudy. 15. Fine. 16. Cloudy: rain earlya.m. 17. Cloudy: 
rain A.M. and e.m. 18. Fine. 19. Cloudy: rain a.m.andr.m. 20. Fine. 21. 
Rain and stormy. 22%. Cloudy: rain early a.m. 23. Rain: rain early a.m. 
24—30. Fine. 

Applegarth Manse, Dumfries-shire-—Nov. 1. Dull, cloudy, and moist. 2. 
Showery all day. 3. Very fine. 4. Wet nearly allday. 5, 6. Occasional show- 
ers. 7. Wet a-o.: cleared up. 8. Slight showers. 9. Rain a.m. : cloudy all 
day. 10. Rain s.m.: moist pM. 11. Thick fog allday, 12. Cloudy and 
watery. 13, Wetand stormy. 14. Fair after rain during night. 15. Fair and 
fine; frosty morning. 16. Rain and high wind, 17. Fair but dull and threaten- 
ing. 18,19. Frost: clear. 20. Thaw: cloudy, 21. Heavy rain a.m. : cleared. 
22. Fairall day. 23. Rainearly a.m. 24. Fair throughout and warm, 25, 
Drizzling day. 26. Frost. 27. Frost: very hard. 28, Frost: threatened 
change. 29, Cloudy; drizzling, 30, Moist without rain, 
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XV. On the Combination of Hydrated (the Hydrate of) Sul- 
phuric Acid with Nitric Oxide. By M. Avoteyu Rose*. 

eB Sfks has frequently occurred of late in commerce, a sul- 
phuric acid which is more or less contaminated by one of 

the oxides of nitrogen, and which, treated with a solution of 
copperas, (ezsenvitriol) gives at times a dark red, at times a 
blackish-brown colouring. It is usually considered as con- 
taminated by nitric acid, which is said to originate, partially 
by the decomposition of the white crystals, which are frequent- 
ly, or almost always formed in larger or smaller quantities in 
the leaden chambers}, partially by the oxidation of the nitrous 
acid in the chambers. Those crystals consist, according to 
Gaultier de Claubry and Henry, of sulphuric acid, nitrous acid 
and water, and are stated to be decomposed on solution in wa- 
ter, into sulphuric acid, nitric acid, and evolving nitric oxide. 

This, even though slight, amount of nitric acid, in English 
sulphuric acid of commerce, is very injurious in the prepara- 
tion of hydrochloric acid, as on the employment of such an 
acid a chloriferous hydrochloric acid is constantly obtained. 

To purify the sulphuric acid from the nitric acid and sul- 
phate of lead, it is usually subjected to distillation. On the 
distillation of a sulphuric acid which gave a strong colouring 
with copperas, I changed the receiver, as in this, according 
to almost all works on chemistry}, the water and nitric acid 

* From Poggendorff’s Annalen, vol. 1. p. 161. ‘Translated and commu- 
nicated by Mr. W. Francis. 
+ [A paper on the composition of these crystals and on the relations of 

their formation in the manufacture of sulphuric acid, by Dr. S, L. Dana, 
appeared in Lond, and Edinb. Phil. Mag., vol. iii. p. 116.—-Ebrr.] 

{ Geiger’s Pharmacie, latest edition, p. 273,—Mitscherlich’s Chemie, 
p. 480. 
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82 M. Adolph Rose on the Combination of Hydrated 

are contained. ‘To my astonishment, however, I found both 
this, as well as the next portion distilled, free from every trace 
of nitric acid, or any other oxide of nitrogen; on the contrary, 
the residuum in the retort was considerably more contamina- 
ted by one of these oxides, a fact which I subsequently found 
Barruel* had already drawn attention to, and which had been 
confirmed by Wackenroder}. On a second distillation, for 
which I employed 4 pounds of the same acid, I obtained the 
same result, somewhat above 11 pound of perfectly pure acid 
having passed over. 

Upon this I mixed 4 pounds of pure sulphuric acid with 
4 ounces of nitric acid of 1:4 spec. gr., and subjected the 
mixture to distillation, taking the precaution to change the 
receivers frequently. ‘The first three ounces distilled were 
very watery, and contained much nitric acid and little sul- 
phuric acid; the succeeding two and three ounces consisted 
almost solely of sulphuric acid, which contained but little 
nitric acid, the next two ounces still contained a trace of nitric 
acid, after which one pound and some ounces of perfectly 
pure sulphuric acid distilled over. An acid then passed over, 
containing traces of one of the oxides of nitrogen, upon which 
the distillation was discontinued. 
The residuum in the retort was coloured yellow, and disen- 

gaged, when mixed with water, nitric oxide, which changed, 
on coming into contact with atmospheric air, into nitrous acid. 
To observe this more distinctly, some of the acid was conveyed 
into a cylinder filled with distilled water, which then became 
filled with a colourless gas that on the addition of air became 
red, and was therefore nitric oxide. The residuum behaved 
towards reagents exactly in the same manner as the solution 
of the anhydrous sulphate of nitric oxide of H. Rosef, in 
sulphuric acid, which led me to suppose that it might perhaps 
be a similar combination, a view which seems to be fully con- 
firmed by subsequent experiments. 

To be certain that nitric oxide, and not nitrous acid, and 
some nitric acid, which might likewise have been the case, is 
contained in the residuum from the distillation, I diluted half 
an ounce of it with water until no evolution of nitric oxide 
any longer occurred, then divided the liquid into two equal 
portions, added to the one half one drop of nitric acid, and 
boiled both portions the same length of time. The por- 
tion to which nitric acid had been added, treated with a solu- 
tion of copperas and pure sulphuric acid, exhibited a very 

* Centralblatt, 1836, p. 314. 
+ Annalen der Pharmacie, vol. xviii. p. 153. 
t Poggendorft’s Annalen, vol, xlvii. p. 605, 

. 
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strong dark colouring; the other portion, treated in the same 
manner, did not exhibit this at all. Had the residue con- 
tained nitrous acid, nitric acid must have formed on dilution 
with water, and I must have obtained in the boiled liquid a 
reaction of nitric acid. I have subsequently always tested in 
this way, and have found it to be the best, when I wished to 
learn whether nitric oxide or nitrous acid was combined with 
the sulphuric acid. 

The sulphate of the protoxide of iron is a most excellent 
reagent for the slightest traces of nitric oxide, nitrous and ni- 
tric acids; but it is absolutely essential always to add a con- 
siderable quantity of pure sulphuric acid, as otherwise small 
traces might easily be overlooked. 

Nitric oxide and nitrous acid may be very well distinguished 
in concentrated sulphuric acid from nitric acid, by the addi- 
tion of a dilute solution of the bichromate of potash, for both 
reduce the chromic acid to oxide, while they themselves are 
converted into nitric acid. The liquid is thereby coloured 
green; it is, however, requisite to add the dilute solution of 
the bichromate of potash in drops, otherwise the green colour 
might easily be concealed by the excess of the reagent. Nitric 
acid cannot naturally act in a reducing manner on the chro- 
mic acid of the bichromate of potash. A solution of the per- 
manganate of potash cannot be employed, as this is altered by 
powerful acids; but it is a most excellent test, if the sulphuric 
acid has been previously diluted with about six parts of water. 
If sulphuric acid be mixed with pure distilled nitric acid, 
diluted with six parts of water, and, after it has perfectly 
cooled, some drops of a solution of the permanganate of pot- 
ash be added to it, the colour is not in the least affected ; but 
if the residue from the distillation, which, as I have shown to 
be probable, consists of a solution of the sulphate of nitric 
oxide in sulphuric acid, be diluted with six parts of water, 
the solution of the permanganate of potash is decolorated by 
it. If I heat the diluted liquid for a moment, so that the so- 
lution of the protosulphate of iron with sulphuric acid still in- 
dicates the presence of nitric oxide, the solution of the per- 
manganate of potash is likewise decolorated. If I continue 
to heat the solution of the protosulphate of iron with sulphuric 
acid, it no longer occasions any colouring, and a drop of the 
solution of permanganate of potash is no longer decolorated. 

Wackenroder* advised the addition to the concentrated or 
diluted sulphuric acid of a solution of the sulphate of the deut- 

* Annalen der Pharmacie, vol. xviii. p. 154, 
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oxide of manganese, which, on the presence of nitric acid is 
not, but on that of nitric oxide and nitrous acid is, immediately 
decolorated ; however, the solution of the hypermanganate of 
potash is far more sensitive. 

A portion of the residuum from the distillation of the sul- 
phuric acid with nitric acid, was distilled in a small retort 
over an alcohol lamp, with the precaution that the passing 
product of distillation was frequently removed and tested. At 
first a sulphuric acid passed over, which contained very little 
nitric oxide ;, however, the amount of this latter increased in 
the succeeding portions more and more; and the last was a 
concentrated solution of the sulphate of nitric oxide in sul- 
phuric acid, which acted towards reagents exactly like the 
solution of the sulphate of nitric oxide in sulphuric acid pre- 
sently to be mentioned. Only a trace of the sulphate of lead 
remained in the retort. The last product was white, became 
yellow on heating, and on diluting it with water, green, blue, 
and lastly, colourless, under the evolution of much nitric 
oxide. 

I hereupon attempted to prepare direct a combination of 
nitric oxide with hydrated sulphuric acid. I passed nitric 
oxide dried over the chloride of calcium, into distilled English 
sulphuric acid which was placed in a large vessel, but so that 
the entrance of air was prevented. A rapid absorption took 
place when the disengagement was not effected too violently, 
and no gas could be observed to escape; only when the evolu- 
tion was too violent did nitric oxide escape. At the same time, 
a crystalline crust was formed on the sides of the vessel, which, 
however, disappeared again when the glass was shaken, it be- 
ing dissolved by the acid. After passing the nitric oxide 
through for some time the liquid became lilac, then slightly 
blue, and at last, beautiful dark blue, without any increase of 
temperature being perceptible. The liquid became thicker 
and thicker, and on shaking the vessel ran down its sides like 
a thick syrup; on shaking it was converted into a white frothy 
mass, which, however, on being left to stand, again changed 
into the blue syrup. By continually passing nitric oxide 
through it, it was at last converted into a solid white cry- 
stalline mass, which melted on being slightly heated without 
decomposition, and on cooling, again solidified. 

If I passed nitric oxide not dried over the chloride of cal- 
cium, into English sulphuric acid, a slight increase of tempera- 
ture occurred ; nevertheless, the crystals then appeared to form 
more rapidly, so that it seems that a little aqueous vapour 
favours their formation. 
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If this crystalline salme mass was treated in a dry glass 
gradually with water, nitric oxide was evolved, and there was 
formed, according to the quantity of water, a green, blue, 
and lastly, a colourless liquid. The crystalline mass dissolves 
in concentrated sulphuric acid without decomposition ; and, 
if the solution be subjected to distillation, the superfluous sul- 
phuric acid, contaminated by some sulphate of nitric oxide, first 
passes over, and then the concentrated solution of the sulphate 
of nitric oxide in sulphuric acid, which can be distilled over 
several times without decomposition. This solution, as wellas 
the crystalline mass, was tested for nitric and nitrous acids 
in the manner previously described, without, however, a trace 
of them being discovered. Asa counter-experiment here like- 
wise, as always subsequently, a drop of nitric acid was added 
to the one half of the diluted solution, and both portions were 
boiled for an equal length of time. In the portion to which 
nitric acid had been added, I naturally obtained with sul- 
phuric acid, and a solution of copperas, a deep brownish-black 
colouring ; in the other portion not the slightest trace of it. 

The sulphate of nitric oxide is, it is true, decomposed as 
rapidly by water as its solution in sulphuric acid ; yet the de- 
composition does not seem to be effected perfectly in the cold ; 
if, however, a great quantity of water be employed for dilu- 
tion, and it be boiled somewhat longer, every trace of nitric 
oxide at last escapes. But so long as one of the oxides of 
nitrogen is detected in the solution, by means of sulphuric acid 
and copperas, the solution of the permanganate of potash is 
decolorated by it. 

The combination of nitric oxide with anhydrous sulphuric 
acid, prepared by Prof. H. Rose, acts, according to the ex- 
periments I have made with it, in exactly the same manner, 
On dilution with water the same play of colours occurs under 
disengagement of nitric oxide; and if the diluted solution be 
boiled for some minutes, all the nitric oxide escapes, and the 
solution of copperas with sulphuric acid does not indicate any 
nitric acid in the boiled liquid. Likewise, in this case, the 
sulphate of the nitric oxide is more completely decomposed, 
English sulphuric acid being present. If the crystalline mass 
was diluted with much water, and heated only for a moment 
without sulphuric acid, it was, it is true, coloured by copperas 
and sulphuric acid, but then the cooled liquid also still disco- 
loured a dilute solution of the permanganate of potash ; as 
soon as this, after longer boiling of the cooled liquid, was no 
longer discoloured, did copperas and sulphuric acid likewise 
cease to react. 

Since these crystals acted exactly in the same manner as 



86 M. Adolph Rose on the Combination of Hydrated 

those which are produced in the preparation of English sul- 
phuric acid, as also those which originate on passing nitrous 
acid into the hydrate of sulphuric acid,.and which, as already 
mentioned, are stated to consist not of nitric oxide, sulphuric 
acid and water, but of nitrous acid, sulphuric acid and water, 
I was induced to prepare them. 

For this purpose I conducted into a spacious bottle, coa- 
taining one ounce of distilled oil of vitriol, and which was con- 
nected air-tight with a pneumatic trough, nitrous acid which 
I obtained by boiling 1 part of starch with 10 parts of nitric 
acid of 1°3 spec. gr. (according to Liebig’s method). The air 
in the flask became immediately coloured dark red, and the 
escaping gas was caught; it consisted, however, for the greater 
part, of carbonic acid which had been produced by the action 
of the nitric acid on the starch contemporaneously with the 
nitrous acid. Since my expectation that oxygen would be 
evolved was disappointed, I terminated the operation after an 
hour. A yellowish green liquid had formed. If one part 
was diluted with much water, a great deal of nitric oxide was 
evolved; the diluted fluid, to one part of which sulphuric 
acid was added, to the other not, was boiled for some length 
of time, the evaporated water being from time to time re- 
placed ; but, nevertheless, I constantly obtained, on the addi- 
tion of pure sulphuric acid and solution of copperas, a strong 
brown colouring, while the solution of the hypermanganate 
of potash was not in the least decolorated by it. 

The well-closed liquid solidified after some hours on sha- 
king, and separated into a white crystalline mass and into a 
supernatant yellowish liquid, which was separated from the 
crystalline mass by means of a funnel and glass rod; the cry- 
stalline mass was dried on clay-stone (Thonstein), over sul- 
phuric acid. The filtered liquid contained much sulphate of 
nitric oxide, dissolved in sulphuric acid and nitric acid; when 
diluted with much water and boiled for any length of time, 
the evaporated water being from time to time restored, I ob- 
tained with a solution of copperas and sulphuric acid a strong 
deep brown colouring, while a dilute solution of the perman- 
ganate of potash was not discoloured. ‘The crystalline dried 
mass gave on dilution with water under evolution of nitric 
oxide the frequently-mentioned changes of colour, behaved 
like the sulphate of nitric oxide, only that in the boiled diluted 
aqueous solution traces of nitric acid were constantly detected ; 
this slight trace undoubtedly arose solely from the adherent 
mother-liquor, from which it cannot be separated. The nitrous 
acid seems to have been decomposed on its passing through 
sulphuric acid into nitric oxide and nitric acid, the former 
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combining with the sulphuric acid, while the latter is present 
in great quantity in the mother-liquor. It is hence evident, 
that the crystals formed in this manner are contaminated either 
by nitric acid or by the nitrate of nitric oxide. 

I now prepared these crystals by passing sulphurous acid 
and nitric oxide into a large vessel filled with atmospheric air, 
into which, by means of a glass tube, I could spurt water or 
blow air. With the presence of some water and an excess of 
nitric oxide, the crystals formed immediately, and covered 
partly the inner sides of the vessel, partly appeared in the 
centre in crystalline flakes, quite similar to snow. Decom- 
posed by water, nitric oxide was abundantly evolved; but if 
this solution was boiled with sulphuric acid and water, and 
then solution of copperas and pure sulphuric acid added to it, 
it evinced no reaction of nitric acid, but this must necessarily 
have been the case if the crystalline mass consisted of nitrous 
acid, sulphuric acid and water. I likewise in this case di- 
vided the solution into two parts, and added to the one por- 
tion a trace of nitric acid, boiled this portion even somewhat 
longer, and yet obtained a distinct reaction of nitric acid in 
the portion to which nitric acid had been added, while the 
other portion showed not the least trace. Nor did I omit to 
add to the diluted boiled solution, after cooling, a solution of 
hypermanganate of potash, and by that means firmly con- 
vinced myself that no nitric acid had been formed by diluting 
with water, and that these crystals therefore did not consist of 
nitrous acid and sulphuric acid, but of a combination of sul- 
phuric acid, nitric oxide and water. 

But if, after the operation is terminated and the vessel re- 
mains filled with nitric oxide, atmospheric air be so long blown 
into the vessel that it again becomes colourless, then indeed a 
slight reaction of nitric acid is obtained after boiling, which 
however certainly arises from the water in the vessel dissolving 
the nitrous acid formed. ‘The solution was tested as above. 

These, then, are the crystals which are formed in the lead 
chambers in the preparation of English sulphuric acid, and 
always will be formed when an excess of nitric oxide in com- 
parison to atmospheric air and sulphurous acid is present, a 
portion of the nitric oxide then changing only into nitrous acid, 
which oxidizes the sulphurous to sulphuric acid, and this then 
immediately enters into combination with the nitrous oxide ; 
nay, they will be formed even with an excess of nitrous acid 

and atmospheric air, the sulphuric acid formed decomposing 
the nitrous acid into nitric acid and nitric oxide, with which 
it combines. It is therefore requisite, in order to avoid the pro- 
duction of these crystals in the preparation of sulphuric acid, 
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to see that sulphurous acid is constantly present in sufficient 
quantity in the chamber. 

The quantitative analysis of these crystals, as well as of 
those which originate on passing nitric oxide into sulphuric 
acid, and which is connected with some difficulties, I intend 
communicating in a subsequent paper. 

The solution of the sulphate of nitric oxide in sulphuric 
acid is so analogous to the red fuming nitric acid, that it is 
not improbable that the latter may be with more reason re- 
garded as a solution of the nitrate of nitric oxide in nitric 
acid, in favour of which, moreover, is the fact noticed by Gay- 
Lussac, that crystals are formed on mixing the red fuming 
nitric acid with fuming sulphuric acid, which are undoubtedly 
the sulphate of nitric oxide. If the solution of the sulphate of 
nitric oxide in sulphuric acid be distilled, the superfluous sul- 
phouric acid as above-mentioned first passes over, and then 
this concentrated solution, which can be distilled several times 
without decomposition. When heated, the concentrated so- 
lution becomes yellow; diluted with water it is changed, un- 
der evolution of nitric oxide, according to the quantity of 
water, into a green, blue, and colourless liquid, just as is the 
case with fuming nitric acid. Both this, as well as the fuming 
nitric acid, cannot be completely decomposed by mere dilution 
with water, for if the diluted solutions of both be kept for any 
length of time, they still decolorate the solution of the perman- 
ganate of potash. But by heating, nitric oxide is expelled 
from both, only in fuming nitric acid quicker. Both can be 
prepared by merely passing nitric oxide into sulphuric acid, 
or into nitric acid. 

Berzelius* considers it quite as probable that the fuming 
nitric acid is a solution of a combination of nitric oxide with 
nitric acid, as that it is a combination of nitrous acid with ni- 
tric acid in excess of nitric acid; and the first view un- 
doubtedly acquires greater probability from the existence of 
an analogous combination with sulphuric acid. 

It now appeared to me still of interest to learn how it is that 
at present the sulphuric acid is so frequently contaminated 
with the sulphate of nitric oxide, for contamination with nitric 
acid perhaps seldom occurs. I diluted pure sulphuric acid 
with water so long till it had a spec. gr. of 1:2 (of which con- 
centration it is generally drawn off from the lead chambers), 
and treated a portion of it with the sulphate of nitric oxide, a 
portion with a soluticn of the same in sulphuric acid, a portion 
with pure nitric acid, and another portion with fuming nitric 
acid. Upon this I heated each portion separately in a retort un- 

* Berzelius’s Lehrbuch der Chemie. 
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til sulphuric acid passed over, always obtaining pure sulphuric 
acid as the residuum; I had, however, especially with the ad- 
dition of nitric acid; to continue the heating so long, that the 
remaining sulphuric acid had a spec. gr. of 1°84. Even when 
concentrated sulphuric acid is mixed with nitric acid, and the 
mixture exposed to a very gentle heat, sulphuric acid, almost 
pure, is obtained as the residue. If the concentrated acids be 
mixed together without any change of temperature taking 
place, and the mixture be left to stand for several weeks, no 
decomposition appears to occur; if large quantities be quickly 
mixed together, a trace of the sulphate of nitric oxide is formed, 
which probably arises from a disengagement of heat. But if 
the mixture be quickly heated in a retort, a decumposition en- 
sues, the neck of the retort is filled with red fumes, and at 
first a sulphuric acid, containing nitric acid, distils over, then 
pure sulphuric acid, and in the residue remains sulphuric acid, 
containing the sulphate of nitric oxide dissolved. When the 
sulphuric acid is coloured by organic substances, and it is 
decolorated by warming and adding drop by drop nitric acid 
to it, it becomes contaminated with sulphate of nitric oxide. 

According to this the sulphuric acid ought to occur in com- 
merce free from every oxide of nitrogen, when it has a specific 
gravity of 1°84, of which strength it however rarely occurs, and 
only rendered impure by the sulphate of nitric oxide when it 
has been discoloured by nitric acid. Of late the sulphuric 
acid is concentrated in vessels of platina, which are so con- 
structed that dilute sulphuric acid continually flows into the 
more concentrated, and this is probably the cause that the 
sulphate of nitric oxide is formed which then does not distil 
over. 

Barruel* has proposed to digest the impure sulphuric acid 
over sulphur at 200° cent. in order to destroy the acids of ni- 
trogen, and then to distil. But if the acid be distilled, then 
this is superfluous, for even did the sulphuric acid contain ni- 
tric acid, a pure acid would be obtained by distillation, which 
is even, as I have stated, obtained when one ounce of nitric 
acid is added to a pound of sulphuric acid, a contamination 
which occurs seldom if ever in commerce; it is merely requi- 
site to change the receiver frequently. If the sulphuric acid 
contains the sulphate of nitric oxide, then a pure acid passes 
over immediately. 

To procure a pure sulphuric acid for the preparation of 
hydrochloric acid, it is only necessary to mix it, (it mat- 
ters not whether it be contaminated by the sulphate of nitric 
oxide or nitric acid, with two parts of water) and then to heat 

* Centralblatt, 1836. p. 315. 
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it in a retort until vapours of sulphuric acid pass over, where- 
by there is at the same time the advantage of having an acid 
of 1°85 sp. gr. . \ 

In the distillation of sulphuric acid several precautions have 
been proposed to avoid the sudden jerks (stossweise) in the boil- 
ing of the acid, yet most of them are by cautious equal heat- 
ing, even the platina wire, unnecessary, and IJ have at last even 
distilled without this over an open fire, without ever meeting 
with an accident. But it is very necessary that the neck of the 
retort is not too long and is as broad as possible, and that the 
receiver does not lie immediately on the neck of the retort, 
but is separated from it by a platina wire, and that an equal 
fire be kept up, which is best attained by using charcoal. ‘The 
retort is filled two-thirds with sulphuric acid, placed with the 
usual precautions in the sand bath, and at first a good fire 
kept up until strong vapours ascend from the acid; the fire 
is then diminished, and the acid comes to boil gently. Care 
should be taken, by keeping up an equal fire, that the acid 
does not cease boiling; shou!d this happen, it is not necessary 
to interrupt the distillation, but the fire must be cautiously in- 
creased, that the acid may not enter suddenly into a too vio- 
lent ebullition. 

XVI. A new Method of analysing the Ores of Iron, and Crude 
Iron. By Professor Fucus*. 

A bel process is founded upon the fact, that hydrochloric 
acid is incapable of dissolving metallic copper, provided the 

air be excluded ; but if a piece of copper be put into a solu- 
tion of a persalt of iron in hydrochloric acid, the persalt is 
converted into a protosalt, and a quantity of copperis dissolved, 
forming a protosalt of copper exactly equivalent to the quan- 
tity of peroxide of iron contained in the solution. 

Into a solution of peroxide of iron in hydrochloric acid put 
a piece of copper, whose weight is accurately known; boil it 
well until no more copper is dissolved ; weigh the undissolved 
copper after having cleaned and dried it, and thus ascertain 
how much copper has been dissolved. ‘The quantity of per- 
oxide of iron contained in the solution is to that of the cop- 
per dissolved as their respective equivalents, viz. as 40 to 31°7. 
Therefore if 31°7 copper be dissolved, it indicates 40 as the 
quantity of peroxide of iron originally contained in solution. 

When the peroxide and protoxide are both present, two 
experiments are necessary to determine their respective quan- 

* Extracted from the Transactions of the Royal Bavarian Academy. 

| : 
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tities. The quantity of peroxide is ascertained in the manner 
just indicated. ‘To determine the quantity of protoxide the 
whole of the iron must be brought into the state of peroxide, 
and from the amount of the peroxide thus obtained must be 
deducted the quantity of peroxide in the first experiment, and 
the remainder reduced to the protoxide by calculation. 

The following precautions must be observed in order to 
obtain accurate results. The copper must be in a state of 
purity. The hydrochloric acid must be also pure, tolerably 
concentrated, and employed in excess. Nitric acid should not 
beused for bringing the iron to the state of peroxide, but either 
a stream of chlorine, or what is preferable, chlorate of pot- 
ash. Upon adding the piece of copper to the solution it must 
immediately be brought to the boiling point, and kept there 
in order to prevent access of air. Previously to removing the 
undissolved copper from the solution, hot water is to be added 
till the vessel is quite full; this is to be poured off and fresh 
hot water to be added: the copper, which is generally covered 
with a brownish coating, is then carefully washed in cold 
water, dried at a gentle heat, and then weighed. ‘lhe fore- 
going process has this advantage; that the substances ordi- 
narily met with in iron ores,—such as silica, alumina, mag- 
nesia, lime, oxide of titanium, oxides of manganese, the phos- 
phoric and sulphuric acids, &c.—do not in any way interfere 
with the accuracy of the results. An iron ore containing 
arsenic, however, cannot be analysed on this principle, as 
blackish gray scales of arseniuret of copper are deposited on 
the metallic copper. 

This process is applicable to the examination of cast iron, 
or iron of other kinds, and also for the comparison of one sort 
of iron with another. 

Among many experiments which were made, M. Fuchs 
relates the following. 

Exp. 1. 50 grains of very soft English iron were dissolved 
in hydrochloric acid, and brought to the state of peroxide by 
chlorate of potash; 85°8 grains of pure copper were boiled in 
this solution, of which 56°2 grains were dissolved. ‘Therefore 
as 31°7 : 28 :: 56°2 : 49°46, which is equal to 98°92 per cent. 
of pure iron; a repetition of this experiment gave 99°19 per 
cent. 

Exp. 2. 50 grains of pianoforte wires were examined, which 
indicated 98°75 per cent. of pure iron. ‘The iron in this expe- 
riment was peroxidized bya current of chlorine; a consider- 
able deposit of carbon was formed during the process of so- 
lution in hydrochloric acid, which, however, disappeared upon 
passing chlorine through the solution. 
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Exp. 3. 50 grains of gray and white cast iron from Bergen 
were examined, and gave 94°33 per cent. of pure iron: the 
impurities, on examination, were found to consist of 

Carbon ... 3°43 
Silied tvs. 41675 
Phosphorus 0°37 
Sulphur ... 0°12. 

5°67 
Exp. 4. 70 grains of crystallized carbonate of iron from Lo- 

benstein, examined, gave equal to 56'9 per cent. of protoxide, 
equivalent to 91°68 per cent. of carbonate of the protoxide ; 
the other constituents consisted of carbonate of the protoxide 
of manganese and carbonate of lime and magnesia. 

Exp. 5. 70 grains of specular iron ore from Gleissing in the 
Vichtelgebirge, gave upon examination a quantity equal to 
92°30 per cent. of peroxide of iron, and 7*40 per cent of silica, 
leaving only a loss of 0°3 per cent. 

Exp. 6. Crystallized magnetic iron, containing both pro- 
toxide and peroxide, was next examined. 50 grains were 
dissolved in hydrochloric acid, to which chlorate of potash 
was added to bring the whole of the iron to the state of per- 
oxide. 40°71 grains of copper were dissolved, which is equi- 
valent to 51°36 of peroxide of iron, or 102°72 per cent. An- 
other portion of 50 grains was dissolved without the addition 
of chlorate of potash; the copper taken up was only 27°1 grains, 
equivalent to 34°2 grains of peroxide of iron, or 68*4 per cent.; 
this deducted from 102°72 indicated by the first 50 grains, gives 

' 34°32, corresponding to 30°88 protoxide of iron: consequently 
this mineral gave 68°40 peroxide of iron 

30°88 protoxide of iron 
0°72 loss. 

100°00 
This process is applicable in many instances to the deter- 

mination of the quantity of copper contained in ores of that 
metal. 

The ore of copper is to be dissolved in hydrochloric acid, 
care being taken that the whole of the copper is converted 
into oxide or chloride; the solution is then to be boiled with 
copper (the necessary precautions having been first duly ob- 
served), until it assumes a pale olive-green tint, and becomes 
colourless on being diluted with water. If no oxide of iron 
be present, precisely the same quantity of copper will be trans- 
ferred to the solution as was originally contained therein; the 
quantity of copper remaining is to be subtracted from the 
quantity of reguline copper employed in the experiment, in 
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order to ascertain the amount of copper contained in the cop- 
per ore examined. 100 grains of pure malachite were ex- 
amined in this manner, and gave equal to 57°5 of pure copper, 
which is very nearly the quantity that should be obtained ; 
had the quantity of copper dissolved proved considerably less, 
it would have shown that the malachite was not in a state of 
purity. 

XVII. On the Electricity of Steam. By Joun Wi.utaMs, Esq. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 

WABLY in November last, I read in your Journal a com- 
munication from Mr. Armstrong, of Newcastle-upon- 

Tyne, on the subject of the electricity observed in a jet of 
steam issuing from the boiler of a high-pressure steam engine*. 
I felt much interested on reading this account, as I doubt not 
that it will eventually lead to some valuable discoveries relative 
to meteorology and atmospherical electricity, subjects which 
have occupied much of my attention for more than forty years 
past. 

Volta’s experiment of dropping a red-hot coal into a vessel 
of water placed on the insulated cap of an electrometer, was 
repeated by mein various ways and on a large scale; and 
from the results, I came to a conclusion that the positive elec- 
tricity observed in the steam-cloud on its 7mmediate formation 
was simply the effect of evaporation, and not, as some elec- 
tricians have supposed, of a decomposition of the water into 
its primitive elements. And I imagine, that when steam under 
great pressure, and, consequently, of a high temperature, is 
liberated, and in the act of expanding and mixing with atmo- 
spheric air, ithas its capacity for electricity increased ; and that 
a similar process is continually in action in the ordinary course 
of evaporation from the surfaces of water, leaves of vegetables, 
and moist soil, with this difference ; that in the latter natural 
processes the resulting electricity of the rising vapour is of 
low intensity, and not discoverable by our ordinary electro- 

meters. 
These reflections led me to the consideration of the cause 

of volcanic lightning, and particularly of the shape generally 
assumed by the enormous cloud of smoke, as described by Sir 
William Hamilton on viewing an eruption of Vesuvius, 

* [Papers on this subject have appeared in our Numbers for November, 
December, and January; vol. xvii. p. 370, 375, 449, 452, and 457; pre- 
sent yolume, p. 14, 50, and 95.—Enir.] 
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With a view to find out the cause of volcanic lightning, I 
made some experiments with great care, by insulating a small 
portable furnace; and by doubling the electrical signs, by 
means of condensers, I found the insulated furnace to be in 
a negative state when the fire burnt with a strong flame; 
these electrical signs, however, were strongest after the ad- 
dition of fresh fuel, and when a dense smoke arose a few seconds 
before it burnt into flame*. 

After the locomotive high-pressure engines came into use 
as public conveyances for passengers, I visited Manchester and 
Liverpool purposely to inspect the machinery and observe the 
steam- and hot-air cloud when issuing from the funnel; the 
weather being cold, and consequently the steam visible, I no- 
ticed the rapid divergence of the particles of vapour, and thought 
this might be caused by its electrical state, which I resolved to 
prove by experiment, but which I was not enabled to do till 
November 1838, when, having provided myself with a small 
close-covered boiler, made with strong sheet-copper, and fur- 
nished with a safety valve loaded with a weight, it was placed 
on a portable furnace, and insulated on a stool with glass legs, 
placed under a large spreading willow-tree in my garden, 
where I never could observe any signs of atmospherical elec- 
tricity. The day was nearly calm. The following is a copy 
of the marginal note I entered in my meteorological journal : 

«* November 13th, 1838.—To-day I repeated a former ex- 
periment, which fully confirmed my pre-conceived ideas, that 
when steam, confined under pressure in a boiler, is suddenly 
allowed to escape into the open air, the liberated steam has 
its capacity for electricity increased, consequently it leaves an 
insulated boiler in a negative state, which proved to be the 
case; for on raising the safety valve by means of a silk string 
and a piece of sealing-wax, ¢he gold leaves of the electrometer 
opened one quarter of an inch with negative electricity.” 

I am, Gentlemen, 

Your obedient servant, 

Pitmaston, Worcester, 15th December, 1840. Joun WILLIAMS. 

* [It must be remembered, that the cloud, apparently of smoke, which 
issues from the crater of a volcano in eruption, is not really smoke, but 
steam, (mingled with finely-divided solid matter—volcanic sand,—consist- 
ing almost entirely of di-electrics,) issuing from an orifice in non-conduct- 
ing matter. Volcanic lightning, therefore, is precisely analogous to the 
electric sparks given by effluent steam.—E. W. B.] 

+ The former experiment here alluded to was made by me many years 
ago, by opening a steam-cock on a large Watt’s low-pressure engine boiler, 
and I found by my electrometer that the expanding steam-cloud was in a 
state of positive electricity. 

: 
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XVIII. On the Circumstances under which Steam developes Po- 
sitive Electricity. By Dr. CHARLES SCHAFHAEUTL*. 

| a conversation with Mr. Bradley of the Adelaide Gallery, 
he informed me that steam issuing under a pressure of 

about 40 atmospheres, from the boilers of Mr. Perkins’s 
steam-gun, was able only slightly to move the gold leaves of a 
voltaic condenser. On my expressing an opinion that the 
electricity of the issuing steam had some relation to the form- 
ation of the deposit or incrustation in the boiler, he invited 
me to make some experiments at the Adelaide Gallery, in 
order, if possible, to elucidate this point. 

As Mr. Perkins’s boiler is constructed so as to prevent 
any incrustation forming, I selected for my experiments a 

common Marcet boiler, consisting of a globular iron vessel 
about 5 inches diameter, in the vertical axis of which is 
inserted a mercurial gauge, and at an angle of 45 degrees 
from it, a thermometer on one side, and on the other side a 
jet, with a stop-cock. The lower part of the boiler was of 
course occupied by quicksilver, on the top of which distilled 
water was poured to the height of 11 inch. In the direction 
of the jet a giass bell was suspended of 9 inches diameter 
and 5 inches in depth, so that the distance of the top of the 
bell from the orifice of the jet was about 9 inches. A bundle 
of copper wire was then attached at one end to the disc of a 
voltaic condenser, and the other end was spread out and in- 
serted in the glass bell. The water in the boiler was then 
brought to a state of ebullition, and when the mercurial 
column had risen to 31 inches, the stop-cock of the jet was 
opened, the issuing steam condensed in the glass bell in great 
quantities, and the gold leaves of the voltaic condenser after 
the first few seconds separated instantaneously to their full 
extent, even under a pressure of 23 inches. ‘This was like- 
wise the case when the condensing plate was removed from 
the electroscope, and the gold leaves were always found posi- 
tive electrified. 

The steam under the same pressure directed against the 
copper wires without the bell was found to exhibit no trace 
of electricity. 

The distilled water, which had assumed a red colour from 
the hydrate of oxide of iron derived from the inside of the 
boiler, was now changed for a saturated solution of common 
salt, which occupied a space of about three quarters of an inch 
on the top of the quicksilver ; the other part of the experiment . 

* Communicated by the Author, whose former communications on the 
subject will be found in vol. xvii. p, 449, and in our last Number, pres. 
vol, p, 14. 
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was then repeated as before, but no trace of electricity could 
be discovered. 

After the greater part of the water had been evaporated 
the boiler was opened, the deposited salt removed, and after 
being well washed filled again with distilled water. After the 
steam had reached a pressure of 31 inches, as in the first in- 
stance, the stop-cock was again opened as before, and the 
jet of steam was directed against the inside of the glass bell 
in all its varied positions, but the gold leaves of the con- 
denser remained motionless, or when positively electrified had 
a tendency to collapse. 

I was obliged to fill the boiler again, and now took care to 
have the same quantity of water as in the first experiment. 
On the second trial the gold leaves separated again. On the 
third trial the jet of steam touched the outside as well as the 
inside of the glass bell. The fourth succeeded as in the first 
experiment, and afterwards no effect could be produced. 

The boiler was again filled, and as I thought I had ob- 
served that the gold leaves separated only when the steam 
issued from the jet with a peculiar rushing fluttering noise, 
quite different from the hissing sound which generally accom- 
panies the escape of pure steam, I therefore directed my par- 
ticular attention to it in this experiment. 

The water was at the height of about 13 inch, and as soon as _ 
the mercurial column had reached 32 inches I opened the stop- 
cock with one hand, bringing with the other hand the axis of 
the glass bell in the direction of the jet of steam. The rush- 
ing sound was immediately observable, and the condensed 
water streaming from the edges of the bell, the gold leaves 
separating at the same moment to their extreme angle. After 
I had discharged the disc of the electroscope the leaves again 
opened several degrees, which happened likewise the third and 
fourth time, as often as the vibrating bell came into contact with 
the wires. The wetted interior of the bell had, therefore, not 
only obtained, but also retained, a small charge long after the 
steam had ceased to flow, and I was now able to produce the 
desired effect as often as I pleased, the success depending en- 
tirely on that state of the escaping steam which causes the 
rushing or fluttering noise which happened only when the 
boiler was filled at about 1} inch, and ceased when the boil- 
ing sheet was reduced, the escape of steam without that pecu- 
liar sound, even under a pressure of 32 inches, causing the 
separated gold leaves to collapse. 

The temperature of the glass bell seemed to be of little 
consequence, as the experiment succeeded on the first trial 
when the glass was quite cold, as well as when the bell had 
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become warm after repeated trials; the only requisite be- 
ing that peculiar condition of the steam which produces the 
above-mentioned rushing noise. Now this noise appears to 
be caused solely by the sudden boiling of the water, and the 
conversion of a portion of it into a fine spray, as the steam 
issuing under those circumstances and splashing against the 
interior of the bell deposits a large quantity of water run- 
ning down in drops, and often in streams, from the edge of the 
bell. 

The boiler was insulated and the stop-cock was opened 
with a dry folded silk handkerchief, but the omission of all 
these precautions did not in the slightest degree affect the 
results; a proof that the electricity of the steam developed 
in the glass bell could not be contained in the steam during 
its passage through the 3-inch long metallic jet of the boiler, 
as all electricity would have been deposited in this narrow 
metallic passage. But the condensation of steam even into 
the form of mist, seems not to be sufficient to produce elec- 
tricity; the condensation into liquid water seems to be indis- 
pensable, at least in the present experiment, where the elec- 
tricity appears to be due to the deposit of liquid water in the 
bell solely, or perhaps in relation to the separation of this 
liquid water from the steam. 

The circumstance of steam in a state of mist not being 
capable of exhibiting traces of free electricity, seems to afford 
us some clue to the elucidation of a hitherto mysterious phe- 
nomenon, viz. that only certain clouds are capable of pro- 
ducing thunder storms. A common cloud consisting only of 
moisture seems to be analogous to a pure jet of steam in the 
glass bell, both consisting of minute hollow water globules or 
bubbles, leaving only a small deposit of moisture in the glass 
bell, or in the air, which finally collects into small drops of 
rain. But when the steam deposits rapidly a great quantity 
of liquid water which in a thunder-cloud produces those well- 
known heavy showers, electricity is set free in great quan- 
tities, so that a jet of issuing steam from Marcet’s boiler in 
three seconds produced the same effects upon the gold leaves 
of the electroscope as a feeble spark from an electric machine 
with a glass plate of 9 inches, produced in damp weather. 
I have here only to observe, that the sudden separation of 
water in drops in thunder-clouds seems to be caused, as I ex- 
pressed on a former occasion, by a sort of sudden compression 
and cooling caused by the vehement currents of air towards 
the centre of the thunder-cloud; because I found when I was 
immersed in a thunder-cloud, that the hygroscope during 

Phil. Mag. 8. 3, Vol. 18, No. 115. Zeb. 1841. 
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the increase of the wind ‘rose to the highest degree of wet; 
the thermometer at the same time falling, which was followed 
immediately by a separation of water and a flash of lightning, 
either at the same moment, or following each other at short 
intervals. It therefore appears that the column of vapour 
rising from the crater of a volcano seems to be in a similar 
condition to the fluttering steam issuing from the jet of 
Marcet’s boiler, and the flashes of lightning attributable to 
the separation of the liquid water from steam and smoke, as 
I hinted in my first communication on this subject, before I 
was enabled to make these experiments. 

In continuing the above-mentioned experiments, I found 
that the bundle of wires connected with the electroscope for 
the absorption of the supposed electricity of the steam, might 
be dispensed with, and nothing more was necessary than to 
hold the glass bell against the jet of issuing steam; and as 
soon as the peculiar rushing noise commenced, the jet of 
steam at the same time changing from transparency to a milk- 
white opacity, the interior of the bell became immediately 
charged with electricity, whether the bell was 9 or 18 inches 
distant from the metallic jet. If the inside of the bell be 
brought whilst in this state into contact with the knob of the 
electroscope, the gold leaves immediately diverge very widely, 
and by repeating this experiment several times, a spark may 
easily be obtained. 
A copper wire inserted through the jet into the boiler; 

forming the axis of the pencil of issuing steam, such wire 
approaching even within an inch of the glass bell, did not in 
the slightest degree affect the results described; a further 
proof that the free electricity which manifested itself was not 
contained in the issuing steam, but was developed during con- 
densation in the glass bell. A tinfoil) coating on the outside 
of the bell, reaching within an inch and a quarter of the edge, 
very considerably diminished the quantity of electricity. When 
an inch and a half of this coating was removed, the bell acted 
the same as when entirely uncovered, which may, perhaps, be 
simply ascribed to the steam on rushing out of the bell coming 
into contact with the foil when it is so near the edge. 

If the water in the boiler was saturated with common salt 
or with sulphate of lime, and even a slight excess of sulphuric 
acid, the angle between the diverging gold leaves remained 
the same as if distilled water was used. 

From these experiments we may safely infer that the ob- 
served free positive electricity in this case was solely attribu- 
table to the sudden condensation and separation of water from 
steam, caused in my experiment by its coming into contact 
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with the internal surface of the glass bell, on the superficial 
contents of which the quantity of electricity developed greatly 
depends, On a larger scale, as in a steam-engine, the air in 
which the cloud originates has the same function as the glass 
surface. In thunder storms the currents of air rushing towards 
the centre of the nascent cloud, produce the peculiar sudden 
condensation and separation of water-gas similar to the pencil 
of steam issuing with the fluttering noise already mentioned 
from the jet of the boiler. 

I must here particularly impress on the reader, that as the 
pencil of steam developes electricity only under certain cir- 
cumstances, that is when steam is mixed with minutely-divided 
water before its expansion, so the thunder-cloud must like- 
wise be in a similar state in respect to its water-gas and mi- 
nutely-divided water, quite different to the state of a rainy 
atmosphere, where the condensation of the watery vapour into 
the shape of clouds commences only in the highest and 
coldest regions, uniformly and gradually, and where during 
their descent at certain intervals, from the highest to the lowest 
regions, the atmosphere begins gradually and uniformly to 
discharge moisture until the hygrometer indicates the point 
of saturation at which the formation of drops commences. 

The electricity developed by evaporation, &c. could never 
manifest itself in a metallic boiler, and is under the most fa- 
vourable circumstances so feeble, that its existence was long 
denied by the most eminent philosophers, until Dr. Harris 
succeeded unequivocally in demonstrating its presence. This 
electricity is likewise much influenced by chemical actions 
ensuing at the same time, as M. Pouillet has distinctly proved, 
which was not the case in my experiments. 

With the positive electricity obtained from a jet of con- 
densed steam, negative electricity is at the same time deve- 
loped in the boiler and water, and as far as I was able to 
judge, of the same intensity. Negative electricity derived 
from a locomotive engine must necessarily be affected by the 
chemical process of combustion going on at the same time 
on a very extensive scale, as well as from various other causes, 
such as imperfect insulation, points, and sharp edges, and I 
was not able to detect in my small boiler any traces of nega- 
tive electricity, if at the same time positive electricity did not 
appear in the glass bell. 

H2 
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XIX. Onthe Phenomena of the Electricity of Steam, observed 
by Mr. Pattinson and Mr. Armstrong. By M. Pe.tier*, 

MY experimental and meteorological pursuits} having led 
me to study the circumstances which impart electricity 

to vapours, I am enabled to add some facts calculated to af- 
ford the explanation of the phznomenon of Cramlington. 
When a thick piece of platina slightly convexo-concave (am- 

bouti), is made red-hot, and water poured upon it, a part of 
the phenomena which take place is known; therefore I shall 
only mention them, although the true explanation of these 
movements has not, in my opinion, been yet given; I propose 
to revert to this subject at another time. 

If the bottom upon which the drop of water rests is flat or 
very little convexo-concave, it takes the figure of an ellipsis, 
as has been very correctly observed by M. Auguste Laurent 
(Annales de Chimie et de Physique, vol.1|xii. p. 327). This el- 
lipsis returning upon itself, there is formed from it another 
which is perpendicular to it: this one being depressed in 
its turn, the first one re-appears, and so afterwards. After 
some moments the elongation of the ellipses diminishes ; 
but then they are multiplied: others are formed from them 
at 45 degrees from the first, making four, marching two by 
two. The temperature diminishing, the sallies grow feeble ; 
a greater number occur, but they are small, no longer pos- 
sessing regular and successive movements. ‘These tumultuous 
movements resolve themselves into a gyratory movement which 
has its axis vertical, round which is seen a crenelated crown, 
the vestiges of the ellipsoidal elongations which are disappear- 
ing. A little later this movement diminishes in velocity, 
then it stops, and the drop seems to be in a state of repose, 
and vividly reflects the light. The form of the collective 
movements of these elongations is in part produced by ex- 
terior resistances themselves depending on the curvature of the 
crucible, and on the size of the drop projected. 

On examining the drop of water with a lens during its ro- 
tation, there are seen in the interior several kinds of move- 
ments. When the rotation stops, there is a moment of 
suspense in the resultant, which must arise from interior 
movements; another rotation is then produced, the axis 
of which is horizontal, and which leaves the superficies 

* Ann. de Chim. et de Phys., Nov. 1840, p.330, See the preceding 
articles. 

{|} M. Peltier has lately published an interesting meteorological treatise, 
“ Observations et Recherches sur la Formation des Trombes; Paris, 1840 ;” 
in which he ascribes to water-spouts an electrical origin, —Eb. | 
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perfectly even. This collective movement lasts but a short time ; 

several others established themselvesin the interior; wesee them 

jostle one another, press on each other in different directions, 

move in array again together once more, then again to divide 

themselves. At last the movement slackens: the drop, which 

until then had retained its globular form and had not moist- 

ened the platina, flattens, wets it, and evaporates all at once, 

without any electricity having been produced, if distilled 
water and a clean crucible have been used. 

If instead of pure water a weak solution of sea salt be used, 

the effect will be the same the first time; but the salt left by 

the water having formed a slight layer on the platina, is 

again taken up by the water used for the succeeding experi- 

ment: the strength of the solution thus increases, and when 

the drop is diminished two-thirds it is become almost opake ; a 

multitude of minute bodies are seen swimming in the inside, 

and soon after some decrepitations are heard, accompanied 

with saline projections. At this moment the needle of the 

electrometer indicates a negative tension. If the platina has 

become cool enough to admit of moistening, the decrepitation | 

ceases, the drop spreads, and it is immediately transformed 

into vapour ; the electricity which had just been developed 

during the decrepitation, instead of being doubled by this 

sudden change into vapour, disappears with the vapour, which 

carries it off with it. The saline layer being increased, the 

effect at the third experiment is greater ; the decrepitation 

is stronger, and the needle is projected to a distance. Thus, 

before and after the decrepitation there is no electricity pro- 

duced ; the instrument remains mute, whatever be the quantity 
of vapour produced. 

From the preceding observation, it was natural to suppose 

that the salt, being substituted for the salt water, would pro- 

duce the same effect ; this is what the experiment has verified. 

The chloride of sodium decrepitating without aqueous fusion, 

the water interposed plays the part of saturated solution, and 

sets in motion the needle of the electrometer. If it be a salt 

containing water of crystallization, as the nitrate of ammonia 

so easy of decomposition, there is at first the aqueous fusion, a 

great evaporation without producing electricity, then at last 

comes the decrepitation, and the needle is strongly projected 

by negative electricity. 
It is then at the moment of the separation of the combined 

molecules of water that electricity is produced ; it is at the 
moment that a chemical decomposition takes place, and not 

during the separation of the excess of water. ‘The appli- 
cation of these experiments to the phenomenon observed 
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at Cramlington, is sufficiently obvious: it appears by the ac- 
counts given, that it was necessary for the water to be satu- 
rated to such a degree as to have a deposit formed on the side 
of the boiler; that a high temperature is requisite as the ma- 
chine is a high-pressure one; that the electricity increases — 
with the deposit, and that it varies with the temperature. 

This phenomenon only appearing when there is a saline 
coat deposited, and its tension increasing with the thickness 
of the layer, it will serve to make known the degree of in- 
ternal incrustation and the sudden variations of temperature. 

XX. On a new Fat Acid in the Butter of Nutmegs. By 
Lyon Prayratir, Ph. D.* 

(THE butter of nutmegs has been the subject of several ex- 
aminations; for the best account of its properties, how- 

ever, we are indebted to Schrader. ‘This chemist has shown 
that it is a compound of three oils, two of them being solid, 
the other volatile and liquid. He has also examined the pro- 
portional quantities of these, and described the methods by 
which they might be separated from one another. 

Lecanut+ observed that this butter possessed different pro- 
perties from other vegetable fats, and approached more nearly 
in character to those of animals. He remarked likewise its 
partial solubility in ether, which had formerly been pointed 
out by Schrader as a distinguishing mark. 

Pelouze and Boudett described a method by which mar- 
garine could be procured in a state of purity, and mentioned 
that the same margarine existed in the butter of nutmegs ; 
but they have given no experiments in proof of this, nor did 
they state analyses of the products obtained. 

None of the chemists now mentioned have published the 
numerical results of theirexaminations. Hence it was uncer- 
tain whether the acid existing in the butter of nutmegs was 
really margaric acid, or some other acid resembling it in pro- 
perties. It was interesting to ascertain the exact composition 
of this margarine, and for this purpose the following examina- 
tion was undertaken. 

When the butter of nutmegs is digested with alcohol of 
the common strength, it is decomposed; the alcohol dissolves 
a coloured fat, acquires a wine-red colour; and yields by 

* Communicated by the Author; having been read before the British 
Association at the late meeting at Glasgow. 

+ Journal de Pharmacie, t. xx. p. 339. 
{ Annales de Chimie et de Physique, t. lxix. p. 47. 



in the Butter of Nutmegs. 103 

evaporation a red, soft, semi-fluid fat of an agreeable odour 
of the nutmeg. Part of the butter remains undissolved; a 
small portion of it does dissolve, but is again precipitated 
upon cooling. When the alcohol is very strong, the butter 
dissolves in four times its weight (Schrader). 

The fat, which remains undissolved, is very impure, and, 
even after several digestions, still retains the odour of the 
butter. It must therefore be subjected to strong pressure 
within folds of bibulous paper, first by treating it with al- 
cohol, and afterwards with ether, and renewing the pressure 
after each treatment. The solution in ether must be filtered 
whilst hot, in order to get rid of the impurities. When the 
fat has attained a constant melting point of 31° C., it may be 
considered pure. 

Care must be taken in the selection of the butter, for that 
sold in commerce under the name of “ butter of nutmegs,” 
sometimes consists of animal fat boiled with powdered nut- 
meg, and coloured with sassafras. ‘The specimen may be re- 
lied on as pretty pure, if it dissolves in four times its weight 
of strong boiling alcohol, or half that quantity of zther. 

The fat obtained as described above is oxide of glyceril in 
combination with a fat acid, which, as far as I am aware, has 
never hitherto been described. It has a beautiful white silky 
appearance. From this property (which is shared also by 
the acid derived from it) I propose to call it Sericine (from 
the Latin word serica), as | am desirous at present to give it 
no name exclusively applying to its origin; for researches 
now in progress of being made by another, appear to show 
that it is not confined to this butter, but also exists in others. 

Sericic Acid.—The acid to which this name is applied, 
may be obtained by the saponification of sericine. The soap 
must be washed with cold water, in order to free it from the 
alkali employed in its saponification. It is now to be dissolved 
in boiling water, and muriatic acid added until the liquid 
possesses an acid reaction. ‘The sericic acid now separates 
as a colourless oil, which solidifies to a crystalline fat on 
cooling. It must be washed with water, in order to free it 
from muriatic acid, and then repeatedly melted in fresh por- 
tions of pure distilled water. 

Thus obtained, it possesses a snow-white colour and cry- 
stalline appearance. It is very soluble in hot alcohol, from 
which it is partly deposited in small crystals on cooling; the 
remainder may be obtained by further evaporation. In hot 
ther it dissolves in considerable quantity, but separates al- 
most entirely on cooling. When allowed to crystallize slowly 
from alcohol by spontaneous evaporation, it is semi-transpa- 
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rent and highly crystalline. Its melting point is between 
482° and 49° C. 

The atomic weight of the anhydrous acid obtained by the 
analysis of the salt of silver, is 2733°27; the mean of two 
analyses of the salt of barytes gave the atomic weight 2732°54. 
The formula of the anhydrous acid deduced from the analyses 
of its salts is C,, H,, Os. 

The formula for cenanthic acid is C,, H,; O,; sericie acid 
may, therefore, be considered to have the same composition 
as cenanthic acid, in which one equivalent of oxygen is re- 
placed by one of hydrogen. 

2 atoms of cenanthic acid = C,, Hag O, 
1 atom of sericic acid =(Cy3 HQ; 

It may be compared, in this respect, to benzoic acid and the 
hydruret of benzule. 

The anhydrous acid has not been procured in an isolated 
state; the acid procured by the decomposition of sericate of 
potash by muriatic acid, is the hydrate, and contains one 
atom of water. ‘The following are the results of the analyses 
of this hydrate. : 

1. 0°351 gramme of substance, burned with oxide of 
copper, gave 0°389 gramme water, and 0°941 gramme car- 
bonic acid. 

11. 0°309 gramme of substance gave 0°342 water, and 0°829 
carbonic acid. 

111. 0°412 gramme of substance, burned with chromate of 
lead, gave 1:101 carbonic acid, and 0:454 water. 

Iv. 0°250 gramme of substance gave 0-670 carbonic acid, 
and 0°276 water. 

v. 0'°278 gramme of substance gave 0°744 carbonic acid, 
and 0°309 water. 

I. Il. II. IV. wn 
Carbon ... 74°12 74°06 73°89 74°10 74:00 

Hydrogen 12°31 1229 12°24 12:26 12°02 
Oxygen... 13°57 1365 13:7 1364 18°98 

These numbers approach closely to the formula Co, H4, O,- 
Atoms. In 100 parts. 

28 Carbon...... 2140°18 74°06 
28 Hydrogen...  $49°42 12:09 
4 Oxygen......  400°00 13°85 

2889°60 100°'00 

* The analyses Nos. 1. 11. 1v. were made upon sericic acid repeatedly 
crystallized from alcohol ; 1v. was kindly executed by Mr. Miller, assistant 
to Professor Daniell; 111. v. were made upon the acid obtained by decom- 
posing sericate of soda with muriatic acid, with precautions formerly de- 
scribed. 
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The formula for the anhydrous acid is C,, H,, O3; hence 
the formula for the hydrate is C,, H,, O;+ HO. 

There are several points besides its composition, which di- 
stinguish this hydrate from that of margaric acid, for which 
it has hitherto been mistaken. Its melting point is very dif- 
ferent from that of margaric acid, and it is soluble in almost 
every proportion in hot alcohol. ‘The soaps which it forms 
with potash or soda dissolve with greater facility than the cor- 
responding soaps of margaric acid; they are also more cry- 
stalline in their appearance. Sericic acid does not appear 
capable of forming two classes of salts with the alkalies, that 
is, its salts are always neutral, and the soaps may be treated 
with water without passing into supersalts; a character pos- 
sessed neither by stearic nor margaric acid. 

The solution of sericie acid in alcohol strongly reddens 
litmus paper. When it is boiled with nitric acid diluted with 
half its weight of water, a violent action ensues, and peroxide 
of nitrogen is evolved in considerable quantity. The products 
of the decomposition appear to be soluble in water, for the 
acid remaining after the action had ceased was found un- 
changed; at least the salts of barytes and silver made from 
it possessed a composition precisely similar to that of the 
original acid; the melting point also remained the same. The 
subject was not more nearly examined. 

Sericine—The process for obtaining this substance has 
been described at the commencement of the paper; it is the 
solid part of the butter of nutmegs, and has been described 
by MM. Pelouze and Boudet as margarine (margarate of the 
oxide of glyceril). 

Sericine is a very beautiful fat (when crystallized from 
zther), having a snow-white colour, and silky lustre. It 
is soluble, in all proportions, in hot ether; but the greater 
part crystallizes on cooling: in water it is quite insoluble. It 
is not easily saponified by caustic alkaline ley of the common 
strength, a property which distinguishes it from margarine ; 
but it is easily converted into a beautiful white soap, by melt- 
ing it with hydrate of potash and avery small quantity of 
water, 

For the purpose of determining with what base sericic acid 
is combined in sericine, the following process was adopted. 
A quantity of sericine was boiled for several days with basic 
acetate of lead. An insoluble salt of lead was thus formed 
with the acid: the base must, therefore, have been separated. 
A stream of hydrosulphuric acid was now passed through the 
liquid filtered from the salt, until all the lead was precipitated. 
Hence the liquid could now only contain the base with which 
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the acid had been combined, together with acetic and hydro- 

sulphuric acids. During the evaporation of the liquid, the 

two latter were expelled, and a thick straw-coloured liquor of 

a syrupy consistence and sweet taste remained, which pos- 

sessed all the common characters of the oxide of glyceril. 
The following are the results of the analyses of sericine. 
1. 0'3045 gramme of substance yielded 0°344 gramme of 

water, and 0°832 gramme carbonic acid. 

11. 0°406 gramme of substance yielded 0-452 gramme of 

water, and 1:104 gramme of carbonic acid. 

111. 0°310 gramme of substance yielded 0°341 gramme of 
water, and 0°847 gramme of carbonic acid. 

I. iT. Ill. 

Carbon:ssesee 2°05 75°19 75°55 
Hydrogen ... 12°18 12°36 12°22 
Oxygen canes ANE, 12°45 12°23 

100°00 100°00 100°00 

Lecanu has endeavoured to show that stearin (the stear- 
ate of the oxide of glyceril) is composed of two atoms of 
stearic acid, and one atom of a peculiar oxide of glyceril repre- 
sented by the formula C, Hg O,. But Pelouze has proved that 
the common oxide of glyceril should be represented by the 
formula C, H, O;. Meyer, in his researches upon elaidic 
acid, has also shown that Lecanu’s formula for glyceril is cor- 
rect in some combinations of the fat acids; although it may 
reasonably be questioned whether it possesses this composi- 
tion in stearin; for Liebig has shown it to possess the formula 
2St + GyO+2HO. Liebig does not deny that other 

oxides of glyceril may exist besides that expressed by the 
formula C,H, O,;; on the contrary, he suggests that there 
may be several, which may unite with one, two, or three atoms 
of anhydrous acid, just as there are acids which unite with 
one, two, or three atoms of a base. But very little is known 
regarding the nature of glyceril. 

Sericine may be an example of such a combination, con- 
taining an oxide of glyceril, C; H; Oz, capable of uniting with 
four atoms of an anhydrous fat acid. These different gly- 
cerins would be formed. by the removal of one or two atoms 
of water from the common oxide of glyceril. The hydrogen 
shown by the analysis is a little too high to countenance this 
idea; but this may be partly accounted for by the ether with 
which it is prepared, and which adheres to it with much obs- 
tinacy. The formula would be 4 (C.; H,, O;) + (Cg H; Os). 
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Atoms. _ By calculation. 
Carbon s....» 118 9019°33 75°65 

Hydrogen ... 226 1285°37 11°82 
Oxygen «s+. 15 1500:00 12°53 

11804°70 100°00 

Sericate of the Oxide of Ethyle-—This compound may be 
formed by sending a stream of muriatic acid gas through a 
concentrated alcoholic solution of sericic acid. The solution 
must be kept boiling, in order to ensure the complete decom- 
position of the chloride of ethyle by the fat acid. After some 
time, sericic ether collects upon the surface of the alcohol 
as a colourless oil, which may be purified by simple agitation 
with distilled water. The agitation with water must be con- 
tinued until no further smell of muriatic ather can be per- 
ceived. It may be rendered still purer, by digesting it with a 
solution of carbonate of soda, in order to remove any excess 
of sericic acid; but in this case a considerable portion of the 
zether is lost. If the stream of muriatic acid be continued 
sufficiently long, such a precaution is unnecessary. The ether 
cannot. be purified by distillation, as part of it, in this case, 
appears to be decomposed. 

When sericic zxther is obtained in the manner now de- 
scribed, it is an oily transparent fluid at common tempera- 
tures, destitute both of colour and smell; but when the 
muriatic ether has not been carefully removed, it possesses 
a pale straw-yellow colour, ‘and a faint odour. It is lighter 
than water, having a specific gravity of 0°8641. It may be 
obtained in beautiful white crystals, by surrounding the liquid 
with a freezing mixture. 

Sericic ether is insoluble in water, but soluble both in al- 
cohol and ether: when boiled for a considerable time with 
an alcoholic solution of caustic potash, it is decomposed. The 
following are the results of its analysis, which was performed 
in the same way as that of other liquid bodies of small vola- 
tility. 
1. 0-243 gramme of substance, burned with oxide of cop- 

per, yielded 0°653 gramme carbonic acid, and 0275 gramme 
water. 

i. 0°199 gramme of substance, burned with oxide of cop- 
per, yielded 0°535 gramme carbonic acid, and 0:221 gramme 
water. < Il. Atoms. By calculation. 

Carbon ... 74°30 74°34 60 = 458°61 74°75 

Hydrogen 12°48 12°34 60 = 748°77 12°20 
Oxygen... 13°22 13°32 8 = 800'00 13°05 

100°00 = 100°00 6134°87 100°00 
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Prof. Redtenbacher has shown* that stearic ether is a com- 
pound of stearate of the oxide of ethyle with the hydrate of 
stearic acid, and represented by the formula 2 St Ae O 

+.3HO. As stearic acid is a bibasic acid, four atoms of 
base are combined with two of acid. Sericic sether is a body 
of an analogous composition, and forms a true double salt— 
sericate of oxide of ethyle and sericate of water. Its formula 
therefore, is (Se+ Ae O)+(Se+H 0). 

Two atoms of sericic acid ... 
One atom of oxide of ethyle 
One atom of water ... ose vee 

Cs6 5 545 O;- 

Cy Oe 
| Waa att Ws 
—_—— 

Sericate of the oxide of ethyle = Cg, Hg, Og - 

The formation of sericic ether may be easily explained ; 
the muriatic zther, formed by passing muriatic acid gas 
through a solution of sericic acid in alcohol, is decomposed 
by the fat acid; sericic ether is thus produced, and attaches 
itself to an equivalent of the undecomposed hydrate. 

Sericate of Barytes.—This salt may be prepared from seri- 
cate of potash, by adding an alcoholic solution of the latter 
toa pure salt of barytes. A bulky white precipitate is thus 
obtained, which must be thrown on a filter, and well washed. 
It is slightly soluble both in water and in alcohol; in the 
former it possesses nearly the same degree of solubility as 
gypsum. 

1. 0°797 gramme of the salt left, afterignition, 0°266 gramme 
carbonate of barytes; and 0°858 gramme, burned with chro- 
mate of lead, yielded 0°691 gramme water, and 1°702 gramme 
carbonic acid. 

11. 0'481 gramme of the salt left, after ignition, 0°161 gramme 
carbonate of barytes ; and 0°319 gramme, burned with oxide 
of copper, yielded 0°257 gramme water, and 0°634 gramme 
carbonic acid. 

TA Il. Atoms. By calculation. 

Carbon... 56'91 57°09 28 2140°18 57°32 
Hydrogen 8°94 8:95 Q7 336'94 9:02 

Oxygen... 8°26 8:09 3 300:00 8°04 
Barytes... 25°89 25:97 1 956°88 25°62 

100°00 100°00 373400 100°00 

The absolute quantity of carbon obtained in the analysis 
was under that stated: in the first 54°85 is the quantity shown 
by the analysis, but 2°06 per cent. must be added for the car- 
bonic acid retained by 25°89 of barytes, as carbonate of ba- 

* Annalen der Chemie und Pharmacie, xxxy. 1. 
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rytes. In the second also 54°95 is expressed by the analysis, 

but 2°14 being added for the carbon retained by 25°97 barytes, 

gives the number stated above. 

The mean of the two analyses makes the quantity of barytes 

contained in the salt 25°93 per cent.: the quantity found by 

calculation is 25°62. 
Sericate of Silver.—This salt may be prepared by double 

decomposition in the same manner as sericate of barytes. 

When it is newly precipitated, it is a bulky white powder, 

which speedily acquires a lilac colour by exposure to light. 

To avoid this it must be washed in the dark. It is insoluble 

in water, but very soluble in a solution of caustic ammonia, 

from which it may be obtained, by spontaneous evaporation, 

in large transparent colourless crystals. It melts upon the 

application of heat, but at the same time undergoes decom- 

position. 
1. 0°36] gramme of substance, burned with oxide of cop- 

per, gave 0°267 water, and 0°646 carbonic acid. 

ui. 0°340 gramme of substance, burned with oxide of cop- 

per, gave 0°610 carbonic acid, and 0°243 water. 

ul. 0°553 gramme of substance, burned with oxide of cop- 

per, gave 0°992 carbonic acid, and 04015 water. 

0°704 gramme of salt left, after ignition, 0:277 metallic 

silver. 
iE Il. Ill. 

Carbon eeesseees 49°48 49°61 4.9'60 

Hydrogen...... 8°03 7°94 8:06 

Oxygeneeseeee 7°82 7°78 7°67 

Oxide of silver 34°67 34°67 34°67 

100°00 100°00 100°00 

If we suppose the salt to be composed like that of barytes 

of one atom of sericic acid and one atom of oxide of silver, 

then the numbers given below should represent the analysis. 
By calculation. 

98 Carbon .eeveceeee 2140718 50°61 

27 Hydrogen...... 336°94 7°94 

3 Oxygen «see. 300°00 7:13 

1 Oxide of silver 1451°61 34°32 

4.228°73 100'00 

The difference between the carbon found by analysis and 

calculation is very considerable, but the close correspondence 

between the hydrogen and the oxide of silver leave little doubt 

that the formula is the same as that of the salt of barytes. At the 

same time it is proper to mention that the close correspond- 
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ence between the analyses themselves, which were executed 
on salts prepared at different times, and with scrupulous at- 
tention to their purity, lead us to question whether some 
other formula should not be adopted for it. Salts of silver 
are generally anhydrous, but this does not always appear 
to be the case; for Crasso has lately described* a salt of 
silver which contains water. Sericate of silver may be an 
example of a similar compound, corresponding to Johnston’s 
sulphate of lime, in which two atoms of sait are united with 
one atom of water. This is merely brought forward as a 
conjecture, want of material having prevented my making 
any further experiments on this subject. The calculated re- 
sult, however, agrees pretty closely with the analysis. 

By calculation. 
56 Carbon .....000e 4280°36 49°94 

55 Hydrogen...... 686°37 8:00 
7 Oxygen... 700°00 8°19 
2 Oxide of silver 2903°22 33°87 

8569'95 100°00 

Hence the formula would be 2 Se Ag O+ HO. 

Sericate of Putash.—This compound may be prepared by 
melting pure carbonate of potash and sericic acid with a 
small quantity of water. The mixture must then be gently 
heated, in order to effect the complete saponification of the 
acid, and afterwards evaporated to dryness on the water-bath. 
The residue is now to be digested with absolute alcohol, 
which dissolves the sericate of potash, but leaves the carbo- 
nate of potash undissolved. 

Sericate of potash is very soluble both in hot and cold al- 
cohol and water. When it is dissolved in a hot solution of 
alcohol, it is partly deposited on cooling in the form of beauti- 
ful white crystalline scales. It is insoluble in ether. 
We possess no data for determining how we should estimate 

the carbonic acid in the analysis of a salt of potash formed 
by an organic acid. Liebig states, in his treatise on Organic 
Analysis, that the potash remains after the combustion as a 
carbonate ; and consequently that an atom of carbon should 
be added to the result of our analysis. But experiments made 
on this subject by Prof. Redtenbacher, Dr. Varrentrapp and 
myself, show that this cannot be relied on, when the salt is 
burned with oxide of copper. Dr. Varrentrapp mixed the 
carbonates of potash and soda with oxide of copper, and ex- 
posed them to the action of heat in a common tube of com- 

* Liebig’s Annalen, Band xxxiv. 1. 79. 
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bustion. As the result of his experiments, he ascertained 
that a quantity of carbonic acid always passed into the appa- 
ratus, containing potash. This gain was generally about one- 
third of the potash employed, two-thirds still remaining in 
combination with the alkali. By subtracting this from the 
weight of the carbonic acid obtained in the experiment, and 
calculating the potash as a neutral carbonate, we cannot be 
far from the truth. This has been done by Redtenbacher * in 
his ‘researches upon stearic acid, and is the only one at pre- 
sent which can be adopted. 

1. 0°354 gramme of substance gave 0°324 water, and 
0°797 carbonic acid. 

11. 0°324 gramme of substance gave 0°296 water, and 
0°727 carbonic acid. 

0:404 gramme gave 0'130 sulphate of potash. 
The first is equal to 62°25 per cent., the second 62°04 per 

cent. carbonic acid; but on the supposition that the potash 
remains after the combustion, as a carbonate, then 2°25 per 
cent. of carbon must have remained with it. Only two-thirds 
of this, however, should be added to the carbon actually pro- 
cured in the analysis; hence the result is as follows : 

I te Atoms. 

Carbon... 63°75 63°54 28 2140°18 ... 63°56 
Hydrogen 10°16 10°15 Q7 336°94 ... 10°00 
Oxygen... 8°70 8°92 3 300°00 ... 8°92 
Potash ... 17°39 17°39 1 589°91 ... 17°52 

100°00 100°00 3367°03 100:00 

The formula of the salt is Se+KO. Before sericate of 

potash is subjected to analysis, it must be repeatedly dissolved 
in water and evaporated to dryness, for the alcohol employed 
in its preparation adheres to it with so much tenacity that it 
cannot be expelled, unless this process is adopted. 

Sericate of Soda.—This salt may be prepared in the same 
manner as the last. It is soluble in water and alcohol, but 
insoluble in zther. For the reasons already stated under 
*sericate of potash,” the salt of soda was not analysed, as 
its analysis could lead to no satisfactory results. 

Sericate of Lead,—This salt was obtained by digesting seri- 
cine for several days with basic acetate of lead (Ac+6 PbO). 

It is a dense white powder, insoluble in water, and insoluble 
or very slightly soluble in alcohol. After digesting for a 
considerable time, the salt must be thrown on a filter, and 
washed very carefully with water. The lead was estimated 

* Annalen der Chemie und Pharmacie, xxxy. 1. 
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by igniting the salt, ascertaining the weight of the lead, and 
oxide of lead, which remained; washing the mixture with 
weak acetic acid by decantation, and calculating the loss as 
oxide of lead. 

It has been shown* that both benzoate and margarate of 
lead contain acetic acid in chemical combination, and not as 
a mere accidental constituent arising from imperfect washing. 
Hence it was necessary to ascertain whether or not sericate 

of lead contained this acid. For this purpose a few grains of 
the salt were moistened with alcohol and sulphuric acid, and 
subjected to distillation. Acetic ether passed over and was 
easily recognized by its well-known properties. The quantity 
of acetic acid contained in the salt, appeared to be very 
small. 

0985 gramme of salt left, after ignition, 0°421 gramme of 
lead and oxide of lead; of this 0°55 gramme was oxide of 
lead, and 0°366 gramme metallic lead: both together are 
equal to 45°58 per cent. of oxide of lead. 

0°456 gramme, burned with oxide of copper, gave 0°684 
gramme carbonic acid, and 0°273 gramme water. 

Atoms. By calculation. 

Carbon .... 41°48 116 8866°46 41°21 
Hydrogen... 6°65 111 1385°22 6°48 
Oxygen'.’...° 6°29 15 1500°00 6°94 
Oxide of lead 45°58 7 9761°50 45°58 

100°00 21513'18 100°00 

We have already seen that sericine contained four atoms 
of sericic acid, and one atom of oxide of glyceril. In the 
sericate of lead made from sericine, the oxide of glyceril ap- 
pears to be displaced by one atom of basic acetate of lead 
(Ac+3 PbO). 

4 atoms of neutral sericate of lead = C,,,+ Hog + O,.+ PbO, 
1 atom of basic acetate of lead =C ,+H 3+O3+PbO; 

1 atom of sericate of lead = Cyg+ H,,,;+0,;+ PbO, 

The formula would therefore be 4 (C,, H.,;O;+ Pb O) 
+ (C,H; O,+ Pb O,). 

Another salt of sericic acid and oxide of lead may be ob- 
tained by adding acetate of lead to a solution of sericate of 

potash. But from the great disposition of oxide of lead to 
form basic salts, a mixture of salts appears, in this case, to be 

* Annalen der Chemie und Pharmacie, xxxy. 1. 
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formed; at least the results of the analysis of a salt thus ob- 
tained showed no definite composition*. 

Before concluding this paper it may be interesting to men- 
tion a few facts connected with the butter of nutmegs. It has 
been already stated, that when this butter is digested with 
alcohol of the common strength, a soft fat of a red colour is 
dissolved: when this fat is distilled with a large quantity 
of water, a colourless oil passes over. This has an agreeable 
pungent odour, and is probably the same as that described by 
John and others. 

But if this red fat be subjected to dry distillation, several 
interesting compounds are formed, which, however, have 
not been examined more closely. The same oil passes over 
as that obtained by distillation with water, but as the heat in- 
creases it is accompanied by a white crystalline fat, which 
after being purified presents the characters of paraffin. A 
black matter like humus remains in the retort, and may be 
easily saponified by continued digestion with caustic potash ; 
when the soap thus formed is dissolved in water, and de- 
composed by muriatic acid, a mixture of fat acids is sepa- 
rated. By dissolving this in weak alcohol, and allowing it to 
evaporate, a black fat exactly similar in appearance to humus 
is deposited. Upon further evaporation a white fat is likewise 
separated, which may be purified by repeated solutions in 
alcohol, and digestion with animal charcoal. The black fat 
is soluble in alcohol and zether; with the latter it forms a 
solution of a syrupy consistence. ‘This solubility in ather 
shows that it is not humic acid. The colour of the acid does 
not appear to be merely accidental; but the examination of 
these substances was not proceeded with, for being products of 
decomposition and not at all crystalline, there were no means 
of ascertaining when they were sufficiently pure for analysis, 

St. Andrews, Oct. 28, 1840. 

XXI. Abstract of recent Researches on the Constitution of the 
Jatty Substances, made by MM. Reprenzacuer, -Var- 
RENTRAPP, Mayer and BromeEist+. 

Prom the original analyses of Chevreul, the composition 
of hydrated stearic acid appeared to be 

Carbon ..... 77°42 
Hydrogen ... 12°43 +100. 
Oxygen. .... 10°15 

* Sericate of copper may be obtained by double decomposition; it is of 
a green colour, insoluble in water, and contains water in chemical combina- 
tion; the sericates of zinc, lime, cobalt, &c. may be procured in a similar 
manner, but their examination was quite unnecessary. 

+ From the Annalen der Pharmacie, July, August, and September, 1840, 

I Phil, Mag. 8. 3, Vol. 18. No. 115, Feb, 1841. 
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From which results the formula C,, Hg, O, which was 
adopted by Berzelius and most other chemists; and the 
acid being bibasic, the formula for the anhydrous acid was 
C,, He; O;. As, however, in organic analyses the hydrogen is 
valued a little too high, Liebig proposed lately the formula 
Cz. H¢g O;. In order to decide upon the constitution of these 
bodies, M. Redtenbacher commenced a complete investigation 
of them at Liebig’s request. 

The result was that the stearic acid was found, by a careful 
series of analyses executed on it in its hydrated condition, and 
on a great variety of its salts, to be represented in its anhy- 
drous condition by the formula C,, Hg; O;, and when hydrated 
by Cy, Hgg O; +2 Aq; the latter is composed of 

Carbon "4.4.4.0: 77°04 
Hydrogen . .. . 12°58 +100°0 
Oxygen .'.... 10°38 

with which the numerous experimental results perfectly 
agreed. 
Among other collateral evidence was the analysis of stearic 

ether, which was found to consist of C,, H,.O,, being pro- 
duced by 

1 atom of Stearic acid Cog Hyg O; 
1 atom of Atther .. C, H; O +C,, H,,. O,. 
1 atom of Water HenQ 

The substance described by Lassaigne as stearic sether, 
could not be formed. 
When stearic acid is distilled, there is generated a large 

quantity of margaric acid and other products, with which 
Chevreul did not occupy himself (margarone, &c.), and the 
first full explanation of the process is due to M. Redten- 
bacher. 

The formula of hydrated margaric acid hitherto generally 
received was C,. H,,O;, which was such that this acid might 
be looked upon as a compound of 

1 atom of Stearic acid C,, Hg, O 
1 atom of Oleic acid C, He tr ar Oris, 

2 atoms of Water . 9 (QO; 

Berzelius suggested also that a carbo-hydrogen, C,, H,, , 
may be supposed to be the common radical of the stearic 
and the margaric acid, which would then differ only in having 
different degrees of oxidation. The composition of the mar- 
garic acid has, however, been determined afresh by Varren- 
trapp, with the following results. 

Margaric acid, whether prepared directly from human fat or 
by the destructive distillation of tallow, lard, oleic acid or 
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olive oil, is identical in constitution, being when hydrated ex- 
pressed by C3, H,, O, or when anhydrous, by C,, H,3 Os. 

The margaric ether consists of an atom of margaric acid 
and one of zther, C;, H,,O,+C, H, O. 

Varrentrapp analysed the margarone which is produced 
when margaric acid is distilled with lime. Its formula is 
C,, H;; O, or it is formed by the loss of the elements of one 
atom of carbonic acid. 

From these results, however, it follows equally, as from the 
older, that the carbon and hydrogen is the same in the stearic 
and the margaric acids, which differ only in the proportion of 
oxygen, 

1 equivalent of Stearic acid = C., Hy O; 
2 equivalents of Margaric acid = C,. Hg, O, 

and hence Berzelius’s idea is still quite true, that if we ex- 
press C,, H,, by R, then 
Margaric acid = R +0O,, like sulphuric acid S+ O, 
Stearic acid = R,+0O,, like hyposulphuric acid S,+ O,. 
But it still remains to be shown how destructive distillation, 

which is in general not an oxidating process, changes both the 
stearic and oleic acids into margaric acid. This has been 
explained by Redtenbacher. Besides margaric acid there 
are produced a small quantity of water and of carbonic acid, 
and margarone and a liquid polymeric with olefiant gas in 
large proportion, so that the process consists in four equiva- 
lents of stearic acid producing 

6 equiv. of hydrated margaric acid = Cy, Ho, On, 
1 —— water ..... imeugi se H O 
SED Ts FABTE RT ONE siieeieise 9) ipsa ey WragiiklgenO 
D. — carbonic acid ....:... C O, 
Polymeric carburetted hydrogen Cy, He, 

Ces Hes 0, X 4 = Caz Ho72 Ong 
The action of nitric acid on stearic acid has been accurately 

studied by Bromeis, and has produced extremely interesting 
results. In the first instance an equivalent of anhydrous 
stearic acid is converted into two equivalents of anhydrous 
margaric acid, by the absorption of an equivalent of oxygen, 
Cy, Hes O;, and O producing twice C,, Hy, O,. 
When the action of the nitric acid is continued, suberic 

acid is. produced in large quantity, the formula of it being 
C, H, O,+ Aq. 
The mother liquors from which the suberic acid had se= 

parated contains a large quantity of succinic acid, the formula 
of which is, in the crystallized form, C,H, O,. 

12 
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The oleic acid, when treated with nitric acid, produces also 
margaric and suberic acid. The mother liquor from which 
these have separated contain the pimelic and adipic acids dis- 
covered by Laurent. For the first, M. Bromeis verified 
Laurent’s formula, C, H; O,+ Aq, but for the second he ob- 
tained a different result, viz. C;, H, O,4+2 Aq. 

Laurent had supposed that cenanthic acid was produced 
in this process, but Bromeis could not obtain any satisfactory 
evidence of its formation, nor has he as yet been able to verify 
the history of the lipic and azoleic acids as given by that che- 
mist. 

The drying oleic acid from linseed oil gave with nitric acid 
neither pimelic acid nor adipic acid, but a large quantity of 
oxalic acid, of which the proper oleic acid yields none. 

{t has been long known that when olive oil is mixed with 
a solution of proto-nitrate of mercury it becomes solid, and 
this property, which was once made use of to determine 
the purity of olive oil, has been found to belong to almost 
all fatty bodies in a greater or less degree. Boudet proved 
that the action of the mercurial solution depended exclusively 
on the hyponitrous acid in the liquor, and that the same ef- 
fect was produced by hyponitrous or nitrous acid fumes alone. 
He also pointed out that the solid mass produced was a com- 
pound of glycerine with a peculiar acid, which he termed 
the elaidic, as he gave the name of elaidine to this artificial 
fat. 

The only numerical results obtained of the constitution 
of this acid were given by Laurent. From his analyses the 
formula for the crystallized elaidic acid should be C,, H,3; O, 
+ Aq, and for the elaidic esther the formula C,, H,, O, 
+C, H, O. 
From this constitution, however, no insight into its origin 

could be obtained, and Mayer undertook in Liebig’s labo- 
ratory the complete revision of its history. 

M. Mayer found the modes of preparation prescribed and 
followed by Boudet and by Laurent quite insufficient to ob- 
tain a product of absolute purity. He arrived ultimately at 
the result that it is only from the oleic acid that the elaidic 
acid is produced, and hence to form it he had recourse to 
absolutely pure oleic acid prepared by the method of Varren- 
trapp, which will be described by and by. It may also be pre- 

’ pared nearly, but not so absolutely pure, by passing a stream 
of nitrous acid vapour through oil of sweet almonds. Nitric 
oxide gas passes off, and the oil, when exposed to cold, gives 
a copious crop of crystals of elaidic acid. 

Elaidic acid is of a brilliant white colour, crystallizes in 
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large tables, and melts at 112° Fahrenheit. It is easily solu- 

ble in alcohol, from which it separates in crystals like benzoic 

acid. It is also soluble in ether. These solutions react acid. 

When elaidic acid is treated with a great excess of caustic 

potash it is completely decomposed, and a new acid formed 

identical with that which Varrentrapp had found oleic acid to 

give under the same circumstances: with carbonated alkalies 

it produces, however, soaps from which it separates on the 
additicn of a stronger acid unchanged. 

The elaidates of silver, lead, and barytes are voluminous 

white precipitates; that of silver may be obtained crystallized 

from an ammoniacal solution. ? 
Numerous analyses of crystallized elaidic acid gave for its 

composition as follows : 

72 atoms of Carbon... 5503°3 78°04 

68 Hydrogen 848°6 12°03 

7 —— Oxygen... 700°0 9°93 

7051°9 100°00 

The elaidate of silver consisted of 

72, atoms of Carbon......++. 5503°3 56°56 

66 Hydrogen...... 823°6 8°46 

5 — Oxygen ...... 500°0 5°14 

ot —— Oxide of silver 2903°2 29°84 

9730°1 100°00 

Its formula is therefore C,, Hy; O;+2Ag O; and the cry- 

stallized acid is expressed by C,, Hg,O;+2Aq, it being a 

bibasic acid. 
The composition of the elaidic ether agrees also with these 

results; it consists of 

76 atoms of Carbon...... = 5809°1 78°42 

(ie Hydrogen... §98°5 12°13 

7 —— Oxygen... 700:0 9°45 

7407°6 100°00 

Its formula is therefore C,, Hog O;+ C, H; O+ Aq. 

These results differ totally from those given by Laurent, 

who evidently worked upon an impure substance. 

Sebacic acid.—This acid is produced whenever any fatty 

substances, as the fat oils, lard, &c. are distilled. Its com~- 

position has been ascertained by Redtenbacher, who con- 

firmed fully the result long since given by Dumas, that the 
formula of the crystallized acid is Cj) Hy O;+ Aq. 
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Redtenbacher has, however, established the interesting fact, 
that in this distillation it is only the oleic acid which pro- 
duces, by its decomposition, the sebacic acid. Neither gly- 
cerine, nor the stearin, nor the margaric acids yield any trace 
of sebacic acid when distilled. Its origin must therefore de- 
pend upon the constitution of the oleic acid. 

Oleic acid.—This acid, one of the most important of the 
series of fatty bodies, is still but imperfectly known. Since 
its original discovery by Chevreul it has been examined only 
by Laurent; but he distilled the acid he employed, and 
as in this process it is almost totally decomposed, the re- 
sults at which he arrived were very incorrect. 

The chemical history of oleic acid has been re-examined by 
Varrentrapp. He has found the purest source of it to be oil 
of sweet almonds, which contains no stearic acid, and but a 
trace of margaric acid. The almond oil is to be saponified 
by means of a solution of caustic potash, and this decom- 
posed by dilute sulphuric acid. The impure oleic acid thus 
obtained is to be digested at 212° for many hours with oxide 
of lead, and then the mass produced macerated in the cold 
with zther. The oleate of lead dissolves readily in ether, 
but the margarate is insoluble therein, and by this means the 
former is obtained completely pure. The filtered liquor is to 
be then mixed with its own volume of water, and as much di- 
lute muriatic acid to be added as converts the oleate into 
chloride of lead. This deposits itself completely in the 
water below, and the oleic acid remains dissolved in the ether. 
When this is distilled off the oleic acid remains with the pro- 
perties described by Chevreul. 

In the same manner the oleic acid of tallow or lard may be 
obtained pure. 

A series of ten analyses, which agreed very well with one 
another, gave for the oleic acid the following composition : 

44 atoms of Carbon ...... 3363°1 i hrmcilts: 
40 Hydrogen ... 499°2 11°44 
5 —— Oxygen... .. 500°0 11°46 

4362°3 100°00 

The composition of oleate of barytes was found to be 

44 atoms of Carbon = 3363°1 64°59 
39 Hydrogen = 486°7 9°35 
4 —— Oxygen = 400°0 7°68 
1 -—— Barytes = 9569 18°38 

5206°7 100°00 
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Its formula is therefore C,, H3, O,+ Ba O, and that of the 
acid analysed is C,, Hj, O,+ Aq. 

The oleic xther was C,, Hs, O,+ C, H; O. 
When oleic acid is distilled, there is produced a small 

quantity of carbonic acid, sebacic acid, a large proportion of 
a liquid having the composition of olefiant gas, and some 
charcoal remains: thus 

1 atom of Sebacic acid C,, H, O , 
3 atoms of Carbonic acid C, O « | are formed 
4 Carhon’...200° Cy from 
Carburet of Hydrogen... C,, H,, 

2 atoms Oleic acid = iG ale Ore 
As no other fatty acid produces sebacic acid when distilled, 

its fgymation is a test of the presence of oleic acid. Hence 
we may know if wax or spermaceti, or stearic acid, have 
been adulterated with tallow by submitting a small quantity 
to distillation. 
When the oleic acid is warmed with an excess of caustic 

potash and a few drops of water, until it be completely sapo- 
nified, and then more potash being added, the temperature 
be raised to the melting point of the latter, the mass, which 
should be constantly stirred, does not become brown, but 
disengages a quantity of hydrogen gas. When the mass so 
produced is dissolved in water and decomposed by an acid, 
a white solid separates in large crystalline grains like stearine. 
Elaidic acid treated in the same way yields an identical pro- 
duct. 
When crystallized from its alcoholic solution this new 

acid fuses at 143° Fahrenheit; when analysed it gave the 
following result: 

32 atoms of Carbon... 2445°9 75°69 
31 —— MHydrogen 386-0 11°97 
4 —— Oxygen...  400°0 12°34 

3231°9 100°00 
The silver salt gave as follows: 

32 atoms of Carbon ...... 2445°9 53°54 
30 Hydrogen...  374°4 8'20 
3 —— Oxygen...... 300°0 6°50 
1 — Oxide of silver 1451°6 31°76 

4571°9 100°00 
The formule are, therefore, for 

the silver salt.... C,, Hs, O;,+Ag O 
the crystallized acid C,, Hy) O;+ Aq. 
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The liquor from which this new acid is precipitated con- 
tains abundance of acetic acid formed at the same time. The 
reaction may be easily explained as follows : 

1 atom of oleic acid Ci As5 oc H.O 
and 8 atoms of water... FA, Opera T 2e 
may produce 

1 atom of the new acid 
3 atoms of acetic acid 

and 8 atoms of hydrogen 
or from elaidic acid 

Hs, ot 

Hy, O, Cy Hy O93 
i 

1 atom of elaidic acid C,, Hg, O; 
7 atoms of water... He 0; 

C., HH; O1. 

may produce 
2 atoms of the new acid Cy, Hg. Og 
2 atoms of acetic acid C, Hg O; 

and 7 atoms of hydrogen .. H, 

C,2 H73 Oj. 
Some traces of carbonic and oxalic acids which appear are 

not here introduced. 
The production of elaidic acid from oleic acid cannot as 

yet be explained. There are also other products, particularly 
one, a red or orange-coloured liquid, the formation of which 
is the cause of the citrine tinge in ordinary elaidine. ‘This 
substance could not be got in a state fit for analysis. 

XXII. Mineralogical Notices from Foreign Journals*, . 

ANTIGORITE. BY MM. WISER AND SCHWEIZER. 

[From Poggendorff’s Annalen, vol. xlix. Part 4.] 

HE characters assigned by M. Wiser to this mineral are 
as follows :—not crystalline; hardness = 2°5 (scratches 

gypsum, is scratched by calespar); specific gravity 2°622, 
slightly lustrous; in thin plates semi-transparent; in ver 
thin leaves transparent: colour by reflected light blackish 
green; by transmitted light leek-green; it does not affect 
the magnetic needle. ‘Two analyses by M. Schweizer gave 

LIGA caeseseseseeecassecee AG°9R 46°18 

Protoxide of iron ...... 13°05 12°68 
ALBIN dessr cess cctsces nesAOS 1:89 
Magnesia secssseceuesee 34°39 35°19 
WH ater ae wepeeas sneer ot poe or ee — 

99°44, 99°64 

* Communicated by Mr, W. Francis, 
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Its constitution may be expressed by the formula 
Mo?) =: Shine 
Fe 5+ Mg H. 

which at the same time indicates its near relation to ser- 
pentine. 

PENNINE. BY PROF. J. FROBEL AND M. SCHWEIZER. 

[From Poggendorff’s Annalen, voi. 1. Part 3.] 

Under this name (derived from the Pennine Alps, in which 
district, near Zermatt, it occurs) Prof. J. Frébel has described 
a mineral bearing great resemblance to the chlorite from Ach- 
matowsk and the Zillerthal. Hexagonal, with very distinct 
basal structure. The well-developed crystals generally present 
at times the tabular, at times the columnar combination of the 
faces of a rhombohedron with the horizontal pair of faces, 
as shown in the annexed wood-cut. 

The values P on Ro = 99°, of 
Ro on Ru=118°. Hardness on 
the basal faces somewhat above 
that of gypsum, on the rhombo- 
hedral faces not quite equal to 
that of calcspar. Thin leaves 
flexible, but not elastic. By reflected light, black-green; 
by transmitted light, in the direction of the principal axis be- 
tween emerald-green and leek-green, at right angles to the 
principal axis brown to hyacinth-red. Lustre vitreous; when 
not too thick, perfectly transparent. The results of two analyses 
by M. Schweizer gave 

PliCA es icetccdscechcdbees cee 39°89 33°07 
Protoxide of iron ...... 11°30 11°36 
AR GAING 9 S0s.cceddedaiecy 9°32 9°69 
Magnesia ...secssseseoes 33°04 32:34 
WVOUEE see dtcarsatadex a DRDO 12°58 

98:98 99°04 

leading to the formula 

Mg? JP. SPR its 
j S’? + Al SP? + 7 Mg H, 

Fe® a ae 
which is constructed according to the same principle em- 
ployed by M. Varrentrapp for chlorite. 

CHLOROSPINELLE AND XANTHOPHYLLITE. BY PROD, G, ROSE. 

{From Poggendorff’s Annalen, vol. 1. Part 4.] 

Chlorospinelle occurs crystallized in octahedrons generally, 
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but of from one to two lines in size; colour grass-green ; 
transparent at the margins; lustre vitreous; of the hardness 
of topaz; specific gravity 3'°594. According to two analyses 
performed by Prof. H. Rose, it consists of 

Magnesia ......0seccsee 26°77 27°49 
NBAGAG Seo coskescéeccsvee Oa y = 
Peroxide of copper... 0°27 | 0°62 
MHI Ath seeckeeee cect O40 S 57°34 
Peroxide of iron ...... 8°70 14°77 

100°14 100:'22 

resembling, therefore, spinelle and zeylanite, and belonging 
with these, since it likewise coincides in its crystalline form, 
to the same genus. Locality, Slatoust. 

Xanthophyllite, so named from its wax-yellow colour and la- 
minar structure, constitutes anew genus. In thin leaves trans- 

parent; on the surface of fracture it has a strongly nacreo- 
vitreous lustre. Hardness that of felspar; specific gravity 
=3:044. Before the blow-pipe it proved to contain alumina, 
lime, soda, peroxide of iron and silica, but no fluoric acid, 
magnesia or potash. It occurs near Slatoust. 

PIKROPHYLL. BY A. F. SVANBERG. 

[From Poggendorff’s Annalen, vol. 1. Part 4.] 

This new mineral occurs near Sala. Structure foliated ; 
hardness between that of mica and calcspar ; specific gravity 
2°73; colour, very dark green. Analysis gave 

Oxygen. 

Silica...esee. eeeeeeeeseeesene 49°80 25°88 e 

"Alana ©. ..ca ee 111 o-sa f 20°40 
Lime eoeesresecescese eeeeeoes 0°78 0:22 

Magnesia ..sscecsseseeeeees 30°10 11°65 +13°43 
Protoxide of iron ......... 6°86 1°56 
Protoxide of manganese a trace 
Water eeeeseceseoeoeeseeaoe 9°83 

98°48 8°73 

whence the mineralogical formula 3 MS? + 2 Aq. 

XXIII. On Artificial Oil of Ants. By J. Strennouse, Esq.* 

| ti was first observed by Deebereiner, when preparing formic 
acid by the action of sulphuric acid and oxide of manga- 

nese on sugar, that the liquor which distilled over contained 
* Communicated by the Author. 
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a small quantity of oily matter which rendered it milky. To 
this he gave the somewhat fanciful name of * artificial oil of 
ants.” From the extremely small quantity in which it is pro- 
duced by this process, he did not succeed in collecting it, or 
in determining its properties. 

In repeating Professor Emmet’s process for formic acid, 
which consists in distilling grain of various kinds with sul- 
phuric acid, without any oxide of manganese, I observed that 
under certain circumstances the liquid in the receiver con- 
tained considerable quantities of this oil. After repeated trials 
I succeeded in pretty easily preparing it. It is a constant 
product, though in very different quantities, of the action of 
sulphuric acid on vegetable substances, and it may be con- 
veniently procured from grain of any kind, saw-dust, husks 
of corn, &c. 

The process which I found to succeed best is the following. 
Take equal weights of oatmeal or saw-dust and sulphuric 
acid, diluted with its ewn bulk of water, and introduce the 
mixture into a large copper still. As there is no oxide of 
manganese present there is no frothing up of the liquid, so 
that the still may be safely filled rather more than half-full; 
when the mixture has boiled some time and the meal is quite 
charred, pour back the liquid which has distilled, adding the 
same quantity of water as at first, and push the distillation 
nearly to dryness. The liquid which passes over into the 
receiver is slightly milky, owing to the presence of the oil, 
and at the same time strongly acid from the sulphurous and 
formic acid which it contains. It is to be neutralized with 
slaked lime, when it becomes of a deep yellow colour, and is 
again to be slowly distilled till about a fourth or fifth part of 
it has passed over. ‘This is to be mixed with a considerable 
quantity of fused chloride of calcium, and subjected to a se- 
cond distillation. The chloride of calcium retains a great 
part of the water, in which the oil is pretty soluble: if too 
much water still passes over after a second rectification, a 
new quantity of chloride of calcium must be added, and the 
distillation repeated a third time. ‘The oil comes over mixed 
with a little water, and sinks to the bottom of the receiver; 
about twelve pounds of meal yielded nearly one ounce of oil, 
so that it is by no means an abundant product. 

Properties.—The anhydrous oil is transparent when newly 
prepared, nearly colourless, having only a greenish-yellow 
tinge, but when kept some time it becomes of a brownish-red, 
from the formation of a resinous matter. Its taste and smell 
are very pungent and aromatic, resembling oil of Cassia. It 
stains paper, but not permanently. It catches fire very easily, 
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and burns with a strong yellow flame, emitting much smoke. 
It boils at 168° C. Its specific gravity is 1:1006 at 27° C. 
It is pretty soluble in water, and much more so in alcohol 
and ether. Potassium effervesces strongly when placed in 
it, but neither the alcoholic nor aqueous solution of potash 
has any effect upon it. Solid potash, with the assistance of 
heat, converts it into a brown resin. It dissolves iodine very 
easily, but without any violent action even when heated. In 
the cold muriatic acid gives it a fine red colour, and with the 
assistance of heat turns it into a dark brown resin. Nitric 
acid first reddens, then chars it. Sulphuric acid has a si- 
milar effect. 

The results of its analyses are as follows : 
1. 0°330 substance gave 0°747 carbonic acid, and 0130 

water. 
11. 0°324 gave 0°725 carbonic acid, and 0°1275 water. 
111. 0°3185 gave 0°7205 carbonic acid, and 0:128 water. 

Found. Calculated. 
——— 

I. II. 1 1 BY 

Carbon... 62°59 61°87 62°55 62°94 

Hydrogen 4°37 4°3'7 4°46 4°11 
Oxygen... 33°04 33°76 32°990 32°94 

100°00 100°00 100:00 99°99 

This gives the formula: 
Carbon 5 atoms ...... =382'175 
Hydrogen 4 atoms ...... = 24°959 
Oxygen 2 atoms ...... =200:000 

Atomic weight 607134 
It is evident that this oil has a very different composition 

from oils in general, as it contains oxygen and hydrogen only 
in the proportions to form water, while all other known oils 
contain a great excess of hydrogen. 

XXIV. Facts and Observations relating to the Science of Pho- 
netics. By R.G. Laruam, Fellow of King’s College, Cam- 
bridge.* 

Part I.—Upon the Aspirates (real and accredited) of K 
and G. 

(THE object of the present paper is to show that the real 
aspirates of K and G are not the sounds that are ge- 

nerally considered as such; in other words, that they are 

* Communicated by the Author. 
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not the powers of the German ch and Scotch gf, but that 
they are sounds perfectly distinct from either the one or the 
other of those articulations. 

The question in point, besides its value in etymology, has 
a value in acoustics; at least in that particular part of them, 
that deals with the affinities and analogies of articulate sounds. 

This part of acoustics may conveniently be called the pro- 
vince of phonetics. 

How far the articulate sounds are systematically related to 
each other; how far and in what cases they run into each 
other; how far the chain of relationship is lineal, and how 
far it is circular; how far vowels and consonants, mutes and 
liquids differ in kind from each other; these questions, and 
questions similar to these, constitute the province of phonetics. 

These investigations must be distinguished, on the one 
hand, from those of physiology, and on the other hand, from 
those of etymology. 

The science of phonetics determines how two given articu- 
lations are related; the science of physiology inquires how 
they are produced. 

Phonetics tell us that between two articulations an immu- 
table and essential relation exists; whilst etymology observes 
that under certain circumstances one articulation is changed 
into another. Very often etymology does more; it assumes 
the alliance from the change. 
Now it does not follow, in etymology, that because in a 

given language one sound changes to another, those two 
sounds are, therefore, naturally allied to each other; although 
such is often (far, however, from always) the case. 

Nor yet has it been proved in physiology that the sounds 
which to the ear sound alike, are produced by a like disposi- 
tion of the parts of the mouth or larynx; although that such 
a correspondence exists is highly probable. 

The truth is, that the special study of phonetics, instead of 
being promoted by the grammarian and anatomist, has been 
retarded by them. Etymological and physiological tests, ety- 
mological and physiological classifications, have been applied 
where acoustic principles alone ought to have been recognized. 
A necessary correspondence, moreover, between the three 
kinds of sciences, which in grammar may be proved non- 
existent, and in physiology has not been proved at all, has 
for the most part been gratuitously assumed ; and more than 
this, in those cases where the three tests have not coincided, 
the disposition has been to sacrifice the phonetic test to the 
other two. 
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The Phonetic test stands thus—Two sounds are allied, be- 
cause, to the ear, they sound alike. 

The physiological test thus—'T wo sounds are allied, because, 
in the mouth and larynx, they are formed alike. 

The etymological test thus—Two sounds are allied, be- 
cause, under certain circumstances, one is changed to the 
other. 

Expressed in Latin axioms, the etymological test is, 
Propter fortunas articulatio est id quod est; the physiological 
one, Propter formationem articulatio est id quod est; and, 
finally, the phonetic one is, Proper sonum articulatio est id 
quod est. 'The coincidence of the three is (in the present state 
of our knowledge) to be considered as an accident. 

Phonetic science considers sounds irrespective of the signs 
by which they are expressed, and irrespective of the names 
by which they are called. The sound of the 6 (in dat) is the 
same, whether it be expressed by the sign 6 or 6; it is also 
the same whether it be called dee or beta. A sound is not 
double because it is spelt with two letters, nor yet single be- 
cause it is expressed by one. The Zh in thin is a simple 
sound, irregularly expressed: the 2 in bow is a double one 
compendiously spelt. In questions of the kind in point, the 
eye has so often misled the ear that the above given truisms 
are scarcely to be considered superfluous. In points of acoustics 
the blindest guides are the best. 
To guard against the influence of names and signs it is 

convenient to express the relations of certain sounds, arith- 
metically ; and besides this, in the case of such simple single 
sounds as have no simple single sign (or letter) to denote 
them, to coin or borrow appropriate signs as the occasion 
requires. 

The subjoined scales of relationship being those that are 
generally recognized, it is unnecessary to go beyond the mere 
exhibition of them. 

The sound of 6 (in din) is in a certain relation to the 
sound of p (in pin). Now, 

vw efcssib is pis and 
d:t::v: f. and 
mpd: t:. and 
pickles Gelb yand 
Zoos trigtk . and 
Biar sa) ae. 

1The thin thine. * The thinthin. 3Thezinazure. 4 shin shin, 



relating to the Science of Phonetics. 127 

Again, the sound of / (as in fa) is in a certain relation to the 
sound of p (as in pa); or, expressed more loosely, f is in 
a certain relation to p. Now 

v ar ett 3p; and 
Beto. vic. anu 
Of doi pet Sand 
ce Ces Us « a 
eR reba Una ftp 

To these two classes of relation the names Hard and 
Soft, Lene and Aspirate may (for want of better) be allowed 
to stand; sothat the double relationship is expressed in 
the following table :— 

Lene. Aspirate. 
Hard. Soft. Hard. Soft. 
a -O Fito 
Biisl peu 
k.eg ahd cles 
Spee o g 

or 

Hard. Soft. 
Lene. Aspirate. Lene. Aspirate. 
Pp. : 0. 
Bp d 3. 
) cab sats g 2. 
Seas aed 

Here we have (so to say) four parallel lines of double re- 
lationship. ‘The sequence, however, although perfect as far 
as it goes, is incomplete. We miss the sounds that are 
to k and g, as fis to p and v to b, &c.&c. Were it not for this 
deficiency we should have amute-system of sixteen allied articu- 
lations, square and symmetrical, each articulation being to the 
other doubly related, z.e. hard or soft, lene or aspirate. As it 
has been said before, it is the object of the present paper to 
fill up the deficiency in question, and, subordinately to the 
main end, to show that the sounds that are considered to be 
the aspirates of k and g arenot soin reality. The sounds that 
in all the works (philological or physiological) with which 
I am acquainted, have been supposed to hold the relationship 
in point, are the German ch (as in auch) and the Gaelic gh 
(as in lough) respectively. Let-these two sounds be expressed 
by 4h and. gh respectively, and let the undetermined aspirates 
of i and g be expressed by K, and G, respectively. 

The affinities which invalidate the current opinion, are, 
first, the affinity which exists, and which is recognized, be- 
tween the mute sounds of b, and v and the semivowel sound 
of w; and secondly, the affinity (existing and recognized) be- 
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tween the semivowel sounds of y (as in ya) and the mute 
sound of g (as in ga). 

The sound of w (as in wa) is to the sound of v (as in va) 
in a certain degree of relation; and, through this, it is allied 
to 6 (as in ba), in a manner determinable by the relation of 
v and b: and, again, y (as in ya) is to g (as in ga) as w is to 
v. Hence it arises that the sound which shall be to g as v is 
to 0, shall be to g andy as vis to 6 and w. Expressed formally, 
the fact stands thus: 

G,: g and y::v: band w. 
In a short tract, published in 1835, I stated that-the sound 

in point must be on the ‘*y-side of g,” and that, although a 
ludicrous mode of speaking, expressed my meaning fully. 

The conditions then of G, are, that it must be in a certain 
relation to g and y; in which relation I am satisfied that gh 
is not. 

It may not be thought superfluous to remark, that the two 
last assertions, that is, the assumptions of the question in hand, 
are made irrespective of any previous reasoning. I consider 
that they rest upon the evidence of our sense of hearing. 
Expressed formally, the facts and inference are as follows : 

G,:g and y::v: 0 and w. which gh is not. 

a Se ee ee ee 

What gis, is another question. Unless the number of mutes 
is to be reduced to four, sounds like 0, p, f, v, &c. &c. must 
be considered not as varieties of a given typical sound, but as 
sounds specifically distinct: and, again, unless the number of 
mutes is to be indefinitely increased, sounds like the ¢ and 
d cerebral of the Hindoos (I speak in the way of illustra- 
tion) must be considered, not as sounds specifically distinct, 
but as varieties of a given typical sound. 
To come, then, under the necessary conditions, the sound of 

G, must be specifically different from that of G. Now Gh 
(as may be shown at another time) is no specific sound, but 
only a variety. 

The force of the words specific and variational depends 
upon their definitions. To say that p isa variety of ¢ is true or 
false, according to the definition of the term variety ; and the 
assertion is objectionable only on the score of inconvenience. 
To say, however, that p is a variety of s (as is often said by 
those who are strangers to the sound) involves something 
more than an inconvenient definition. It is an error in re- 
spect to the fact. 

Haying (to my own satisfaction at least) inferred that Gh 
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was not G,, I was left to consider what really was G,, and 
whether such a sound either actually existed or was capable 
of existing. 

I drew the distinction between the actual and the possible 
existence of a sound for the following reason. It is very evident 
that although an articulation may be capable of being both 
formed by the larynx and distinguished by - the ear, it may 
not exist in any spoken language; in other words, it does not 
follow that because a sound exists iv posse it exists in esse 
also. If the French were the universal language, the sound of 
the English ¢ would exist only in the capabilities of the ear 
and larynx; it would be a sound zn posse, or a latent sound, 

Now against G, being a possible sound, I knew of no rea- 
son except the accident of its not being found in any of the 
well-known languages; whilst in favour of its being one were 
the analogies of the other mutes. This latter fact having 
convinced me that the sound in point was within the compass 
of the vocal organs, I conceived it possible that (two facts being 
ascertained) it might be formed @ priori, that is, independent 
of imitation. These two facts were, first, the determination 
of the difference between an aspirate and its lene in respect 
to their sounds ; secondly, the determination of the same in 
respect to the disposition of the parts of the mouth and larynx, 
In the midst of my investigations an accident intervened, that 
solved all the difficulties. I found, in Rask’s Laplandic 
Grammar, the description of.a rare and peculiar sound. It 
was not Gi; nor yet was it either Gor Y. Jt was something 
between the two. ‘This threw a light upon the question; so 
that all that now remained for me to do, was to hear the 
sound. In the town where I was residing there was a 
Laplander from Norwegian Finmark, whom the Norse go- 
vernment were instructing in reading and writing. Having 
sent for this person, and having set before him the words that 
Rask had given as examples, I found that his pronuncia- 
tion of the sound in point coincided with the description of 
Rask, with my own previous notions as to its nature, and, 
consequently, with the conditions of G,; in other words, the 
Lappish z (so expressed in Rask’s Grammar) was Gy. 

Now, in the foregoing notices, nothing has been said con- 
cerning K and K,. Nothing has been said concerning them, 
because it is so evident that they follow the analogies of G 
and G,, that any mention of them would have been super- 
fluous. ‘The existence in posse of K, I consider to be all but 
demonstrated ; of its existence zn esse I am less certain. It is 
probable that in some of the Greek dialects / is pronounced 
as K,. 

Phil. Mag. 8.3. Vol. 18, No. 115. Feb, 1841, K 
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In certain dialects of the same language I imagine that 
y = G,. The letter g in the mouth of a native of Berlin, is 
pronounced (as I am told) intermediately to Gand Y.* If this 
be true, it is in all probability G,. It is probable that in cer- 
tain dialects, or in certain stages of the Anglo-Saxon, z has 
been sounded as G,. 

K, then being represented by x, and G, by y, we have, as 
an exhibition of the system formed by the sixteen mutes, the 
following table of double relations. 

Lene. Aspirate. 
Hard. Soft. Hard. Soft. 

DP ibe S deat ik a 
$s - teh, B.9, PAS 
Me RG x. YY. 
BN As gly Giga Gey . 

I consider that these relations are immutable and essential, 
independent of the physiological arrangement, in their forma- 
tion, of the parts of the mouth and larynx, and independent 
of their interchanges in the grammars of particular languages. 
I consider, moreover, that the number of specifically distinct 
mutes, independent of the fact of their being found in lan- 
guages, is neither more nor less than sixteen, and that, in the 
present state of our knowledge, there is no more convenient 
mode of distinguishing mutes from other articulations, than by 
saying that every mute is one of four sounds, each of which 
forms a part of a system of four, and each of which is to some 
other hard or soft, and lene or aspirate. 

XXV. Reply to Mr. Airy’s Remarks on Professor Challis’s 
Investigation of the Motion of a smail Sphere vibrating in a 
resisting Medium. By the Rev. J. Cuatuis, Plumian 
Professor of Astronomy in the University of Cambridge. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 

ALLOw me, through the medium of your Journal, to ex- 
press my thanks to Mr. Airy for calling my attention, by 

his letter in your Supplementary Number, to a step in my 
solution of the problem of the resistance to a sphere vibra- 
ting in an elastic medium, which I had left unexplained. 
I have certainly considered it possible that the velocity of the 
fluid at a given distance from the centre to or from which it 
is directed may, at a given instant, be different in different di- 
rections from the centre, provided there be no abrupt variation. 

[* The letter g, at least when final, is precisely so pronounced by the 
Swedes,-En1r.] 
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For in the case of motion under consideration, if v, be the 
velocity impressed on the fluid by the vibrating sphere at the 
extremity of the radius drawn in the direction of its motion, 
the velocity impressed at the same instant at any point of the 
surface, the radius to which makes an angle @ with that direc- 
tion, is 7m fact v, cos 0, the sphere being supposed perfectly 
smooth ; also the ratio of the two velocities, which is cos @, 
does not vary with the time. It is, however, undoubtedly 
true, as Mr. Airy contends, that if the motion be of this kind, 
the lateral pressures, namely, those which take place at the 
surface of the sphere in directions perpendicular to its radii, 
should be taken into account; and the explanation which Mr. 
Airy desires will, I suppose, be given, if it be shown, as I am 
about to do, that these pressures ave taken into account in 
my solution of the problem under discussion. 
It will be admitted that ifthe same accelerative force be im- 

pressed at every instant on the sphere and on all points of the 
fluid surrounding it, in the same direction, no motion of the 
fluid along the surface of the sphere and no alteration of density 
will be thereby produced. Conceive to be impressed on the 
sphere at each instant its own accelerative force in a direc- 
tion contrary to that in which it takes place, and the same ac- 
celerative force to be impressed on all points of the fluid in the 
same direction. The sphere will thus be reduced to rest, and the 
case of motion will become that of a variable stream impinging 
on a stationary sphere. The effective accelerative force at any 
point of the surface of the sphere will be the resultant of the 
above-mentioned impressed force, and of the force impressed 
at that point by the sphere in motion. This resultant is in 

bb in 
the direction of a tangent to the surface, and if — be the 

accelerative force of the sphere at the time ¢, is equal to 

= sin @, the angle @ being that which has already been de- 

fined. Now by a known theorem of hydro-dynamics, if p be 
the pressure, @ the density, and / the effective accelerative 
force at any point s of a line drawn always in the direction of 
the motion of the particles through which it passes, 

dp oaP +f=0. 

In the instance before us the line s is along the surface of 
the sphere, ds = rd@ (7 being the radius of the sphere), 
and if v = msin bt, f = mb sin @cos b¢. Hence by sub- 
stituting and integrating, 

Pp = p,+ mbrcos 0 cos bt. 

K 2 
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The pressure p, corresponding to 0 = > is that part which 

is common to every point of the surface of the sphere. Hence 
the pressure which tends to put the sphere in motion, or 
P—p,, is 

bmr cos @ cos bt. 
This, by the remark made at the commencement of the rea- 
soning, is the same pressure as when the fluid is stationary 
and the sphere in motion, and is identical, if very small quan- 
tities be neglected, with the value obtained by a very different 
process at the bottom of p. 465 of my communication to the 
December Number. The consideration of the lateral press- 
ure does not therefore lead to any variation from the former 
result. 

The force of this explanation will, perhaps, be more clearly 
seen by the following remark. Supposing the sphere at rest 
and the fluid in motion, the velocity at the position corre- 
sponding to @ = 0 is nothing. But as the lines drawn at 
any instant in the direction of the motion of the particles 
through which they pass nowhere intersect the surface of the 
sphere, it follows that the particles about that position are 
successively carried along the surface till at a position corre- 

sponding to 0 = = they acquire the velocity of the stream, 

The lateral pressure is concerned in effecting this transfer of 
the individual particles, while the law of its variation at any 
instant along the surface of the sphere is that which is given 
by the preceding investigation. When the fluid is at rest and 
the sphere in motion the velocity impressed on any particle 
at the position @ = 0 is reduced to nothing when it arrives 

at the position 0 = 3 by the same pressure. 

Iam, Gentlemen, yours, &c. 
Cambridge Observatory, Jan. 18, 1841. J. CHALLIS. 

XXVI. Correction in a paper published in the Philosophical 
Magazine for January. By G. B. Airy, £sq., M4. FBS, 
Astronomer Royal. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 

i AM indebted to the kindness of Mr. Tovey for pointing 
out an omission in my investigation published in your 

Number for January; arising, as will frequently happen, from 
the difficulty of attending to every small step when hastily 
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writing out an investigation with whose results we are fa- 
miliar. 

I request you to insert in your February Number the fol- 
lowing correction : 

Philosophical Magazine, January 1841, page 9, line 6, read 
as follows: 

«“ Here a = 0, and the approximate investigation for 7, at 
the bottom of page 3, does not apply. Remarking, however, 

2 
that 7, is now = 0, the expression for Re Vie +r? is re- 

Oo 

duced to — h + 0: the term corresponding to cos (e, cos 0) 

‘ ‘ 1 . 
is cos 0 or 1: and the term corresponding to ie (cos e, 

Shed ; 
cos @) (from 0 to 2 7) is an X 27H 1 The expression for 

Dever the intensity therefore becomes 1+ E’,, 
No alteration is required after line 7, and the results of the 

investigation are in no way affected. 

I am, Gentlemen, yours, &Xc. 

Royal Observatory, Greenwich, G. B. Airy. 
Jan. 20, 1841. 

XXVII. On the Electricity of expanding Air, as connected 
with the Electrieal Phenomena of Effluent Steam. By Wm. 
Gero. ARMSTRONG, fsq. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 
[NX connexion with the experiments which I have recently 

published on the electricity of effluent steam, it occurred to 
me that it would be well to inquire whether similar effects to 
those I have described, could be produced by compressing 
common air in a receiver, and then suffering it to escape in 
a jet, in the same manner as steam had been discharged from 
a boiler in the experiments alluded to. With this view, there- 
fore, I condensed about eight atmospheres into a strong vessel, 
the capacity of which was nearly six quarts; I then insulated 
the vessel, and discharged the air through a glass tube which 
IL had previously inserted for the purpose. 

On the first trial I obtained no indications of electricity 
whatever, but upon repeating the experiment on a subsequent 
day, the insulated vessel became so highly electrified, when 
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the air was discharged, as to yield sparks fully a quarter of 
aninch long. I afterwards tried the same experimenta great 
number of times, and, strange to say, the electricity of the 
vessel, though generally negative, occasionally proved to be 
positive. Sometimes the electricity was very strong, and some- 
times very weak, and frequently I could get no electricity at 
all. By means of an insulated conductor terminating in a 
number of points, I also obtained electricity from the ejected 
air, and found it to be posztive every time I tried it. 

I more frequently succeeded in producing an electrical de- 
velopment when the receiver was cold, and contained a little 
moisture, than when it was warm and dry, so that it is not 
improbable that evaporation may even here be the source of 

. the electricity. Iam by no means sure, however, that my better 
success when the receiver was cold and damp, was not mere 
chance, and I only mention the circumstance as a suggestion 
to persons who may think proper to repeat the experiment. 

Newcastle-upon-Tyne, Wm. Gro. ARMSTRONG. 
Jan. 23, 1841. 

XXVIII. On Irish Tin Ore. By Aguita Smitn, Esq., 
M.D., M.R.LA* 

(Fue question has been often asked, is tin ore found in 
Ireland? and I believe the only reply which could be 

given is, that it was said to have been fouud in the county of 
Wicklow, about the year 1796, when the gold mines were 
worked on account of the Government. 

In the first report on the working of the gold mines, drawn 
up by Messrs. Mills, King, and Weaver, dated 1st August, 
1801, and published in the second volume of the Transactions 
of the Dublin Society, the directors state, that “ in every in- 
stance, where the gold has been found, there have been also 
found fragments of magnetic iron ore, and quartz containing 
chlorite, tron ochre, and martial pyrites, attended, more particu- 
larly at the works of Ballinvally (on the north-east declivity of 
Croaghan mountain), with specula iron ore, brown and red tron- 
stone, tin-stone crystals, wolfram, and gray ore of manganese” 
(Part ii. p. 147.). 

Here we find the existence of “ tin-stone crystals,” an- 
nounced for the first time in Ireland; and, strange to say, its 
discovery does not appear to have attracted any attention in a 
‘commercial point of view, nor even to have been sought for 
as a curiosity by the mineralogists of that time; for although 
many minerals newly discovered in Ireland are briefly de- 

* Read before the Geological Society of Dublin, Wednesday, December 
9th, 1840; and now communicated by the Author. 
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scribed in the catalogue of the minerals in Trinity College 
Museum, drawn up in 1807 by the late Rev. Walter Stephens, 
no specimen of Irish tin-stone is mentioned; and even at a 
later period, in 1818, when my respected friend, Dr. Whitley 
Stokes, published his catalogue, Irish tin-stone is not to be 
found in the list. 

These circumstances would almost induce us to suspect 
that some other substance must have been mistaken for tin- 
stone by the directors of the works at the gold mine. 

The next notice of this metal being found in Ireland is in 
the catalogue of Irish minerals in the museum of the Royal 
Dublin Society, published in 1832 by the late Sir Charles 
Giesecke. No. 213 is thus described: “ tin-stone of a hair- 
brown colour, accompanies frequently, in small grains, the 
native gold found in streams at Croaghan mountain, county 
Wicklow.” 

Ever since I have turned my attention to mineralogy, I have 
anxiously sought for a specimen of Irish tin ore, in our public 
museums, as well as in several private collections of Irish 
minerals, but was unsuccessful in discovering any such spe- 
cimen. 

About six weeks ago I received, through my friend Mr. 
Robert Mallet, a small paper of washed sand from the gold 
works at present carrying on at Croaghan mountain, under 
the superintendence of Mr. Suter, who sent me the sand for 
the purpose of having it examined. 

I found in it the following minerals :— 
1. Several minute particles of native gold. 
2. Magnetic iron ore consisting chiefly of very minute 

and brilliant octahedral crystals, readily separated by the 
magnet. 

3. Fine-grained specula iron ore, giving a red streak when 
scratched with a knife, and becoming magnetic when heated. 

4. Numerous minute garnets of a pale red colour, some of 
them exhibiting the planes of a rhombic dodecahedron, and 
fusing readily without intumescence into a brilliant black 
globule. 

5. Many fragments of an earthy looking mineral, some of 
them presenting crystalline planes, abraded by friction; the 
fracture was shining, and the hardness about = 6:0 or that 
of felspar. Not being certain as to what this mineral was, I 
proceeded to examine it more particularly. In the forceps 
when heated it became yellow, and in a strong heat deposited 
a white sublimate on the points of the forceps, but it did not 
fuse. I then tried it on charcoal, but from the difficulty of 
keeping so small an assay steadily fixed under the flame, the 
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only result was that it became yellow when heated. I next tried 
it with borax, in which it dissolved very slowly, and did not 
colour the glass. I was still at a loss to say what it was, but 
suspecting that it contained some metal, which was indicated 
by the white sublimate, I tried it with carbonate of soda on 
charcoal, and it speedily yielded brilliant metallic globules, 
which tarnished rapidly after cooling ; they were malleable, 
and when flattened out presented the appearance of tin. 

No doubt now remained as to-its nature; and I have only 
to add, in corroboration of the assertion of Messrs. Mills, 
King, and Weaver, that native oxide of tin” exists in the 
county Wicklow. 

XXIX. Introduction to an Essay on the Amount and Distribu- 
tion of the Multiplicity of the Roots of an Algebraic Equation. 
By J.J. Sytvester, F.R.S. §c., Professor of Natural Phi- 
losophy in University College, London*, 

USE the word multzplicity to denote a number, and di- 
stinguish between the total and partial multiplicities of the 

roots of an algebraic equation. 
There may be r different roots repeated respectively h, /, 

-». A” times. 
r is the index of distribution. 
h, hy .. h, ave the partial mutiplicities, and if = h,+ h, 

+... +h, 
h is the total multiplicity. 
The total multiplicity it is clear may be defined as the dif- 

ference between the index of the equation and the number of 
its roots distinguishable from one another. 

In this Introduction, I propose merely to consider how ex- 
isting methods may be applied to determine the amount and 
distribution of multiplicity in a given equation, and conversely, 
how equations of condition can be formed which shall imply 
a given distribution and amount. 

Let the greatest common factor between f x (the argument 

of the proposed equation) and be called f, x. 

And in like manner, let the greatest common factor of f, # 

and ie be called.f, x . and so on, till in the end we come to 
dx 

y 9 ae 2 
Jf-+% Which has no common factor with cae 

x 

Let i, k, ... k, denote the degrees in x of fa fp vt + fr 

respectively. 
* Communicated by the Author. 
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It is easy to see that 
k,—k partial multiplicities, are less than 2, 2. ¢. are each 

units. , 

k,—k partial multiplicities, will be less than 3, and 
therefore either 1 or 2 in value respectively, and so on till we 
come to 

k,-, — k, which will severally be between zero and r—], 

and k, — 0 of values intermediate between zero and 7. 

Hence there will be 
k,—2k,+k,; multiplicities each of the value 1. 
k,—2 kyle vee vee ees 2. 

kp-y—2 kr, ++. Of the value r—l. 

and &, s+... of the value r 
13 Od, fiz mine 

In place of fx with a ag With Te 

and so on for:the rest; the values of 4, x; ... #, will remain 

unaffected by this change; but the former method would be 
more expeditious in practice. 

The total multiplicity is, of course, = /). 
Suppose now that we propose to ourselves the converse 

problem to determine the conditions that an algebraic equa- 

tion may have a given amount of multiplicity distributed in a 
iven manner. 
If h, h, hz... 6, be used to denote the given number of 

partial multiplicities which are respectively of the values 1 2 

3 ... 1, it is easy to see that the quantities derived above by 

hy ko ++ i, are respectively equal to 

hy +2 lg + veveee + rh, 
Jig + 2hg + seveee + Thy 1 
hz + 2hg + ossee + Thy z 

hy, « 
d . 

Now from 7 having a factor of the degree /, common 
d 

with fw we obtain /, conditions from ie 

the degree k, common with f, x we obtain /, more, and so on. 
So that altogether we obtain in this way 

af we might employ 

having a factor of 

i, + hey + seveee &, conditions. 
But it may easily be seen that the total multiplicity being 

i, the number of conditions need never to exceed /, in number, 
no matter what its distribution may be. Hence, besides the 
enormous labour of the process, and the extreme complexity of 
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the results, we obtain by this method more equations by far than 
are necessary, and it requires some caution to know which to 
reject. 

In my forthcoming paper (to appear in Phil. Mag. of next 
month) I shall show, by a most simple means, how without the 
use of derived or other subsidiary functions, to obtain the 
simplest equations of condition which correspond to a given 
distribution of a given amount of multiplicity. 

The total multiplicity, say m, being given in as many ways 
as that number can be broken into parts, so many different 
systems of m equations can be formed differing each from the 
other in the dimensions of the terms. 

These systems may be arranged in order so that each in 
the series shall imply all those that follow it, and be implied 
in all those that go before, without the converse being satis- 
fied. 

The subject of the unreciprocal implication of systems of 
equations is a very curious one, upon which the limits assigned 
to me prevent me from enlarging at present. It is closely 
connected with a part of the theory of elimination, which, as 

-far as I am aware, has either been overlooked, or has not met 
with the attention which it deserves; I mean the theory of 
Special Factors. 

An example may make what I mean by these clear. 
Let C be a function (if my reader please) void of x, which 

equivalent to zero implies two given equations in zw having a 
common root, 

Let C be rid of all irrelevant factors, z. e. let C be the 
simplest form of the determinant, when the coefficients of the 
two equations are perfectly independent qualities. Now sup- 
pose, as is quite possible in a variety of ways, that such rela 
tions are instituted between the coefficients alluded to as make 
C split up into factors, so that C = LxMxN=0. 

Only one of the factors, L, M, N will satisfy the condition 
of the co-existence of the two given equations: the others are 
clearly, however, not to be confounded with factors of solution, 
or irrelevant factors, as they are termed, but are of quite a dif- 
ferent nature, and enjoy remarkable properties, which point 
to an enlarged theory of elimination, and constitute what I call 
special or singular factors. 

I shall feel much obliged to any of the readers of your 
widely circulated Journal, interested in the subject of this 
paper, who would do me the honour of communicating with 
me upon it, and especially if they would (between now and 
the next coming out of the Magazine) inform me whether any 
thing, and if so how much, different from what is here stated 
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has been done in the matter of determining the relations 

between the coefficients of an equation corresponding to a 

given amount and distribution of multiplicity in its roots. 

I ought to add, that my method enables me not merely to 

determine the conditions of multiplicity, but also to decompose 

the equations containing multiple roots into others free of mul- 

tiplicity, z.e. to find, @ priori, the values of the several quantities 

fa -fo-%, LEE yO Prien OAT tee 

Cae a © Pe ie CE ae Ne 

Moreover, other decompositions, not necessary to be enlarged 
upon in this place, may be obtained with equal facility. 

University College, London, or 58 Doughty Street. 

[To be continued. ] 
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Nov. 19, PAPER was read, entitled, Supplement to a paper 

1840. “On the Theoretical Explanation of an apparent 

new Polarity in Light;” by George B. Airy, Esq., M.A., F.R.S., 

Astronomer Royal. 
In a paper published in the second part of the Philosophical 

Transactions for 1840*, the author explained, on the undulatory 

theory of light, the phenomena observed by Sir David Brewster, 

and apparently indicating a new polarity in light. That explanation 

was founded on the assumption that the spectrum was viewed out of 

focus; an assumption which corresponded with the observation of 

the author and of other persons. But the author having, since the 

publication of that memoir, been assured by Sir David Brewster that 

the phenomenon was most certainly observed with great distinct- 

ness when the spectrum was viewed so accurately in focus that 

many of Frauenhofer’s finer lines could be seen, he has continued the 

theoretical investigation for that case, which had been omitted in 

the former memoir, namely, when the spectrum is viewed in focus ; 

and he has arrived at a result, which appears completely to recon- 

cile the seemingly conflicting statements, and to dispel the obscurity 

in which the subject had hitherto been enveloped. 
Noy. 26, 1840.—Description of the Electro-magnetic Clock. By 

C. Wheatstone, Esq., F.R.S. 

The object of the apparatus forming the subject of this commu- 

nication, is stated by the author to be that of enabling a single clock 

to indicate exactly the same time in as many different places, distant 

from each other, as may be required. Thus, in an astronomical 

* An abstract of which appeared in L, E. & D. Phil. Mag,, vol. xvii. 

p- 381,—Enit. 
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observatory, every room may be furnished with an instrument, sim~ 
ple in its construction, and therefore little liable to derangement, and 
of trifling cost, which shall indicate the time, and beat dead seconds 
audibly, with the same precision as the standard astronomical clock 
with which it is connected; thus obviating the necessity of having 
several clocks, and diminishing the trouble of winding up and regu- 
lating them separately. In like manner, in public offices and large 
establishments, one good clock will serve the purpose of indicating 
the precise time in every part of the building where it may be re- 
quired, and an accuracy ensured which it would be difficult to obtain 
by independent clocks, even putting the difference of cost out of 
consideration. Other cases in which the invention might be ad- 
vantageously employed were also mentioned. In the electro-mag- 
netic clock, which was exhibited in action in the Apartments of the 
Society, all the parts employed in a clock for maintaining and regu- 
lating the power are entirely dispensed with. It consists simply of 
a face with its second, minute and hour hands, and of a train of 

wheels which communicate motion from the arbor of the second’s 
hand to that of the hour hand, in the same manner asin an ordinary 

clock train; a small electro-magnet is caused to act upon a pecu- 
liarly constructed wheel (scarcely capable of being described without 
a figure) placed on the second’s arbor, in such manner that whenever 

the temporary magnetism is either produced or destroyed, the wheel, 
and consequently the second’s hand, advances a sixtieth part of its 
revolution. It is obvious, then, that if an electric current can be al- 
ternately established and arrested, each resumption and cessation 
lasting for a second, the instrument now described, although unpro- 
vided with any internal maintaining or regulating power, would per- 
form all the usual functions of a perfect clock. The manner in which 
his apparatus is applied to the clocks, so that the movements of the 
hands of both may be perfectly simultaneous, is the following. On 
the axis which carries the scape-wheel of the primary clock a small 
disc of brass is fixed, which is first divided on its circumference into 
sixty equal parts; each alternate division is then cut out and filled 
with a piece of wood, so that the circumference consists of thirty 
regular alternations of wood and metal. An extremely light brass 
spring, which is screwed to a block of ivory or hard wood, and which 
has no connexion with the metallic parts of the clock, rests by its 
free end on the circumference of the disc. A copper wire is fastened 
to the fixed end of the spring, and proceeds to one end of the wire 
of the electro-magnet; while another wire attached to the clock-frame 
is continued until it joins the other end of that of the same electro- 
magnet. A constant voltaic battery, consisting of a few elements 
of very small dimensions, is interposed in any part of the circuit. 
By this arrangement the circuit is periodically made and broken, in 
consequence of the spring resting for one second on a metal division, 
and the next second on a wooden division. The circuit may be ex- 
tended to any length ; and any number of electro-magnetic instru- 
ments may be thus brought into sympathetic action with the standard 
clock. It is only necessary to observe, that the force of the battery 
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and the proportion between the resistances of the electro-magnetic 
coils and those of the other parts of the circuit, must, in order to 
produce the maximum effect with the least expenditure of power, be 
varied to suit each particular case. 

In the concluding part of the paper the author points out several 
other and very different methods of effecting the same purpose; and 
in particular one in which Faraday’s magneto-electric currents are 
employed, instead of the current produced by a voltaic battery: he 
also describes a modification of the sympathetic instrument, calcu- 
lated to enable it to act at great distances with a weaker electric cur- 
rent than if it were constructed on the plan first described. 

ROYAL ASTRONOMICAL SOCIETY. 

February 14, 1840. Annual Meeting. 

Extracts from the Report of the Council. 

«Twenty years have now elapsed since this Society was in- 
stituted: during which period, the advances in Astronomy, both 
theoretical and practical, must be evident to the most ordinary 
observer, For, not only have public and private observatories been 
multiplied beyond any former example, but a great impulse has, 
generally, been given to every department of the science. There is 
now scarcely a single branch of astronomy that is not pursued in 
detail by one or other of the many active astronomers of the pre- 
sent day; whether requiring the laborious exertions of the ob- 
servatory, or the equally arduous investigations of the closet. In 
the construction and manipulation of instruments also, great and 
important improvements have been made, which have introduced a 
system of accuracy and minuteness unprecedented in former times. 
If this Society has not, indeed, been the originator of this happy 
state of things, it has at least cordially assisted in the impulse: and 
let us hope that the next twenty years will be distinguished by 
similar exertions, and crowned with equal success. 

« Amongst the losses by death, during the past year, the Council 
haye to announce the decease of his Majesty the King of Denmark, 
one of the honorary members of the Society, and a great patron of 
the science of Astronomy. In the year 1832, his Majesty founded 
a gold medal, for the first discovery of a telescopic comet not 
previously known ; and in November 1835, the conditions on which 
the medal was to be awarded were read at the meeting of this 
Society, and published in the Monthly Notices. It is somewhat 
remarkable, that from that period till within a few hours of his 
Majesty’s decease, when the recent comet was observed by M. 
Galle at Berlin, no discovery of the kind had been made ; although, 
some years previously, a considerable number of comets had made 
their appearance: and his Majesty’s liberal intention had, conse- 
quently, been nearly frustrated. It will be gratifying to the Society 
to know that his Majesty’s successor, the present King of Denmark, 
is also a patron of our science; and it is, therefore, with much 
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pleasure, that the Council propose that he be elected an honorary 
member, in the place of his late predecessor*. 

«« The other losses that the Council have to deplore, are those of 
Mr. Davies Gilbert, Professor Rigaud, and Mr. Epps. 

«© Mr. Davies Gilbert was born on the 6th of March, 1767, in the 
parish of St. Erth, in the west of Cornwall. His father was the 
Rev. Edward Giddy, his mother Catherine Davies, a descendant of 
William Noye, attorney-general in the reign of Charles the First. 
The subject of this memoir was reared with great care and attention 
as a child of promise but not of robust health. His early education 
was conducted at home by his father, who was well qualified for the 
task as a scholar, and as a man of acknowledged ability and at- 
tainments; but his pupil’s taste soon led him to prefer the study of 
the severer sciences to the elegancies of classical literature; and 
these studies were pursued with an ardour not to be repressed. “As 
he grew up it was thought expedient to place him in the grammar- 
school of Penzance (of which the Rey. James Parkin was then the 
master); and for that purpose, his parents removed for about 
eighteen months to that town. In the year 1782 they removed to 
Bristol, where their son’s studies were assisted, for a time, by Mr. 
Benjamin Donne. In the year 1786 he was matriculated at Oxford, ~ 
after having been entered as a gentleman-commoner of Pembroke 
College. He had already made himself master of considerable 
mathematical and physical knowledge, and had acquired the greater 
portion of it by almost unassisted application. His efforts had been 
guided and aided, indeed, by a very friendly intercourse with the 
Rey. Malachy Hitchins, vicar of St. Hilary (whose connexion with 
the late Dr. Maskelyne and the ‘ Nautical Almanac’ is well known), 
from whom, as he has himself recorded, he obtained, whenever it 
was asked, information ‘ in those sciences which afforded him unin- 
terrupted entertainment and delight throughout the whole conti- 
nuance of a protracted life.’ 

«« During his residence at Oxford, he was a regular attendant at 
the lectures on anatomy and mineralogy of Dr. Thomson, at Christ 
Church. He likewise attended with assiduity the lectures on che- 
mistry and botany of Drs. Beddoes and Sibthorp, and formed with 
them alliances of reciprocal friendship, which terminated only with 
their lives. His society was, in fact, courted by his seniors, and 
included a long list of the most eminent among the professors and 
other distinguished men of the University. 

«* He took the honorary degree of M.A., and continued to reside 
much in his college, until, in 1793, he returned to Cornwall to 
serve the office of sheriff, where his time was divided between the 
cultivation of science and literature, and the duties of a magistrate 
in a populous and busy county. 

‘« Soon after this, we find him brought into closer contact with 
the world, and enabled to display, upon the wider stage of the me- 

* A resolution to this effect was proposed at the meeting, and unani- 
mously carried. 
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tropolis, those powers of mind which had been hitherto confined to 
the narrower sphere of his native county, and a few private admirers 
and friends. He represented Helston in parliament in the year 
1804; and at the general election in 1806, he was chosen to repre- 
sent Bodmin, and continued to sit for that borough, till, in Decem- 
ber 1832, he ceased to be a member of the legislative body. 

“ On the 8th of April, 1808, he married Mary Ann Gilbert, only 
niece of Charles Gilbert of Eastbourn, in Sussex, under whose will 
he came into possession of considerable estates in that county ; 
and, in compliance with its injunctions, assumed the name and arms 
of Gilbert. 

“Mr. Gilbert’s exertions to promote the objects of science in 
general, and to forward the views of the different scientific Societies 
of London and other parts of the United Kingdom, with which he 
was connected, both in the House of Commons and with the 
leading men of the state, are well known, and will be long held in 
remembrance. He had been early admitted into the Royal Society, 
of which he never ceased to be an active and distinguished member ; 
and, in 1827, was elected, without opposition, their President, on 
the resignation of Sir Humphry Davy, whose friend and patron he 
had been in the early life of that illustrious chemist and philosopher. 
He resigned that chair in November 1830, and was succeeded in it 
by H.R.H. the Duke of Sussex. He filled the office of President of 
the Royal Geological Society of Cornwall, from its origin till his 
death. 

“« Mr. Gilbert, as a member of the legislature, and a distinguished 
cultivator of science, appeared to government a proper assistant in 
all public inquiries for which station in society, and a competent 
knowledge of mathematics, formed necessary or useful qualifica- 
tions; and he was accordingly appointed a member of the Board of 
Longitude, a Commissioner of Weights and Measures, and a Com- 
missioner to settle the Boundaries of Boroughs under the first Reform 
Bill. He was also Chairman of the Committee appointed to consi- 
der the subject of the Measurement of the Tonnage of Shipping ; 
whose plan (proposed by one of our Fellows, Mr. Riddle) was 
passed into a law. He was, indeed, at all times willing, when 
called upon, to devote his time and acquirements either to the pub- 
lic service of his country, or to the private aid of those who appealed 
to him for assistance or advice. 

“ After his retirement from Parliament and the Chair of the 
Royal Society, he did not resign himself entirely to repose; but 
continued, notwithstanding his increasing infirmities of body, 
actively to co-operate with his fellow-labourers in the great field of 
science. He accepted a commission of investigation into the Stan- 
nary Laws of Cornwall, and frequented the Societies of which he 
was a member with undiminished alacrity and zeal, always prepared 
to obey the calls of duty or friendship with readiness of purpose and 
gentleness of manners. 

“Mr. Davies Gilbert was not a very large contributor to the 
Philosophical Transactions. In 1826, he gave a paper on Suspen- 
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sion Bridges, accompanied by tables, which is the most complete 
account yet published of the points on which it treats. In 1827, 
he read a paper on the expediency of assigning specific names to all 
such functions of simple elements as represent definite physical 
properties ; and in 1830, a description of the progressive improve- 
ments made in Cornish steam-engines. Very different from these, 
in the subject treated, is a paper on the nature of negative and 
imaginary quantities, read in 1830. His last contribution, a conti- 
nuation of the tables relative to suspension bridges, was made on 

May 19, 1831. 
«‘ He had for some years exhibited symptoms of decay. What 

were the causes of the atrophy so visible in his form and counte- 
nance is unknown ;. but in 1839, he became weaker in strength and 
spirits ; and though he made a journey to Durham, and afterwards 
into Cornwall, where he presided for the last time at the Anniver- 
sary of the Royal Geological Society of Penzance, and attended that 
of the Polytechnic Society of Falmouth, he was evidently unequal 
to the task he had imposed upon himself, though his powers of 
mind were clear, quick, and apparently unimpaired. His last visit 
was to Oxford, which had, some years before, conferred on him one- 
of the highest titles in her power to bestow. From that period he 
never went into public, but took his last journey from London to 
his house at Eastbourn, on the 7th November. He expired in the 
presence of his family, on the 24th of December, 1839; and his 
memory will be long cherished as that of an ardent lover of science, 
a liberal patron of merit, a kind friend, a mild and accomplished 
gentleman. 

«« Mr. Rigaud* was descended from a French family of consider- 
ation, who, on the revocation of the Edict of Nantes, resigned their 
property, and fled to a foreign land for conscience sake. His ma- 
ternal grandfather and father had each successively filled the office 
of Observer to the King, at Kew; an office which was afterwards 

graciously conferred on Mr. Rigaud himself. Mr. Rigaud was 
born in the year 1774; and in 1791, when little more than sixteen 

years of age, was matriculated at Exeter College, Oxford. He 
was elected a Fellow of that Society before he was of sufficient 
standing to take the degree of B.A.; and, as soon as his age per- 
mitted, was appointed one of the College tutors. On the death of 
Dr. Hornsby, in 1810, Mr. Rigaud was appointed Savilian Professor 
of Geometry, and Reader on Experimental Philosophy ; the duties 
of which latter office he had for some time before been discharging 
for Dr. Hornsby. In 1827, Mr. Rigaud succeeded Dr. Robertson 
in the office of Savilian Professor of Astronomy and Radcliffe Ob- 
server, thereby relinquishing the Professorship of Geometry. As an 
astronomer, Mr. Rigaud’s attention was principally directed to the 
literary and historical department of the science, for which his ex- 
tensive learning, and accuracy of research, especially qualified him. 
In 1831, he published in a 4to volume, ‘‘ The Miscellaneous Works 

and Correspondence of the Rey. James Bradley,” to which he pre- 
[* See L, and E, Phil. Mag., vol. xv. p. 524.—Eprr.] 
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fixed copious memoirs of Bradley himself. This work contains, be- 
sides several other unedited papers of Bradley, his original observa- 
tions for the determination of the constants of aberration and 
nutation. These observations had been lost sight of for upwards of 
seventy years; and, but for Mr. Rigaud’s zeal and exertion, would, 
in all probability, never have been recovered. Fortunately, however, 
it came to his knowledge that several MSS. of Bradley still existed 
among the papers of Dr. Hornsby, then in the possession of his fa- 
mily, by whom they were readily given up on application from the 
University. Mr. Rigaud was requested to undertake the office of 
editor; a task which was not an easy one, owing to the confused 
state of the materials from which he had to derive his information. 
He succeeded, however, in producing a work which will ever be re- 

* garded as a most valuable record in the history of our science. So 
highly was it esteemed on the Continent, that in the very next year 
after its publication, the Royal Academy of Sciences of Copenhagen 
made the reduction of the observations for aberration and nutation 
the subject of their prize; which was adjudged to Dr. Busch of the 
Keenigsberg Observatory, the assistant of that illustrious astronomer 
to whom the reputation of Bradley is so deeply indebted. As con- 
nected with this subject, it may be mentioned, that it was through 

the instrumentality of Mr. Rigaud, that his late Majesty, King Wil- 
liam IV., was pleased to cause a monument to be erected at Kew, 
to mark the spot where Bradley made the observations which led to 
his great discoveries. In 1835, Mr. Rigaud published a small pam- 
phlet, containing an account of the ‘ Astronomize Cometic Synop- 
sis’ of Halley, and, in 1838, the last work he lived to complete, 

* An Historical Essay on the first publication of Sir Isaac Newton’s 
Principia ;’ which exhibits, in every page, the author’s minute ac- 
quaintance with the events of that important period. Besides these 
works, Mr. Rigaud was the author of many papers read before the 
Ashmolean Society in Oxford; and also of one ‘ On the Principal 
Instruments at Greenwich in the time of Dr. Halley,’ which is in- 

serted in the ninth volume of our Memoirs. 
“ In 1827, Mr. Rigaud met with a severe domestic affliction in 

the loss of his wife ; an event which left him sole guardian of a 
large family of young children; to the superintendence of whose 
education much of the attention of the latter years of his life was 
devoted. ‘The affection and solicitude with which he discharged 
this duty was rewarded by his being spared to witness the academic 
distinction of his eldest son, who is now a Fellow of our Society ; 
and the Council are happy in being able to state that he is com- 
pleting the publication of a collection of letters from scientific men 
in the beginning of the last century, upon which his father was 
engaged at the time of his death; and the original documents of 
which formerly belonged to Mr. Jones, the father of Sir William 
Jones, but now in the possession of the Earl of Macclesfield. 

““ Many members of this Society have had opportunities of ob- 
serving the kindness and unaffected simplicity of manner which 
marked Mr. Rigaud’s intercourse in private life; and some of them, 

Phil. Mag. S. 3. Vol. 18. No. 115. Feb. 1841. L 
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the more sterling qualities of his character, For many years past, 

however, he had entered but little into society. His almost constant 

residence, for nearly half a century, was Oxford; and there he has 

left a large circle of friends, who had abundant opportunities of 

knowing his virtues, and who will long regret his removal. In him 

the University has lost a most devoted son; and it is now a conso- 
lation to remember that he was ever foremost among those whom she 

delighted to honour. 
«Mr. James Epps was appointed Assistant-Secretary of this 

Society in 1830, and during the eight years he officiated in that ca- 

pacity, he not only merited the approbation of the Council by the 

ability and zeal with which he discharged the duties of his office, 

but also rendered himself acceptable to the Fellows at large by his 

uniform urbanity, his cheerful disposition, and his readiness to: 

oblige on all occasions, Although he had not the advantages of a 

regular education, and the occupations of his early life left but little 

leisure for the cultivation of the sciences, he had acquired, never- 

theless, very considerable knowledge both of theoretical and practi- 

cal astronomy ; and he had also much skill and experience in astro- 

nomical computation. He was the author of several papers printed 

in our Memoirs ; namely, one in the fourth volume, accompanied by 
some useful tables for computing the azimuthal deviations of a 
transit instrument from the observed passages of two stars through 

the vertical it describes; another, in the same volume, on the errors 

of the same instrument occasioned by the inclination of the axis to 
the horizon ; one, in the sixth volume, on the method of ascertaining 

the comparative rates of chronometers ; and one, in the ninth vo- 
lume, on the investigation of formule for reducing observations 
made with the annular micrometer. He likewise recently contributed 
another paper on the errors that may be produced in determining 
differences of longitude by observations of moon-culminating stars, 
when there are no corresponding observations ; accompanied by a 
table of results deduced from comparisons of such observations, with 
the places given in the ‘ Nautical Almanac,’ which has been ordered 
by the Council to be printed in the forthcoming volume. 

« In 1838, Mr. Epps resigned his office in the Society, and re- 
moved to Hartwell to superintend the private observatory of our 
excellent Treasurer, Dr. Lee. For this appointment he was emi- 
nently well qualified. He entered on its duties with his usual 
ardour; thus meriting the friendship and esteem of his patron, 
which he continued to enjoy without interruption to the hour of his 
death. On his removal to Hartwell, he was elected a Fellow of 
this Society. 

«« Mr. Epps was a man of varied accomplishments and extensive 
general information ; and knew well how to turn theoretical know- 

ledge to practical account. He was born in 1773, of humble but 
respectable parents residing in Kent; and died at Hartwell on the 
10th of August last, regretted by all who knew him. 

«In the Report of the Council to the Society in the year 1838, 
it was stated that the pendulum obseryations made by the late 
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lamented Lieut. Murphy in Asia, had been received, and placed in 
the hands of Mr. Baily, for examination and reduction. Since that 
period, the pendulums themselves have arrived, and Mr. Baily has 
repeated his experiments on them, for the purpose of comparing the 
results before and after the voyage, with those made by Lieut. 
Murphy. A Report on the whole of these experiments, and on 
their general result, will be made by Mr. Baily, and read to the 
Society at one of the evening meetings. These pendulums are now 
entrusted to Capt. James Clark Ross, as already mentioned, for the 
purpose of making further experiments at such places as he may 
find it convenient, during his present scientific voyage : and they 
are thus, for the third time, placed in active operation. 

«« As connected with this subject, it may be mentioned that when 
Mr. Maclear departed for the Cape of Good Hope, to take the 
superintendence of the Observatory there, he took with him one of 
Kater’s invariable pendulums, that had been previously swung in 
this country by Mr. Baily. That pendulum has recently been 
returned to this country, together with a detail of Mr. Maclear’s 
experiments. The whole have been placed in the hands of Mr. 
Baily, who will, in this case also, report upon the general result. 

«In alluding to the labours of Mr. Maclear at the Cape of Good 
Hope, the Council may mention also his intention of remeasuring 
the are of meridian formerly measured by Lacaille. Already have 
the stations of Lacaille been satisfactorily identified, and the lati- 
tudes of the extreme stations been observed, as we have seen by the 
paper recently read to this Society: and the requisite apparatus has 
been sent out for finishing what has been so auspiciously begun. 
Under the direction of this able and zealous astronomer, there is 
every reason to expect a satisfactory result to so important an 
operation. 

“« The Council have great pleasure in stating that the eleventh 
volume of the Memoirs of the Society is now in the press, and that 
considerable progress has been made in the printing. Amongst the 
papers that will appear therein, is a very valuable catalogue of all 
the stars that were observed by Mr. Airy during the time that he 
had the superintendence of the Observatory at Cambridge. Partial 
lists of those stars had from time to time been printed in the several 
volumes which annually proceeded from that Observatory ; subject 
however to a slight correction for reducing them to one and the 
same equinox. In the catalogue about to appear in our Memoirs, 
they are all uniformly reduced to the epoch 1830, with the annual 
precessions annexed ; and are thus immediately available for occa- 
sional reference and application. This catalogue will be found to 
fill up many /acune, and tend to rectify many errors in former cata- 
logues, arising either from imperfect observation, or from mistakes 
in transcribing or computing authentic records. It has been found 
of great assistance in perfecting and enlarging the catalogue which 
goes under the name of the Catalogue of this Society ; as it contains 
several stars that had not been observed since the original observa- 
tions by Hevelius, Flamsteed, and Bradley. With a view to extend 

L2 
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its utility still further, the Council have directed that an additional 
number of copies should be printed, and presented to the Rev. Mr. 
Challis, the director of the Cambridge Observatory, with a request 
that they might be distributed with the forthcoming volume of the 
‘Cambridge Observations :’ a request with which he has readily 
complied. 

“It is also with much pleasure that the Council can state that 
the extension of the Society’s ‘ Catalogue of Stars,’ just alluded to, 
and which has been undertaken at the suggestion and at the expense ° 
of the British Association, is in great progress, and will probably be 
completed before the next anniversary. It is intended that this en- 
larged catalogue shall contain not only every known star in the 
catalogues a Hevelius, Flamsteed, Bradley, Mayer, Lacaille, and 

Zach, but also every star, in any of the more modern catalogues, of 
the sixth magnitude, in whatever part of the heavens it may be 
situated, and every star in such catalogues not less than the seventh 
magnitude, within 10° of the ecliptic ; together with every other 
star that, from its peculiar position, suspected proper motion, or 
other extraordinary circumstance, may be deserving of being thus 
recorded, and pointed out for further observation. 

«* In the execution of this work, considerable assistance has been 
afforded by the four several catalogues published by Mr. Thomas 
Glanville Taylor, at Madras. The second of those catalogues con- 

tains nearly all the stars in the Society’s catalogue, visible in that 
latitude; and the last two exhaust nearly the whole of Piazzi’s cele- 
brated catalogue. ‘The total number of stars contained in these 
four volumes is upwards of 8800 ; most of which have been observed 
more than once, and many of them more than five times. The 

whole have been of essential advantage in completing and perfecting 
the extension of the Society’s catalogue above mentioned: since it 
has enabled the computers not only to verify the positions of nearly 
all the stars, but also, in most cases, to deduce the proper motion 

(if any) that belongs to each of them respectively. The establish- 
ment of this observatory is highly honourable to the East India 
Company, and the fruits which it has produced reflect great credit 
on the zeal and assiduity of Mr. Taylor, the active superintendent. 

« Another subject also undertaken by the British Association, is 
the reduction of the stars in the ‘ Histoire Céleste’ (a work con- 
taining about 50,000 observations), together with the annual pre- 
cession annexed to each star. About one-half of this work 
is already executed; and, when completed, it will afford a ready and 
convenient reference to almost all the stars (not cireumpolar) that 
are visible in this latitude with an ordinary telescope. The positions 
of the stars are reduced to the epoch 1800, by means of the very 
convenient tables of M. Schumacher; a work which renders it 
scarcely necessary that the computations should be done in dupli- 
cate ; for, as every star will be referred to its original authority in 

the printed work, the astronomer will have an easy and ready mode 

of verifying any suspected result, and of rectifying any error that 
may be discovered, 
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«« To the British Association also, astronomers are indebted for 

another work of a similar kind: namely, the reduction of all the 

observations of stars made by Lacaille at the Cape of Good Hope. 

It is well known that only 1942 of those stars were reduced by La- 

caille himself, and formed into a catalogue, which is printed at the 
end of his ‘Calum Australe Stelliferum :’ but the great mass of his 
observations, consisting of upwards of 10,000, have never yet been 
reduced, although they are of equal authority with those in the pub- 

lished catalogue. The execution of this work is proceeding under 
the direction of Professor Henderson of Edinburgh, who has been 

kind enough to supply the elements for the reduction, and to super- 
intend the process of the computations: and there is every reason 
to believe that Lacaille’s new and enlarged catalogue will, as far as 
the stars in the old catalogue are concerned, be more entitled to 

confidence (since it is founded on more accurate elements) than the 
original catalogue published by Lacaille himself. It will, moreover, 

contain a great number of other stars of equal authority, unknown 

to astronomers till the appearance of the recent catalogue of Sir 
Thomas Brisbane. 

« Connected with this subject is another work of great interest, 
likewise proposed by the British Association; namely, a revision of 
the nomenclature of the stars, and of their division into constella- 

tions. It is well known that much confusion at present exists in 
the notation that has gradually crept into practice : a notation now 
without order, system, regularity, or uniformity. Hevelius was the 

first to break in upon the arrangement of the constellations as pro- 
pounded by Ptolemy; and Flamsteed (or his editors), although he 
did not disturb the order or number of the constellations in the ca- 
talogue of Heyelius, yet introduced some confusion by inserting 
stars in one constellation that had previously been considered as 
belonging to another: Bayer’s mode of indicating the relative mag- 
nitudes of the stars in each constellation was in a great measure 
lost sight of; and thus the way was led for that mass of confusion 
which is contained in Bode’s large catalogue of 17,240 stars. In 
the southern hemisphere, we find Halley and Lacaille introducing 

totally new constellations, frequently overlapping each other, and 
the stars themselves indicated by such a profusion of letters (many 
of them precisely similar and several times repeated in the same 
constellation), that it is often difficult and not always possible to 
identify them. With the view of applying a remedy to this species - 
of scientific annoyance, the British Association has appointed a 
Committee, and placed funds at their disposal, for a new arrange- 
ment and classification of the stars ; preserving as much as possible 
the old constellations, and Flamsteed’s system of numerical order ; 
but correcting gross errors in such arrangement, and confining 

the adopted constellations to known and definite limits. The 

present time appears peculiarly favourable for such an undertaking, 

when so many catalogues are about to be formed into one uniform 

system. Those only, who have had much experience in such mat- 
ters, can fairly estimate the convenience and advantage to be gained 
by such a reform. It is to be hoped that one of the leading mem- 
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bers of the Committee will favour this Society with his views and 
proposals on this subject, in order that it may have the opportunity 
and benefit of a free discussion, prior to the adoption of so important 
an alteration. 

« From amongst the several distinguished names that were pro- 
posed for the Medal this year, the Council have selected that of 
M. Plana, for his elaborate treatise entitled ‘ Théorie du Mouvement 
de la Lune:’ and they trust that this award will meet the approba- 
tion of the meeting. The medal will be delivered in the usual man- 
ner at the close of the meeting ; and the President will, in his ad- 
dress, explain the grounds on which the Council have formed their 
decision.” 

The President (Sir J. F. W. Herschel, Bart.) afterwards addressed 
~ the Meeting on the subject of the award of the Medal, as follows :-— 

Gentlemen,—The Report of the Council to which we have just 
listened (with the painful exception of the losses the Society has 
sustained in the persons of those respected and lamented members 
who have been so ably commemorated in that Report) is one caleu- 
lated to afford most lively satisfaction ; and it is so full and complete 
on every point as to have left me nothing to say, except on that one 
subject on which, by ancient usage, it has been considered right for 
the Chairman of this meeting to add a few words of explanation—I 
mean the award of the Medal for the year. 

The award of our medal for this year, gentlemen, to Signor Plana 
is an act, as it may at first sight appear, of somewhat tardy justice. 
Those great works on the lunar theory (for which that award is 
made), and on the perturbations of the planets, especially of Jupiter 
and Saturn, have now been so long before the public, that it may 
almost appear as if, in the dearth of matter of sufficient interest of 
later date, your Council had been ransacking the annals of modern 
astronomy to find something on which they might rely in a kind of 
inglorious safety for a justification of their award. 

This would be a very erroneous view, indeed, to take of this ‘sub- 
ject. So far from experiencing a lack of matter to choose from 
—so far from a deficiency of interest in the subjects which have 
shared the consideration of the Council in coming to the conclusion 
they have done—there have been, in fact, on probably no occasion, 
such powerful countervailing claims—and so far from seeking, in 

- this award, a merely safe and justifiable course—it has required no 
common share of boldness and decision in your judges to put aside 
those claims, in favour of M. Plana’s—of that boldness I mean which 
is based on justice and a long-sighted view of public utility. 

Before I proceed, therefore, to state the reasons which have 
weighed with the Council to take the step they have done, it will 
be right for me to mention, at least in general terms, two of the 

subjects which have chiefly divided their attention on the occasion ; . 
and this I am fortunately enabled to do, infinitely better than I 

could pretend to do it on my own knowledge and reading, by the 
aid of most excellent reports on those subjects laid before the 
Council by Professor Airy and Mr. Main—the one on the subject of 
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Professor Hansen’s general researches in physical astronomy, the 
other on Professor Bessel’s and Mr. Henderson’s observations on the 
parallax of those remarkable double stars, 61 Cygni and a Centauri 
—observations which it would appear, beyond question, have 
brought us to the very threshold of that long-sought portal which is 
to open to us a measurable pathway into regions where the wings 
of fancy have hitherto been overborne by the weight or baffled by the 
vagueness of the illimitable and the infinite. 

M. Hansen’s researches on the lunar and planetary theories are 
every way most remarkable, and seem likely to lead to results of the 
utmost generality and importance. He has attacked the great 
problem of three bodies (extended, in the conception and application 
of his methods, to the mutual perturbations of four) by a method 
entirely novel in its idea, although based on and starting from La- 
grange’s idea of the variation of the elements. Of this method, it 
would not be easy, in words unaided by symbolic expression, to give 
any distinct account; but its principle may be stated in general 
terms, as assuming not the elliptic elements, but the elliptic time, to 
be subject to perturbation ; or, in other words, as considering the 
perturbed co-ordinates, each to arise from the combination of inva- 

riable elements with a varied or perturbed time, the amount of whose 
variation shall exactly account for all that the variation of the ele- 
ments accounts for in Lagrange’s method. The mere mention of 
this refined and abstruse mode of conceiving the problem must suf- 
fice to show, that, to carry it into effect, must require at every step 
a contention of mind, a degree of intellectual effort, far surpassing 
what is required for the mere management of algebraic symbols and 
developments, however intricate. 

Whatever be the skill and dexterity, however, exhibited by the 
author of this truly original conception, and whatever promise it 
must be considered as holding out for the future advancement of our 
knowledge in this intricate research, it can hardly yet be regarded 
as having attained that extent of development which it will require 
to supersede in the construction of tables, and the actual calculation 
of the lunar and planetary perturbations, the methods already in use, 
which the researches of Clairaut, Laplace, Lagrange, Poisson, Damoi- 
seau, and Plana, have wrought up to such a pitch of practical per- 
fection. Hansen’s theory appears to afford what, in the actual state 
of our knowledge, must be regarded as most precious—a new handle 
by which to seize this refractory problem—one of universal applica- 
bility and gigantic power and purchase, but of which the manage- 
ment is not yet fully reduced to practice, and of which even the au- 
thor himself can scarcely yet be said to have acquired the entire 
mastery. In the theory of Jupiter and Saturn, indeed, the final 
numerical results are obtained, and tables calculated; but in the 
lunar theory, which (in the words of Mr. Airy) ‘‘ must be considered 
as the ground of his chief analytical triumph, there exist at present 
only what may be termed the foundations for such a theory.”’ ‘‘ No 
man living” (I continue to use the words of the eminent geometer 
last-mentioned), “‘ No man living, probably, except M. Hansen him- 
self, could work it into a complete lunar theory ; and the exhibition of 
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numerical results is here, therefore, still distant.’’ Let us hope that 
he will not long leave them so. 

On the other subject to which I alluded—the parallax of the 
fixed stars—it would be.doing an injustice to the valuable report of 
Mr. Main, which, as a beautiful specimen of astronomical history, 
I hope to see ere long adorning our Transactions, if I were to avail 
myself more largely of it on this occasion than is absolutely neces- 
sary. It has long been understood by astronomers, that the research 
of parallax ought not to be confined to the largest stars, but that, 
in order to determine our choice of stars for this research, other 
primd facie grounds for suspecting a proximity to our system ought 
to be taken into consideration; such as great proper motion, or, in 
the case of a double star, great apparent dimensions of the orbits 
described about each other. In the case of the double star 61 
Cygni, both these indications combine to point it out as deserving 
inquiry. In that of a Centauri they also conspire; for it is well 
known that this fine double star has a considerable proper motion ; 
and my own observations prove, that the mutual orbit described by 

its individuals about each other, is of unusually large angular di- 

mension. The great brilliancy of the star also, and its situation in 
a region of the heavens in which the stars, generally speaking, 
seem to be jess remote than in others, all favour the expectation of 
a measurable parallax being detected in it: and such Mr. Hender- 
son, from his own observations, assigns to it. I am not about to 

criticise this result; on the contrary, I am disposed to attribute 
much weight to his conclusion ; but it is only on a very long series 
of observations of absolute places, affected as they are by instru- 
mental error and uncertainty of refraction, that any conclusion of 
this kind can rest with security. 

Bessel has attacked the question in a different way, by measuring 
at all times of the year the angular distance of the stars composing 
the double star 61 Cygzi from two small stars visible in the same 
field of view, and within limits adapted to secure micrometrical 
measurement. ‘The method is unexceptionable, the measurements 
conducted with consummate skill, and their reduction executed 

with all possible regard to every thing likely to influence the result. 
And that result is, to assign a minute, it is true, but perfectly une- 
quivocal amount of parallax, in a way so striking as hardly to allow 
a doubt of its reality. Such is the impression on merely reading 
the numerical statement; but, put in the light in which Mr. Main 
has placed it, by the graphical projection of the measures, the con- 
clusion seems quite irresistible : 

«¢ Segnius irritant animos demissa per aures, 
Quam que sunt oculis subjecta fidelibus, atque 
Ipse sibi tradit spectator.” 

It may now be reasonably asked, If all this be so, why have your 
Council hesitated to mark this grand discovery with that distinct 
stamp of their conviction and applause, which the award of their 
annual medal would confer? <A problem of this difficulty and im- 
portance solved, so long the cynosure of every astronomer’s wishes 
—the ultimate test of every observer's accuracy—the great land- 

ES 
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mark and ze plus ultra of our progress, thus at once rooted up and 
cast aside, as it were, by a four de force, ought surely to have com- 
manded all suffrages. It is understood, however, that we have not 

yet all M. Bessel’s observations before us. There is a second 
series, equally unequivocal (as we are given to understand) in the 
tenour, and leading to almost exactly the same numerical value of 
the parallax, and not yet communicated to the public. Under these 
circumstances, it became the duty of your Council to suspend their 
decision. But, should the evidence finally placed. before them at a 
future opportunity justify their coming to such a conclusion, it 
must not be doubted that they will seize with gladness the occasion 
to crown, with such laurels as they have it in their power to extend, 
the greatest triumph of modern practical astronomy. 

M. Plana is well known to the astronomical world as the director 
of the Observatory at Turin, from which have emanated some valua- 
ble series of observations. In conjunction with M. Carlini, he also 

carried on that extensive and important triangulation of the Savoy 
Alps, which have made his name celebrated as a geodesist. His 
works, too, on many other subjects, both astronomical and purely 
analytical, are of great importance; particularly his investigations 
on the subject of refraction prefixed to the ‘ Turin Observations,’ 
from 1822 to 1825, published in 1828; those on the motion of a 
pendulum in a resisting medium, &c. But it is of his researches on 
the lunar theory for which our medal has been actually awarded ; 
and of these it behoves me now to speak; and I cannot do so in 
more clear, concise, and discriminating terms, than those used by 
Mr. Airy in his Report already alluded to :— 

*« The method pursued by Piana, in his ‘ Théorie de la Lune,’ is 
slightly, but not importantly, different (I mean in the fundamental 
equations) from those of his predecessors, Clairaut, Laplace, and 
Damoiseau. He first starts with the method of variation of ele- 
ments, and pursues it to such an extent as to ascertain generally 
the form of the expressions connecting the longitude, the latitude, 
and the time. He then reverts to Clairaut’s equations; and, as 
these equations require for the successive substitutions an approxi- 
mate expression for time in terms of longitude, he adopts a peculiar 
form (suggested by the variation of elements) for the principal part 
of it, and attaches to that principal part a subordinate part marked 
with the prefix 6. The same thing is done for the latitude. The 
process then is tolerably direct, and is almost similar to that of an- 
tecedent writers. In the fundamental algebra, therefore, there is no 
very great originality in the plan; but the mode followed in the 
detail of the work is beyond all praise. In the whole of the analy- 
tical combinations of this immense work, every part arising from the 
combination of any one term (however small) with any other term, 
is given separately, in such a form as to leave no difficulty in the 
detection of error to any careful examiner. The terms of peculiar 
difficulty (as, for instance, that depending on twice the distance 
between the node and the perigee) are made the subject of special 
discussion ; and, in some instances, the origin of discordance be- 
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tween the author’s results and those of Laplace is investigated with 
the same clearness which prevails through the other operations. 

“In one respect, the plan of investigation differs much from 
those of his predecessors, as well as from Hansen’s. The investi- 
gation is wholly symbolical : no numerical value is introduced, and 
no consideration of relation of values entertained, till the final sub- 
stitutions are made. As an example of theory, there can be no 
doubt of the beauty of this process. As a subject for practical ac- 
curacy, it may not be so certain whether it is advisable. The con- 
vergence of the series is sometimes extremely slow. As far as I can 
observe, the accuracy of this method is exactly and properly that of 
successive substitution: but, in various parts of the lunar theory 
(in all places where the terms rise two orders by integration), the 
method of successive substitution is not sufficient ; in fact, it is ne- 
cessary to assume a term in order to find its correct value. Adopting 
this method, however, the author has pushed it as far as, probably, 

it will ever be carried. The whole is worked to the fifth order, and 
some parts to the seventh order. 

“« Finally, the author has determined from observations the prin- 
cipal constants which require to be substituted in the symbolical ex- 
pressions, and has substituted them, and has thus produced a set of 
numerical expressions which may immediately be used for the for- 
mation of lunar tables. 

“« In terminating the remarks on the works of these two authors, 
Plana and Hansen, I must again express my very great admiration 
for both. But their merits are of very different kinds. The theory 
of Hansen is undoubtedly of the higher order, but it can hardly yet 
be said to be practical (at least in the lunar theory): many years 
will yet elapse before it will influence the lunar tables. The theory 
of Plana is very good, and probably adequate in all respects: it is 
eminently practical in form: it has already influenced the investi- 
gations of other writers, and will probably soon influence the 
tables.” 

There is but one thing more to add to this clear and powerful 
summary, and I will supply it by a quotation from the work itself :— 

“ Je n’ai pu me faire aider par personne; j’ai du traverser seul 
cette longue chaine des calculs, et il n’est pas étonnant si par 
inadvertence j’ai omis quelques termes qu'il fallait introduire pour 
me conformer a la rigueur de mes propres principes.” When we 
look at the work itself there seems something almost awful in this 
announcement. 

A very important memoir of M. Plana, on the theory of the pla- 
netary perturbations, has adorned the Transactions of this Society. 
The points of which it treats are miscellaneous, and some of them, 
perhaps, not of the highest importance, except in one point of view, 
and that, perhaps, the most important of all. Every one who is at 
all conversant with these researches must be impressed with the 
enormous interval which separates—I will not say the mere differ- 
ential equations of the planetary motions—but their integrals after 
much and intricate development—from the final numerical results 

a i i i i i 
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on which their tables are to be constructed; that is to say, the 
computed values of the coefficients of terms having the same argu- 
ment, when assembled from all the points whence they arise in 
the algebraic processes and amalgamated together. M. Plana ap- 

pears to have proposed to himself the gigantic task of revising and 
correcting not only those algebraic developments, but the actual 
numerical calculations of the whole ‘ Mécanique Céleste;’ and this 
paper contains many examples sufficiently proving the necessity of 
such revision, and leading the way to those further and more elevated 
researches on the theory of Jupiter and Saturn, to which the latter 
part of this memoir must be considered as having given occasion ; 
and which are further developed in several other memoirs published 
in various academical and other collections. 

Neither the time nor the nature of this occasion would allow of 
my entering into any history of the controversy to which the revi- 
sion thus set on foot, and the discordant results arrived at in this 
memoir, gave occasion. Suffice it to say, that errors—venial, no 
doubt, and such as it would be miraculous did they not exist— 
were discovered on all sides, and the absolute necessity established 
not merely of a thorough revision of every part of these immense 
computations, but of printing and publishing the steps in that regu- 
lar and methodical form, which alone can put it in the power of 
subsequent calculators to lay their finger on the precise point where 
error shall have crept in; and to resume the calculations from that 
point without sacrificing the whole of what precedes. 

It is this methodical clearness—this letting in of the light on 
every dark corner of every intricate combination and heart-breaking 
numerical calculation, which may be regarded as marking from this 
time a new era almost in the planetary theory itself. Inthe ‘ Méca- 
nique Céleste,’ we admire the elegance displayed in the alternate 
interlinking and development of the formule, and exult in the 
power of the analytical methods used; but when we come to the 
statement of numerical results, we quail before the vast task of 
filling-in those distant steps, and while cloud rolls on after cloud in 
majesty and darkness, we feel our dependence on the conclusions 
attained rather to partake of superstitious trust, or of amicable con- 

fidence, than of clear and demonstrative conviction. Let me not be 
misunderstood as by these expressions casting any reflection on the 
conduct of that immortal work. The surest proof of its titles to 
such immortality which can be given, is that microscopic examina- 
tion subsequently lavished on every point embraced in its immense 
outline. It is no disparagement to the agriculturist, whose energies 
have extirpated the wilderness, and established in its place cultiva- 
tion and wealth, that a period shall arrive when his furrows shall, 
in their turn, be replaced by the garden, and his system of culture, 
by a measured and calculated succession. Neither would I be un- 
derstood to lay the sole stress of our applause of M. Plana’s re- 
searches on the luminousness of their statement. His analysis is 
always graceful, his combinations well considered, and his con- 
ceptions of the ultimate results to be expected from them perfectly 
just, and justified by the results when obtained. 
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It cannot but be agreeable to this meeting to know that our 
award is duly appreciated by M. Plana himself, and regarded by him 
in the light which it is ever most desirable it should be,—as a 
stimulus to fresh researches and further exertions of his powerful 
talents in the same line where they have already reaped so rich a 
harvest. No sooner had the Council decided on their award, than, 
as in private regard no less than in public duty bound, I communi- 
cated to him the result; and his reply, which breathes the warmest 
spirit of attachment to the Astronomical Society, and of undimi- 
nished zeal in his own peculiar line of research, is now before me. 
In the absence of any personal friend to receive it for him, I shall 
now, therefore, present our medal to Mr. Rothman (in the absence 
of our Foreign Secretary, Captain Smyth), in his name, and request 
him to forward it to him, with our best wishes for his health and 

happiness. 

XXXI. Intelligence and Miscellaneous Articles. 

ANALYSIS OF CHYLE AND LYMPH. BY G. ©. REES, M.Dsy F.G.S.,y 

ETC.* 
gee following analyses of chyle andlymph have lately been made 

by Dr. Rees, with the view of ascertaining what those ingredi- 
ents of chyle are which disappear from the lymph, and which are 
consequently of most service for the nourishment of the body. The 
fluids were both obtained from the same animal immediately after 
death. The subject of experiment was a young ass, which was killed 
by a blow on the head about seven hours after taking a full meal of 
oats and_beans. ‘The chyle was taken from the lacteal vessels before 
entering the thoracic duct, and was therefore free from lymph ; the 
lymph was from the absorbents of the lower extremity. Analysis 
yielded the following results :— Chyle. Lymph. 

RUVia tens tin 6 tir erates Giencgat ows 90°237 96°536 
Albuminous matter .......... 3°516 1:200 
PUbTINOUS AMACEL fee hace se jokeense kes 0°370 0°120 
Alcoholic extractive ...... Lucien SO OSe 0°240 
Aqueous extractive .......... 1233 1:39 
Batya bCer 5 je <n. fepeveretyeraisjayare 3°601 a trace only. 

alkaline, chloride, sulphate 

Salts ' and carbonate, traces of 0'711 0°585 
phosphate, oxide of iron. . —— —- 

100:000 100:000 

On these analyses Dr. Rees makes the following observations :— 
The albuminous matter, as obtained from the chyle, contained a 

substance in admixture which gave it a dead white colour, and which 

Dr. Rees is inclined to believe is identical with a substance existing 
in the saliva. It may be obtained from both the chyle and saliva 
by agitating them with ether, when the peculiar principle appears 
floating above the inferior stratum of fluid. Iron was found in con- 
siderable quantity in the aqueous extractive of chyle; and Dr. Rees 

* Abstract from the Med, Gaz- for Jan, Ist, 1941. 
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throws out the suggestion, whether this peculiarity in the locus of 
iron may not in some way relate to the absence of the red colouring 

matter of the blood. The colour of chyle has been generally sup- 

posed attributable to the fatty matter contained in it; Dr. Rees, 

however, is of opinion that the white matter mentioned above as 
analogous to that existing in the saliva, has a considerable share in 
the production of the opake milky character of the chyle. 

NEW MINERAL FROM LANGBANSHYTTA, NEAR FAHLUN; DE- 

SCRIBED AND ANALYSED BY PROFESSOR O. B. KUHN OF 

LEIPZIG. 4 

This mineral lies immediately on a grayish-black mass, of a me- 
tallic lustre, which contains oxide of iron, but no trace of arsenic ; 

and this mass itself lies on fine-grained bitter-spar. 
The colour of the mineral is in some places like pale honey, in 

others dirty white ; but there are no definite limits between two dif- 

ferently-coloured parts. Itis of a waxen lustre. Its specific gravity, 
determined in water, is 2°52; its hardness between 5 and 6; it is 
brittle and easily pulverized ; only in one direction could I perceive 
foliated cleavage; in that one the fragments are tolerably even, but 
in all other directions it splits unevenly. 

Heated by itself with the blow-pipe it becomes gray, but does not 
melt even at the edges; heated in a glass tube it does not yield the 
smallest quantity of water; with borax and phosphoric salt it effer- 
vesces, and a smell resembling that of arsenic is evolved ; both glasses 
are, when melted on platina, transparent, and in every respect nearly 
colourless; with soda there is, in like manner, effervescence ; and 
indications of manganese are more or less strongly marked in differ- 
ent specimens. 

In nitric acid it is perfectly soluble, with greater or less efferves- 
cence, in different specimens, though it is in all but trifling: in the 
fluid we can detect lime, magnesia, some manganese, besides a trace 
of iron and much arsenic acid: also a trace of chlorine. Fluorine 
was not to be found in the mineral. 
Three analyses have given the following results expressed in num- 

bers :-— 
ime Ss... ASS Sag Dk LO ae Dlcok 20°96 
MIASHEMA § 3.2. oe ene 15°68 17:07 15°61 
Protoxide of manganese.... 2°18 4°26 
Iron, only a trace .......: 
Arsenic acid .......... AE Poet 56°56 
Loss by ignition.......... 0°30 2°95 
Insoluble matter.......... 0°23 

99°85 99°57 

Though the last analysis was even made with the greatest possible 
care, still the great difference between the quantities of lime and 

manganese cannot be accounted for; still more the quantity of 

manganese varies in different parts, which, indeed, might be ex- 

pected from its external appearance ; and then, according to the 

law of isomorphism, it replaces an equivalent quantity of lime, We 
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may assume, with certainty, that it is carbonic acid which is lost by 
ignition, but we cannot determine with which base it had been com- 
bined; most probably with all three, for the three sorts of carbonates 
are foundin almost immediate contact with each other. Now if we cal- 
culate on the lastvalues obtained, being the morecarefully determined, 
and if we assume that the three bases are combined with the quan- 
tity of carbonic acid in the same proportions in which they are found 
throughout, then the lime becomes 1°21 ; magnesia 0°90; and pro- 

toxide of manganese 0°25. After subtracting these carbonates and 
the insoluble matter, the remaining constituents give the following 
proportions, to which we shall add the twofold calculation from the 
atomic weights, and from the quantity of oxygen present in each body. 

Ca Oe... flag D. a0 90); 20 Ol a ores 
MgO.... 7 1442 15:11 15°50 6:02 >12°81 3 
MnO.... 1° 385°7 3°74 4:22 0°95 
As O.k.. 10 575°0 60°25 59°47 20°69 5 

954:4 100°00 100:00 

The formula hence derived is 
13CaO + As Ost) 4 C4 Mg O + As 0,3 
zs Mn O. 7s MnO 

or, after the mode of Berzelius, 
3-Ca O 
3 MgO i As, O,. 
3 MnO 

This mineral requires a particular name as a new combination. 
Neither the composition nor the external properties are sufficiently 
marked to be expressed by it. I shall therefore make use of a cus- 
tomary resource in mineralogy, and call the substance after one who 
has advanced the science; and as no one doubts that Berzelius, who, 

through the invention of the doctrine of proportions and the for- 
mation of formule, as well as through his innumerable most accurate 
analyses of mineral bodies, has done so much true service to mine- 

ralogy, should be awarded as much honour as those whose names 

are only brought into the science through the friendship or partiality 
of some mineralogist, I do not hesitate to propose calling this new 
compound, first found in Sweden, by the name of Berzeliit. 

REMARKABLE SOLAR BOW. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 
The following account of a meteorological phenomenon of, I be- 

lieve, rather a rare character, may not be uninteresting to you. 
Being at St. Day with J. S. Enys, Esq., on the afternoon of De- 

cember 24th, 1840, my attention was called by that gentleman to a 
solar arc in the west. Around the western horizon were broken 
masses of cumuli, between and above which the sky was deeply blue, 
and with the exception of a few light cirri, quite free of clouds, 
The sun was not more than ten degrees above the horizon; and, at 
an angle of not more than 12 degrees between the hills to the west of 
St. Day, appeared the limb of a solar bow, strongly painted, but 
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deficient of the ‘rays of greatest refrangibility, or rather from the - 
singular crimson character of the portion occupied by the red ray, 
it appeared as if the spectrum was doubled on itself, and the violet 
mingled with the less refracted rays. The very remarkable appear- 
ance and situation of the bow necessarily attracted the attention of 
many persons, and some who saw it from Falmouth harbour, de- 
scribed it to me as being nearly in a line with the sun. 

It is necessary to notice, that no rain was falling: the day was 
unusually fine for the season; and the temperature, which had 
during the day been above the freezing point, was then certainly 
below it. Over the hill on which this phenomenon appeared, was 
slowly spreading the lightest possible veil of vapour, so thin that 
a casual observer would have stated that the rays were painted on 
the most transparent air. It has been suggested, that the phzno- 
menon was produced by an image of the sun reflected from some 
of the clouds behind the orb itself, and it certainly appears to me 
highly probable that such was the case ; and from its similarity to 
some of the phenomena I have observed in my experiments on 
polarized light, I am almost inclined to look upon it as an instance 
of atmospheric polarization. 

I expect the frost bows, of which some accounts have recently 
been given, are of analogous character to the bow I have described. 

I remain, Gentlemen, yours, &c. 
Rozsert Hunt, 

Falmouth, Jan. 2, 1841. Secretary Royal Corn, Polytechnic Society. 

METEOROLOGICAL OBSERVATIONS FOR DEC. 1840, 
Chiswick.—Dec. 1. Hazy: overcastand mild. 2, Very fine. 3. Frosty : fine. 

4. Sharp frost: overcast. 5,6. Hazy. 7. Overcast. 8. Rain. 9. Frosty : 
clear, 10. Thawing: hazy. 11. Hazy. 12,13. Overcastand cold. 14, Sharp 
frost. 15. Dry frosty air. 16. Overcast: snowing. 17, Snowing: cloudy: 
severe frost at night. 18, Frosty: overcast and cold. 19. Hazy: rain, 20,21. 
Overcast and cold. 22—94, Severe frost. 25. Intense frost: Dense fog. 26. 
Thick hoar frost. 27—29, Foggy. 30. Clear: cloudy: rain at night. $1. 
Cloudy : clear and fine. 

The mean temperature of this month was lower than that of any December 
within at least the last forty years. 

Boston.—Dec. 1. Cloudy: rain early a.m, 2—4. Fine. 5—7. Cloudy, 8 
Rain: rainearly a.m. 9. Fine. 10—13, Cloudy. 14. Cloudy: snow p.m. 
15. Cloudy: snow a.m. 16. Snow. 17,18, Cloudy. 19, Rain. 20, 21. 
Cloudy. 22—24. Fine., 25—29, Cloudy. 30. Fine: rainr.m. 31. Fine. 

This is the coldest December since 1829. . 
Applegarth Manse, Dumfries-shire—Dec. 1. Raw but fair. 2,3. Fine and 

fair. 4, Slight showers. 5,6. Drizzling. 7. Wet and stormy. 8, Fair, but 
cloudy. 9,10. Fair, but wet preceding night. 11—13, Fair throughout. 
14—16. Hard frost. 17. Thaw, with slight drizzle. 18, Frost again. 19, 
Slight frost a.m. : drizzle. 20. Frost: Aurora Borealis, 21—¢4, Frost, 25. 
Frost a.m.: thaw r.m. 26, Frostagain, butcloudy. 27, Thaw a.m: cloudy 
anddark. 28. Frost but slight. 29. Frost—moderate. 30. Thaw and snow. 
31. Raw and drizzly. 

Sun shone out 21 days. Rain fell 9 days. Snow 1 day. Frost 14 days. 
Wind north 1 day. North-north-east 1 day. North-east 74 days. East-north- 

east 1 day, East 4 days. East-south-east 3 days. South-east 3 days, South- 
south-east 1 day. South 1 day. South-west 34 days. West-south-west 1 day. 
West 2 days. North-west 2 days, 

Calm 12 days, Moderate 8 days. Brisk 6 days, Strong breeze 1 day, 
Boisterous 4 days, 
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XXXII. On certain points in the Theory of Undulations, re- 
lated to the Hypothesis of the Symmetrical Arrangement of 
the Molecules. By the Rev. Baven Powet1, M.A, F.R.S., 
§c., Savilian Professor of Geometry, Oxford*. 

(1.) AMONG the numerous and important accessions 
which have of late years been made to our know- 

ledge of the theory of light, and the chief of which have from 
time to time found a place in the pages of this Journal, not 
the least valuable have arisen out of the free discussion of 
points of difficulty or objection, whether affecting the stability 
of the theory itself, or referring to the structure of some of its 
subordinate parts. 
Among such topics, my present remarks relate to one 

which some time since struck me as of peculiar importance; 
originating in the first instance in the researches of Mr. Tovey 
on elliptic polarizationt, and further illustrated by several 
communications from Sir J. Lubbock +, yet involved in some 
difficulties, from which I do not think anything hitherto pub- 
lished has completely relieved it. 

(2.) More precisely: Mr. Tovey’s investigation § involves an 
important principle, viz. the existence of a relation between 

the peculiar supposed arrangement of the molecules of the 
getherial medium in space, and the nature of the vibration as 
elliptic or rectilinear. The character of such arrangement is 
indicated mathematically by the presence or evanescence of 
certain terms in the differential equations. These terms had 

* Communicated by the Author. 
+ L. & E. Phil. Mag. vol. xii. No. 71. Jan. 1838. 
} Vol. xi. No. 69. Nov. 1837; Vol. xii. No. 71. Jan. 1838; Vol. xv. 

No. 97. Noy. 1839. 
§ While this sheet was passing through the press I have been informed 

by a friend, that fresnel adverts to a similar principle, but the time does 
not allow of my referring to it now more particularly, 

Phil, Mag. S, 3. Vol. 18. No. 116. March 1841. M 



162 Professor Powell on certain points 

been regarded as evanescent by M. Cauchy and others: and 
this as a consequence derived from the hypothesis of a unz- 
form distribution of the ztherial molecules in space. Mr. 
Tovey’s object in the paper referred to is to show that when 
this is not the case, elliptic polarization is the result. 

Highly valuing this investigation, but conceiving that the 
remarkable conclusion was not so fully explained as its im- 
portance seemed to render desirable, in a paper inserted in 
the Phil. Trans. for 1838, part ii.*, I endeavoured to establish 
and further elucidate the conclusion by what seemed to me a 
more direct and perspicuous method. 

The intimate connexion between these theoretical views 
and the important points discussed in the brief but masterly 
papers of Sir J. Lubbock, was soon rendered evident. The 
direct object of these papers was chiefly the illustration of 
Fresnel’s views respecting the axes of elasticity and the wave 
surface; and there appeared at first sight some degree of con- 
tradiction between these deductions and the views just re- 
ferred to. I endeavoured to draw attention to the difficulty in 
a short communication to the British Association at Birming- 
ham, 1839+. 

In consequence of some correspondence and further dis- 
cussion, I drew up a supplement to my last-named paper, 
which was inserted in the Phil. Trans. 1840, part i., in which 
I pointed out the modifications which the former conclusions 
would receive in connexion with the principles thus elucidated. 

This supplement, however, was very brief: other points 
also appeared to call for further notice, and the whole inves- 
tigation seemed to require re-casting. My present object is 
therefore to offer in the first instance a general review of the 
main investigation in such a form as I trust may meet all the 
difficulties which have been urged; and further, to point out its 
bearing on the several topics with which it stands connected. 

(3.) To express undulations we shall suppose the common 
formulas adopted for the vibration of a single molecule of 
sether, the assemblage of which expressed by the summation 
=, represents a ray of light: and as in all the investigations 
on this subject, if § 4 ¢ be the displacement of a molecule in 
the direction of the three rectangular axes of # yz, and 
further if we take the ray as coinciding with the axis 2, then 
on the principle of transverse vibrations, we have 

E=0 
=> a sin t—kea 

: = = ban inte! at 
(1.) 

[* Of which an abstract appeared in L, & E. Phil. Mag. vol. xiii. p. 222. 
—Enit.] 

| See Sectional Proceedings, p. 3. 
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where ¢ is the time from the commencement of the disturb- 
ance, while the velocity of the propagation of the wave is 

n 1 2% 
expressed by v = prey (2.) and k = ou (3.) 

A being the wave-length in the medium. 
In common or unpolarized light the vibrations are in all 

possible azimuths round 2; hence the coefficients « and 6 
are wholly arbitrary and independent. 

In plane polarized light we have, on Fresnel’s principles, 
a= Acosz B=Asinz (4.) 

whence 7 is the angle formed by the plane of vibration with 
another plane, which he terms the plane of polarization: also 
the squares of the amplitudes expressing the intensities of light, 

; Be ck Ber Ae 

The formulas in this case represent two rays polarized in 
planes at right angles. 

If we consider only one ray wholly polarized in either 

Py : A ; 3 A Ws 
plane, it is equivalent to supposing either 7 = 0, or 7 = > 

or that one of the formulas disappears. (5.) 
M. Cauchy, Professor Maccullagh, Mr. Tovey, and other 

mathematicians term the plane of polarization that zn which 
the vibration is performed. M. Fresnel uses the same term 
to signify the plane perpendicular to this. This difference in 
terms, however, involves consequences which affect the sub- 
sequent applications of the theory*. But this will not influence 
our present investigation. 

In the case of elliptical vibrations we have to consider not, 
as in the other cases, a rectilinear displacement and its re- 
solved parts, but a curvilinear displacement, which is the re- 
sult of two virtual rectilinear displacements at right angles to 
each other, and in a plane perpendicular to the ray, and one 
of which is retarded behind the other by an interval d. Thus 
the expression will be 

y = Y [asin (nt—ka)] 6 
¢ = 3 [6 sin (nt—hkx—b)], (6.) 

in which, taking a single term, and substituting, we readily find 
the equation to the ellipse described by a vibrating molecule, 
the origin being at the centre, the conjugate axes parallel to 
the coordinate axes of y and z, and their values being 

asin b = } axis 8 sin 6 = 3 conj. axis (7.) 

* See L. & E. Phil. Mag. and Journal of Science, vol. xii. No. 74, p. 259, 

M 2 
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This constitutes elliptically polarized light: if « = 8, it is cir- 
cularly polarized. 

The retardation 6 is constant for the whole ray; and if we 
suppose that for all the ellipses the values of « and of B re- 
spectively are equal, these quantities will become constant co- 
efficients in the summation, and we may write 

Big ie SR=hB (8.) 
And the formulas (6.) will become 

y = a > (sin (nt—k 2)) 9 
¢= 6 > (sin(nt—ka—D)). oe. 

(4.) In order to obtain the equations which express the 
motions of a system of molecules, connected by their attractive 
and repulsive forces so as to form an elastic medium, (which is 
the idea originally pursued by M. Navier and since by M. 
Cauchy and others,) I will suppose the same method followed 
as in all these investigations, and which it will not be neces- 
sary here to repeat; these equations in their general form will 
be found in several papers in this Journal, as in my abstract 
of M. Cauchy* (though in a different form); in Mr. Tovey’s 
paper }; or again in my paper in the Phil. Trans. 1838, part ii. 
eq. (13.), and in Mr. Kelland’s memoir, Camb. Trans., vol. vi. 

- 158. 
: When we adopt the supposition of the ray coinciding with 
x, as above, the equations in question are 

2 

ap = ME [0 (7) Ant (7) Ay(Ay Ant Az AH] (10) 

SE = mS [9 (r) L+H") Az (Ae Att AyAn)), (11.) 
where m is the unit of force, » the distance from the molecule 
first agitated, Ay Az the differences of coordinates of the 
molecules from the first, Ay Ag the corresponding differ- 
ences of the displacements. 

It is also material to observe, that these equations have been 
obtained without any particular supposition being made as to 
the arrangement of the molecules in space: they consequently 
apply if we imagine the molecules distributed in the most irre- 
gular or unsymmetrical manner. 

(5.) If we consider the two component displacements » ¢ 
which enter the above equation as related in the way ex- 
pressed by the formula (6.), 

4 = = [asin (nt—k 2x) ] 
¢ => [sin (nt—ka—S)] 

(in which, if «@and 6 are assumed as before explained, we 

* L, & E. Phil. Mag. and Journal of Science, vol, vi. No, 31, p. 25, 
+ Ibid, vol. viii, No. 43. 

Oe ii Oe 

7 
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can express the varieties of elliptically or circularly polarized 
light,) it is easy to show this formula is the solution of the 
differential equations in the form just given (10.) (11.), if 2 
have a certain value, which we proceed to determine. 

Taking the increments of these expressions, we have 

‘ Arges 
[ -2sin® Te * sin (nt—k x) 

Ay=> a (12.) —sin kA x cos (nt—kz) | 

SA a0 {s {6 cos | —2 sin? 2" sin (nt_z2) | 

—sin k Ax cos (n t—ke)] b 
Af= ‘ ; r( 3.) +> {6 sin & [ sinkAw sin (nt—k x) 

—2 sin? — cos (nt—Ka) |b. J 

Also differentiating them, we find 
d*y . 7p = — n> asin (nt—k 2) (14.) 

= —n° > {Bcos b sin (nt—kx)—B sind cos (nt—ka\}(15.) 

Now for brevity writing 

P= o(r)+ (7) Ay 
P= o(r) + W(r) Az? 
gq =(r) AyAz (16.) 
20=kAx 

the equations (10.) and (11.) will be expressed by 

Tp =m (S(pAn) +3949] (17.) 
oe =m [E (AO + 3 (¢An)]. (18.} 

And here substituting the above values of A 4 A & and ar- ranging the terms, these equations become 

(+ sind & [Bq sin 20] ). 
| — cosb [By 2 sin? 6] \sin (ut—k x) a gir = [ap 2 sin®. 6] 
_ S[ap sin 2 6] (19.) 
|= cosb= [Bq sin? 6] ‘cos (nt—k x) 

— sin d= [6q2sin? 6] 
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+ sind ([6p' sin2 d| 
— cos b> [6 p' 2sin*0| >sin(nt—k ev) 

Co _mji— [ag 2sin°6] 
dt 4 ~ (aq sin2 6] (20.) 

cos (nt—k 2). | — cosbS (6p! sin 26] 
— sind (Bp! 2sin?é] 

On comparing these expressions with those for the same 
functions (14.) (15.), which must be identical, and equating 
the respective coefficients of sin (nt—k x) and of cos (nt—k a), 
since they must hold good for all values of those terms, we 
have the following equations: 

+ sind > [6q sin 2 @] 
—n a= m< — cosh [Bq 2sin? 6] (21.) 

- > [ap 2 sin’ dé] 

— > [ap sin 26] 
0 = m< — cosh [Bq sin2@] (22.) 

— sin b> [Bg 2sin? 6] 

+sinbd([Bp'sin20) — 
—n cob} B= m4 — cosh = [Bp'2sin*6] (23.) 

— > [ag 2sin® 0} 

—_ > [ag sin 2 6] 
—n* sinb= 6B = m< — cosh [Bp’ sin2 6] (24.) 

— sin b> [6 p! 2 sin*6é] 
From the two last forms (23.) (24.), by multiplication and ad- 
dition, we obtain 

— > [6 p! 2sin? A) 
—n”> B= m4 — cosbd [ag 2sin?6] (25.) 

—snb&d [eq sin’ | 

In the case of elliptic polarization from the conditions be- 
an (7, 8, 9), we can obtain from the forms (21.) and 
(25.); 

aes m p? > [p’ 2 sin? 4] 
~ h(a +B?) < + 2 > [p 2 sin? 6] (26.) 

+2coshaB [gq 2sin? | 

Also the form (24,) gives, on transposing, 

m [a> (g sin2 @)+6 cosh > (p' sin 2 @)} 
n°hB—m B (p! 2sin? 6] (27.) 

Upon the whole, then, we see that the formula (9.) for el- 
liptically polarized light, involving the above value of 7, is the 
solution of the differential equations (10.) (11.) for the motion 
of a system of molecules constituted as at first supposed. 

sin b = 
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It is important to bear in mind that this solution has been 
obtained solely from the conditions of elliptic polarization, the 
original equation being in the forms (10.) (11.) retaining all 
its terms. 

(6.) If instead of the formula (9.) we had taken the ex- 
pressions for the component displacements y €, as not in- 
volving such a relation, but simply as in the original expres- 
sions (1.), or supposing 6 = O in the forms (6.), we might 
still pursue steps analogous to those above exhibited, though 
with different values. ‘To trace these results we have only to 
alter these formulas agreeably to the new conditions. Thus, 
for unpolarized light, on making sin’ = 0 cos 6 = 1, we 
have 

from (21.) Newer af rom (21.) O= —m a p 2 sin* 28. 
: mts) S18 2 sin? “y ie 

from (22.) 0 = ig : ee aan 4 A (29.) 

> [6 p' sin 20 
= Shenae (80.) 
n> B 

from (23.) 0 = ‘ce > [6 p! 2 sin® op (31.) 
—m > [ag 2sin® @] 

Now in all these equations it is evident that since « and 6 
are by the original condition wholly arbitrary and independent 
both of each other and of the other quantities, these equations 
can only hold good for all values whatever, of « and 8, if each 
of the terms involving respectively « and 6 are separately 
= 0, that is, we must have 

from (24.) 0 4) 

0=Ss/la in 20 $2. 

from. (28-) ie is Hae bin 24 aa 
: o=> ‘sin2 0 34. 

Fram AGO Y) fs => ee sin 2 61 er 
from (28.) 0O= & [Pq 2sin? @] (36.) 

from (31.) O=2% [eg 2sin? O] (37.) 
from (28.) O=nSa—m>([ap2sin’@] (38.) 

from (31.) O =n? >B—m>[6p'2sin® 6]. (39.) 

Hence the formula for unpolarized light is only a solution, 
provided those conditions are fulfilled in the original equa- 
tions. 
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From the last two forms (38.) (39.) we have 

n? = = Slap 2sin?O]. (40.) 

iS = oF > [6 p' 2sin® 6]. (41.) 

For plane polarized light from the conditions (5.) let 
6 = 0, and the form (22.) will become 

= > [a psin 20]. (42.) 
In like manner (23.) will give 

0 = % [eg 2sin’ 6] (43.) 

and (24.) 0 = & [ag sin 26]; (44..) 

while from (21.) we find 

9 n= = > [a p Qsin® 6]. (45.) 

Hence the formula for plane polarized light is only a solution, 
provided these conditions are fulfilled in the original equa- 
tions. 

Since A y and A Z are both of the form 
M sin 20 + N 2sin? @, 

the above conditions give 
= (gAn) =0 (46.) 
> (¢A 4 — eb (47. ) 

Thus when they are fulfilled in the terms of the original 
equations, those equations become, for unpolarized light, 

a= 2 (pad (48.) 
d? 

while for plane polarized light the second of these forms dis- 
appears. 

(7.) Now recurring to the supposed constitution of the me- 
dium, to examine the conditions under which these terms can 
vanish, we may first observe, that since none of the factors 
can separately become = 0, the terms can only become no- 
thing by sums with opposite signs being equal and destroying 
each other. 

That this may happen depends on an hypothesis respect- 
ing the arrangement of the etherial molecules in spaces, viz. 
that they are distributed uniformly. This is the supposition 
adopted by M. Cauchy and other writers, 



in the Undulatory Theory. 169 

On this hypothesis the axis x passing through the first 
molecule m in-any direction, the sums of the corresponding di- 
stances of all the other molecules on each side of it, whether 
in the plane of y or z, will be equal for all positions of « in 
the medium. 

It is easily seen that the respective sums of products 

orsn20 wbrAysin2@ brA2z*sin20 

brAyA zsin 20 

with opposite signs will be equal. Thus we shall always have 

> [egsin2 6] = 0 
ot. (50.) 
0 

= [a p sin 26] 
> [a p'sin 2 6] 

Whenever these terms are evanescent, it is easy to show 
that we always have also 

> [eg 2sin? 6] = 0; (51.) 
and similarly for the like terms involving §, by a simple trans- 
formation of coordinates, as explained by Sir J. Lubbock in 
his valuable paper*. ‘That paper indeed relates to the more 
general views of the subject, to which I shall refer in the se- 
quel; but the particular process in question is independent of 
these views. 

Thus the hypothesis of symmetrical distribution gives 

it tl 

SA lgiAcn fies 0 zilg Mek 0 (52.) 
and the original equations are reduced to 

d2 

qe = =P (58.) 

Sh = [plag; (54) 
or restoring the original values, 

a2 

Se = =VleM+ voy) — (65.) 

Sz HELO (tH AH)A. (66) 
That is, the equations are reduced to precisely the same 
form by the hypothesis of uniform distribution, as they are on 
the hypothesis of unsymmetrical distribution, by the condi- 
tions of plane polarized and unpolarized light. 

Thus the formulas for plane polarized and unpolarized light 
are only solutions of the original equations when in the same 
form, to which they are reduced by symmetrical distribution. 

* L. & E. Phil. Mag. and Journal of Science, vol. xv. November, 1839. 
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For elliptically polarized light, on the hypothesis of sym- 
metrical distribution, we can follow out results analogous to 
those above obtained. We should have instead of the form 
(21.), 

nh = m>[p 2sin® 4]; (57.) 

and instead of (25.), 

neh = m& [p' 2 sin? 0), (58.) 

which is identical with the former, whence we have p = p'; 
also, 

(a + > [p 2 sin? 6]. (59.) 

The formula (27.) is thus reduced to 

sinb — $ (60.) 

Thus (although with altered values) the formula for elliptic 
polarization is a solution of the original equation egwally in 
the furm (10.) (11.), and when reduced to the form (55.) 
(56.) by the hypothesis of symmetrical distribution. In other 
words, of the equations, in the form (10.) (11.), the formula for 
elliptic polarization is the only solution: in the form (55.) 
(56.) the formulas for elliptic vibrations or rectilinear in- 
differently are solutions. 

(8.) Thus it follows, that if we suppose the ztherial mole- 
cules wnsymmetrically distributed, then elliptic polarization 
alone is the result. ther so constituted cannot admit recti- 
linear vibrations. Light, therefore, entering such a portion of 
ether necessarily becomes elliptically polarized. 

If we suppose the molecules symmetrically distributed, this 
is compatible with either elliptic or rectilinear vibrations in- 
differently. Either therefore will be propagated according 
to the condition of the intromitted ray. 

Thus elliptic polarization is traced to its cause in the simple 
consideration that the vibrations which constitute it are neces- 
sarily produced when waves are propagated through any 
portion of zther in which a symmetrical arrangement of the 
molecules does not subsist. 

The investigation conducted by Mr. ‘Tovey’s method*, is di- 
rected to showing by the equations (4.) of his paper, that when 
the sums involving the odd powers of the differences are not 
evanescent, the quantities ) and p (the ratio of the semiaxes of 
the ellipse) are determinate ; or, in other words, the expressions 
must belong to ellipses, or in a medium so constituted as to 
make those sums finite, elliptical polarization will result. When 

* L. & E. Phil. Mag, and Journal of Science, vol. xii. p. 10. 
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the sums just mentioned vanish, then it is seen that those 
quantities are altogether arbitrary, and the movements will be 
the same as those expressed by the author’s formulas in his 
other paper *; or such a medium will propagate elliptic or 
rectilinear vibrations indifferentlyt+. 

(9.) Mr. Whewell ¢ had observed the difficulty of conceiving 
any mechanical conditions for the production of elliptic polari- 
zation, and that not even a plausible hypothesis had been 
proposed so as to give a physical interpretation to the lan- 
guage of analysis, especially as conveyed in the equations ob- 
tained by Prof. Maccullagh. 

From what has just been stated, this difficulty appears now 
to be, at least in a general way, overcome by the conclusion 
of Mr, Tovey. 

It is easy to conceive the physical possibility of a portion 
of the zther possessing an unsymmetrical arrangement of its 
molecules. For example, at the bounding surface of a me- 
dium and of vacuum, or generally of two media of different 
densities, we can hardly suppose the change of density in the 
zether to take place abruptly ; but must from all analogy ima- 
gine a thin stratum on either side, within which there is a 
gradual alteration in the arrangement of the molecules; and 
this more considerable as the difference of the refractive 
powers is greater. It is conceivable that this variation may 
in some instances be of sufficiently great amount to give the 
requisite conditions of unsymmetrical distribution within this 
stratum, though on either side of it the symmetrical arrange- 
ment may subsist. 

(10.) With regard to the value of 2, experiment shows 
that the state of the same ray as to polarization produces no 
difference in the magnitude of its refractive index. Hence it 
follows that in all the preceding different cases in which the 
value of m has been expressed (whether on the hypothesis of 
unsymmetrical or of symmetrical distribution) the terms in- 
volved must vary in magnitude, so that the whole expression 
shall remain constant, or the values (26. 40. 41. 45. 59.) all 
equal. Thus, in general, writing 2 for the sum of the ar- 
bitrary terms « and £, we express the value of 7 by the for- 

mula ni op . > [ap 2 sin* 6]. (61.) 

*L. & E, Phil. Mag. and Journal of Science, vol. viii. p. 426 and 
p- 502. 

+ See also the same author's paper on the nature of the vibrations in 
quartz, vol, xiv. 1839, pp. 169 and 323, 

t Hist. of Ind. Science, vol. ii, p. 448: 1837. 
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If we return to the values (2.) (3.), 
Qa arAx 

we have obviously 

1 oils 8 aL nto hat I nA 2 

Paes Coe Rn eae Ries 

A A 

and on substituting in the form (61.) we obtain 

oo sae a (> (r)+(r) Ay?) o(“azr’) (64.) 

nN 

which for abridgement may be expressed by 

sin° (s a) 
if a 

ie = x H* EADY (65.) 

a 4 

the formula for the dispersion. 

(11.) I have here confined my remarks strictly to the illus- 

tration of the one primary question of the criterion of elliptic 

polarization ; butin all that has been said relative to the evane- 

scence of the terms on the hypothesis of symmetrical arrange- 

ment, by the transference to new axes, &c., I have touched 

upon the far more extensive relations between our immediate 

subject and that of the axes of elasticity and the wave-surface : 

some remarks on these must be reserved to a future commu- 

nication; meanwhile I will venture to hope that the particular 

subject of the preceding observations has now been placed in 

such a light as to free it from the ambiguity and doubt in 
which it seems to have been involved. 

XXXIII. On Lightning Conductors, and on Experiments relat- 
ing to the Defence of Shipping from Lightning. By W. 
Syow Harais, Esq., F.R.S. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 

OU will greatly oblige me, by allowing the following com- 
munication to appear in the pages of your Journal, being 

the concluding observations I have to offer on Mr. Sturgeon’s 
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Memoir on Marine Lightning Conductors, to which I have 
alluded in former papers *. 

Had the question been one of private, rather than of public 
interest, I should certainly have followed the course pursued 
by others, who have been honoured with Mr. Sturgeon’s cen- 
sure, and have shown by my silence how little I care to de- 
prive him of any advantage which he may consider he de- 
rives by his coarse treatment of me. Such, however, is not 
the case: my method of defending shipping from lightning 
by permanent conductors of electricity fixed in their masts, 
being still carrying out in several of H.M. ships, I feel my- 
self called on to afférd a clear elucidation of certain circum- 
stances intimately associated with this highly important ques- 
tion, which have been lately much misrepresented ; moreover, 
the subject is one of increasing interest, and intimately con- 
nected with an important department of physical science. 

In the year 1780, the French began to turn their attention 
to the more effectual defence of their buildings and shipping 
from the effects of lightning. 

Mons. Le Roi was sent to visit Brest and the various sea- 
ports of France for that purpose. His memoir in the Histozre 
de l Académie des Sciences for the year 1790, will be read 
with advantage by every one interested in the subject. 

Impressed with the necessity of adopting some more per- 
manent security than was derived from the use of chains, 
temporarily applied in the rigging, he endeavoured to place, 
he says, such conductors in ships as might be deemed 
*‘ fixed and durable.” With this view long linked rods of 
small dimensions were led from a point at the mast-head 
along a part of the rigging, and fixed to plates of metal at 
the ship’s side communicating with the sea. These, however, 
he admits did not stand the working of the rigging, and were 
broken in a storm; so that he was induced to change them for 
similar linked rods of small size led in divided stages along 
the masts. 

This form of conductor was fixed in the French ships of 
war Etoile, Resolution, Experiment, Boussole, Astrolabe, 
and in some ships destined for America. Although Mons. 
Le Roi had reason to believe that it was sufficiently secure 
from the effects of mechanical violence, yet it was eventually 
abandoned in the French service, probably from its still be- 
ing found inconvenient and ill calculated to meet the violent 
forces incidental to a ship’s mast and rigging. The only kind 

* L, & E, Phil. Mag., December 1839, February 1840, May 1840, 
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of conductor ever generally used by the English, consists of 
links of small copper rods under the form of a flexible chain 
triced up, as occasion required, to the mast-head and al- 
lowed to touch the sea, a contrivance recommended by the 
learned Dr. Watson in the year 1762, in a letter to Lord 
Anson, then First Lord of the Admiralty. 

The damage, however, which, notwithstanding every sug- 
gestion of the kind, continued to occur to shipping from at- 
mospheric electricity, and especially to our navy, showed that 
such methods had not fully met all the circumstances of the 
case; hence the necessity of resorting to some system of de- 
fence, differing essentially from those hitherto tried. Now 
that system which experience indicated evidently embraced 
the following principles. 

1. The conductor should be permanently fixed, so as to be 
always in place, and at all times ready to meet the most un- 
expected danger. 

2. It should be continuous and of considerable electrical 
capacity, so as to admit of a rapid equalization of the electrical 
action. 

3. It should in no way interfere with the standing or run- 
ning rigging; should admit of the motion of the sliding masts 
without deranging its existing state ; and in case of either be- 
ing removed by accident or design, the remaining portion of _ 

the conductor should be still as efficient as before. 
4. It should be independent of the crew of the ship, and 

not be left to them to put in place or not, as may be deemed 
requisite ; or require any handling, to their great annoyance, 
—under many circumstances to their imminent peril. 

5. It should be so applied that a discharge of lightning 
falling on the vessel, could not enter into any circuit of which 
it did not form a part. 

The desirableness of such a plan as that which in the year 
1820 1 proposed to the Admiralty, embracing, as it did, every 
required condition, was admitted. The doubts, however, ex- 
isting at the time were, whether it was fully borne out in all 
its details by a sufficient number of facts in science; and 
whether it could be carried out so perfectly as to meet the 
many variable circumstances in which the general fabric in all 
its casualties might become placed; but no doubt existed of 
the propriety of adopting such a form of conductor, were 
these questions satisfactorily disposed of. 

Your readers are no doubt aware, that the method I pro- 
posed, was to make the masts themselves perfect conductors 
of electricity, by incorporating with them in a peculiar way 
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two laminz of copper sheet of considerable thickness and ex- 
tension ; uniting them with the metallic masses in the hull by 
other lamine, and giving the whole a perfectly free communi- 
cation with the sea in all directions. The reasonableness of this 
as an abstract question in electricity is quite evident; since all 
the damage found to occur on ship-board from lightning 
arises principally from the effects of expansion, where the 
electrical discharge passes over or through bad conducting 
matter. If we could conceive for an instant that the vessel, 
sails, rigging, &c. were metallic throughout, the possibility of 
its receiving any damage from lightning would be inconceiy- 
able. 

This, in fact, has been shown by the perfect way in which 
the iron steam-vessels in Lander’s last voyage met discharges 
of lightning whilst the timber vessels were damaged. ‘The 
nearer, therefore, we can approximate to this condition, the 
more perfect the security. 

I satisfied the Navy Board, together with many eminent 
scientific men of that day, of the completeness of my views, 
and of their practical application to the variable conditions of 
a ship’s mast; and the celebrated Dr. Wollaston, ina letter to 
the Comptroller of the Navy, gave my plan his “decided ap- 
proval.” Under these circumstances it was at last ordered 
to be carried out in ten of H.M. ships, including line-of- 
battle ships, frigates and corvettes; a small brig of 10 guns 
was subsequently added to the list; and thus the conductors 
were tried in the navy from the largest to nearly the smallest 
vessel in it. After a period of ten years, during which time 
these vessels had been exposed to several storms of lightning 
in all parts of the world, the Lords Commissioners of the 
Admiralty appointed, under the countenance of the House of 
Commons, a commission of nautical and scientific men to 
investigate and report on this momentous topic. ‘The mem- 
bers of the commission were all named without any reference 
to myself, and were all men of unquestionable integrity and 
ability. When the names of Admiral Griffith, Sir James 
Gordon, K.C.B., Captain J. C. Ross, Professor Daniell, Mr. 
Fincham, and Mr. Clifton of the Admiralty, are mentioned, 
no one of the least character in society would question the 
fairness of any investigation placed under their direction. 

The Commission, in carrying out this measure, called in 
evidence the officers who had commanded the ships in which 
my conductors were tried, and obtained valuable information 
from various others who had witnessed the effects of light~ 
ning at sea. ‘They also invited the opinions of men acknow- 
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ledged to be the best acquainted with this department of sci- 
ence; and they examined various other forms of lightning 
conductors for ships. But upon the whole evidence, they 
conclude with an earnest recommendation to the Board to 
carry out the plan fully in the Royal Navy*. 

No sooner had this report been laid on the table of the 
House of Commons, than several persons interested in super- 
seding my plan, endeavoured in various ways, notwithstand- 
ing its ten years’ trial, to get it set aside; hence arose what 
Mr. Sturgeon calls Experimental and Theoretical Researches 
in Electricity, Fourth Memoir on Lightning Conductors ; 
especially addressed to the British Association, and to all 
learned societies in Europe and America,—a list of which is 
ostentatiously displayed at the head of the memoir. 

Mr. Sturgeon’s production having been thus paraded 
forth, we should of course expect to find it contain new and 
important facts in science, commensurate with so loud an an- 
nouncement, and with its pretensions, to arrest the attention of 
all the various learned bodies above mentioned, andas he states 
in another place, * the ablest electricians which the world can 
produce.” After so great an advancing shadow, we should na- 
turally expect something like an adequate substance. 

The following brief outline of the memoir is sufficient to 
show how little such expectations are realized. 

The first five pages, consist of unhandsome insinuations of 
a want of honesty and ability on the part of the members of 
the Commission, of pretensions on his own part to put “ the 
question in a proper light,” and of deceptive statements of 
the nature and objects of my experiments, called by him an 

* « Having now completed our remarks on the several points to which 
their Lordships’ instructions directed our attention, we trust we have 
shown, from the evidence ef facts derived from the experience of many 
years, as well as by the opinions, not only of scientific but professional 
men, the efficacy of Mr. Harris’s lightning conductors ; and considering the 
number of lives which have been lost by lightning, the immense amount 
of property which has been destroyed, as shown by Mr. Harris, and is still 
exposed without adequate protection, the inconvenience which has arisen, 
and is still liable to arise from the loss of the services of ships at moments 
of great critical importance, the difficulty of procuring new spars in times 
of war on foreign stations (not to menticn the great expense of wages and 
victuals for the crews of ships while rendered useless till repaired),—we 
again beg to state our wnanimous opinion of the great advantages possessed 
by Mr. Harris’s conductors above every other plan, affording permanent 
security at all times, and under all circumstances, against the injurious ef- 
fects of lightning, effecting this protection without any nautical incon- 
venience or scientific objection whatever ; and we therefore most earnestly 
recommend their general adoption in the Royal Navy.” 
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examination.” The next eight pages consist of notices of 
the damage done to the Rodney, copied from the newspapers 
of the day, of a few extracts from the statements made by 
naval officers who had witnessed the protecting effects of my 
conductors, and of a few desultory remarks on those state- 
ments; here then are thirteen pages to begin with, containing 
no kind of scientific research whatever. The next three pages 
and a half contain a few ill-contrived repetitions of Priestley 
and Cavallo’s experiments, made above fifty years since, on 
the residual electricity of a Leyden jar, and which Mr. Stur- 
geon, by a most unhappy blunder, has taken as a lateral dis- 
charge produced at the instant of the primary discharge *. 
** This residual electricity (observes Cavallo) should be care« 
fully considered in performing delicate experiments +”. 

‘The remaining 15 pages contain merely ill-digested remarks, 
resting on the above fallacy; designing appeals to the fears of the 
uninformed; an account of a few common-place and inevitable 
results of ordinary electrical action on a kite; and a proposal 
to place copper rods in various ways about the rigging of a 
ship as a defence against lightning, in open defiance of his own 
previous admissions; with a few considerations of the expense 
attendant on it. 
How such a paper as this can fairly come under the deno- 

mination of ** Theoretical and Experimental Researches in 
Electricity,” when not above two out of thirty-two pages, or 
about one sixteenth of the whole, contain any experiment at 
all,—the experiments not original, and the reasoning upon 
them a fallacy,—I am really at a loss to determine. 

In my former communications, which appeared in this 
Journal in December, 1839, and February and May, 1840, 
I have given a complete exposition of these and other points 
contained in this memoir; so that but little more remains to 
notice than the deceptive colouring in which Mr. Sturgeon 
has thought fit to disguise my experiments, and his illiberal 
dealing with every one holding opinions adverse to him- 
self. 

The simplicity and convenience of my fixed conductors 
having, as I have already stated, been in the year 1820 fully 
admitted, the Navy Board at that time thought proper to 
call upon me to illustrate and investigate experimentally, so 
far as possible, their probable operation through the ship. 

* Lond. and Edinb. Phil. Mag. for December, 1839. 
+ Mr. Sturgeon appears to be well aware of the great mistake he has 

made on this point. {n no place, so far as I know, has he attempted to 
defend it. 

Phil. Mag. S. 3. Vol. 18. No. 116. March 1841. N 
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I was called upon, for instance, to show what had been the 
general laws of the action of lightning on ship-board; that the 
connexion of my conductors with the sea through the metallic 
masses in the hull was in no way detrimental to’ their action, 
or liable to objection; that, in short, electrical discharges might 
find their way and become as safely dispersed in the sea by 
the metallic bolts driven through the keel and keelson, and 
other parts of the vessel, as by a chain in the rigging. 

I was further called upon to show, so far as possible, how 
a system, such as I proposed, would operate in this way under 
various positions of the masts, and that the circumstance 
of their motion upon each other would in no way interfere 
with the action of the conductor. In order to meet the views 
of the officers of the Board, I naturally enough resorted to 
such practical illustrations as were within my reach. By way 
of showing the operation of my conductors through the bolts 
in the hull, strong charges from twenty-five square feet of 
coated glass were passed overa vessel’s mast fitted with the 
conductors and floating in the sea, the negative side of the 
battery being connected with an interrupted circuit passing 
over a small gun placed in a boat (in some instances) forty 
fathoms from the vessel. Percussion powder was placed 
over the joints of the conductor on the mast, and in an in- 
terrupted circuit at the mast head. ‘The sliding masts were 
placed in various positions, and occasionally were put 
in motion at the time of the experiment; but in all cases 
at the instant of completing ‘the circuit, the whole charge, 
equivalent to fuse fifteen feet of small iron wire, passed freely 
through the conductor and the sea in all positions of the masts 
without igniting the powder placed over the joints, but firing 
the powder at the mast-head, and the gun, instantaneously, 
thereby showing that the charge had reached from the mast 
head to the water. 
Any one will, I think, perceive that these experiments illus- 

trated, so far as they went, the points in question, viz. 
ist. The operation of the conductor through the hull. 
2nd. Its perfect continuity on the masts. 
3rd. Its complete operation under every possible position, 

&ce. of the masts. 
4th. The reception of the charge by the sea. 
Now Mr. Sturgeon fairly shuts his eyes to the unpretend- 

ing nature and object of these experiments, and perverting 
their meaning, tells his readers that they prove nothing pecu- 
liar to my system, and serve only to show that copper is a 
conductor of electricity, and that detonating powder can be 
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ignited by the electrical spark. This he calls a fair and 
candid explanation of my experiments before the Navy Board 
at Plymouth. 

As he gives every one who in any way treated this question 
with fairness, a most liberal credit for ignorance, he thinks I 
ought to have explained to the Board that a wire could be 
made red-hot by electricity, and if then brought into contact 
with gunpowder would ignite it; together with some other 
truisms of a similar form. Now, however ignorant Mr. Stur- 
geon may suppose the officers of the Board to have been, 
they certainly understood the question much better than he 
appears to do; they entered very completely into its merits, 
and left no point unexplored; they required of me informa- 
tion relative to the conducting power of different metals; their 
respective resistance to fusion by electricity; the ratio in 
which they became heated, either by the same or by different 
quantities, the relative quantities required to heat wires of 
different diameters to the same degree, &c. &c.; for the 
perfect elucidation of which new experiments and apparatus 
were invented, and the results exhibited in a way not before 
done. 
Among other points to which the Board directed my atten- 

tion, was the electrical effect of the incorporation of the con- 
ductor with the mast and hull, and the certainty of its con- 
fining the course of the discharge to certain lines and to the 
surface of the masts without being productive of any lateral 
effect upon the masses of the metal, such as iron hoops, bolts, 
&c. which either entered into the body of the mast, or were 
otherwise connected with it ; points which Mr, Sturgeon, in 
the happy consciousness of his own superior sagacity, says 
were either ‘* not known or unaccountably neglected.” 
My first illustrations were confined to small models about 

six inches in length, which could be splintered by artificial 
discharges, and defended by small lines of metallic leaf placed 
along them, in imitation of the continuous conductor. But 
being desirous to exemplify how completely the conductor 
would direct and confine the discharge upon itself, I placed 
the experiment under new and very delicate circumstances ; 
and as I consider this experiment an important one, as bearing 
on the theory of lightning conductors, and directly applicable 
to all the objections made to them on account of lateral dis- 
charges, I may, I hope, be excused for giving a particular 
account of it. 

A model of a mast, M, about ten feet in length, was made in 
arts, and an interrupted line of metal, a, b,c, d, placed in the 
eart of it. Percussion powder,which it is well known inflames 

N 2 
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with the least spark of electricity, was placed between these 
interruptions. On its surface M was placed 
a continuous conductor eM, and the in- 
terior and exterior lines of metal connected 
with common points of junction at @ and d. 
To make the experiment more complete, 
bands of metallic leaf, &c. were made here 
and there to surround the mast, together 
with other metallic bodies, which could en- 
ter into the mast itself and touch the me- 
tallic line within, as at 1, 2, 3. 

An intense electrical accumulation from 
four jars of five square feet each, highly 
charged, was now allowed to fall upon a ball 
at a, with a view of discovering (since the elec- 
tric matter had a choice of two lines) whether 
it would pass upon the metal within in 
preference to that without, or upon both, or 
whether it could in passing down the exterior 
conductor cause a lateral discharge to enter 
the mast, or affect the interior by any other 
lateral result. 

Now the extreme facility with which per- 
cussion powder becomes inflamed by the 
most minute spark, rendered it a very severe 
test of the presence of passing electricity, so 
that if the least action had taken place upon 
the metallic bodies adjacent to the conductor, 
it would have been immediately shown by 
an explosion within the substance of the mo- 
del. Almost every one must I think perceive 
that this was a fair experiment, and as good 
a one as could have been resorted to under 
the circumstances of the case. Even Mr. 
Sturgeon himself must allow that it com- 
pletely meets the very points he has insisted 
on, and which he thinks I had so much over- 
looked. Thus in sect. 202 of his memoir, 
mistaking the residual electricity of a discharged surface for 
what he calls a lateral discharge produced by the passing 
shock, he says, ‘‘ this kind of lateral discharge will always 
take place when the vicinal bodies are sufficiently capacious, 
and near to the principal conductor which carries the primitive 
discharge, ov to any of its metallic appendages ;” and in sects, 
198 and 199, he says he can produce lateral discharges 
half an inch long, though the jar be of the capacity of a quart 
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only, &c. &c., and “at a distance of fifty feet from the di- 
rect discharge;” and in sect. 200, he admits that a discharge 
from such a jar would “ zmitate a flash of lightning striking 
@ similar conductor on the mast.” 

Here then is an experiment which at once brings to the 
bar Mr. Sturgeon’s own position ; and I appeal to any one, if 
what he has thus advanced has any foundation, whether ‘ an 
electrical accumulation not merely from a jar of a quart ca- 
pacity, but from twenty-five square feet of coated glass highly 
charged, and equivalent to destroy fifteen or twenty feet of 
small iron wire, should not have ignited the powder and 
caused the mast to be blown in pieces. Yet such was not 
the case, and never can be so long as the continuous con- 
ductor remains on its surface. When the exterior conductor, 
however, was removed and a similar charge thrown on the 
model], then the mast was blown in pieces, proving, that if the 
discharge had under any form pervaded the interior, this 
effect would have resulted in the first case. 
Now Mr. Sturgeon roundly asserts, that “ this experiment 

happens to have no bearing on the subject whatever,” not- 
withstanding that in sect. 200 he actually refers to the passing 
of electricity over conductors placed in given directions, and 
says, ‘‘ that the discharge of a jar of only a quart capacity 
would imitate a flash of lightning striking a similar conductor 
on the mast :” this is very one-sided reasoning indeed. 

‘In a subsequent communication he inquires if ‘ I mean to 
be considered as a philosopher or necromancer by endeavour- 
ing to persuade the British Association that blowing asunder 
two pieces of wood by gunpowder was a true representation 
of the effects of lightning on a ship’s mast.” 

This may be all very well as the best means Mr. Sturgeon 
had of parrying the direct bearing of the experiment in ques- 
tion on his own position ; he must, however, necessarily feel 
how immediately it involves all the conditions he has himself 
pointed out as essential to the exhibition of his imaginary re- 
sults, by which he pretends to have illustrated and proved the 
effects of lateral discharges of lightning. 
How does it happen, if his views have the slightest 

foundation, that the heaviest ‘ primitive discharges,” to use 
his own phraseology, can be passed along the exterior con- 
ductor of the mast without in any way affecting the detonat- 
ing powder within, even though connected with the interior 
metals by short metallic nails? it surely should do so, if what 
he says in sect. 198 be true, viz. “that by this kind of lateral 
discharge a dense spark may be produced when the bodies are 
half an inch apart, though the jar be only ofa quart capacity 
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that chemical decompositions are easily performed by it, and 
every other class of electrical phenomena, exhibited with a 
sufficiently large apparatus, as decidedly as by the primitive 
discharge itself.” Now the plain truth is, there is no such 
effect as he describes produced by a passing charge of elec- 
tricity. Itis altogether a fallacy, arising outof his being 
very ill informed on the subject, and from his having mis- 
taken the common result of the residual accumulation for a 
lateral explosion, as I think I have fully shown; Cavallo and 
the old writers have taken great pains to guard the ineape- 
rienced manipulator against this source of error. 

In short, if Mr. Sturgeon will look at Cavallo, Priestley 
and other writers of above half a century since, he will find 
his theoretical and experimental researches very perfectly 
imitated; by a most extraordinary coincidence, the experi- 
ments are virtually the same; the deductions, however, from 
them are widely different. With such careless manipulation, 
and such a great lack of knowledge of his subject, it is not sur- 
prising that Mr. Sturgeon should deem others ignorant of it. 

These experiments were not the only experiments which 
were made matters of discussion by the Board. Thus, to 
show that in the case of the sliding masts being entirely, or 
partially lowered, that part of the conductor below the caps 
would be the same in respect of the discharge as if it did not 
exist, strips of gold-leaf were laid on paper in the same re- 
lative positions as the conductors would assume on the masts, 
and powerful discharges sufficient to disperse the gold passed 
over them. 

These strips were affected in certain parts only, showing 
how completely the discharge was confined to such parts, 
and the total absence of all lateral explosion. 

Experiments on the expansive effects of electricity on 
bodies, the fusion and heating of metals, &c. &c. were also 
entered upon. In short, the series was as complete as could 
well be desired. The experiments were all original, or other- 
wise new, of their kind, and many of them embraced points 
not before considered; such experiments had for the most 
part never been tried before; and they were considered by 
Dr. Wollaston and others who investigated them to be of 
great interest, and to have an important bearing on the ques- 
tion of lightning conductors in ships. 

I suppose it will be admitted that Dr. Wollaston had at 
least as clear a comprehension of this subject as Mr. Stur- 
geon, and was just as likely to have detected the ‘‘necromancy” 
to which Mr, Sturgeon alludes, had such existed. 

This explanation of the practical nature of the experiments, 
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and which, amongst other considerations, led the Navy Board 
to try my plan for defending ships from lightning in the navy, 
I have, for the reasons already assigned, thought proper to 
offer ; they at the same time show the scrupulous care which 
the Board exhibited on the occasion, and how much they 
were alive to the question. 

[ To be continued. ] 

XXXIV. Remarks os Prof. Whewell’s Paper on the Mean 
Level of the Sea. By Ricuarp Tuomas, Civil Engineer*. 

OBSERVE that Mr. Whewell has in the Philosophical 
Magazine for November honoured with his notice my ob- 

servations relative to the mean level of the sea, which were 
inserted in the Magazine for August. I should not have 
thought it needful to say another word about it, but leave the 
matter to be determined, as I think it ought to be, by extending 
the levels westward to the Land’s-end, connecting these levels 
with others which might be taken at convenient places across 
from the north-west coast to the south-east of Cornwall; but 
it appears that Mr. Whewell has mistaken the drift of my 
argument, by which I endeavoured to show, that owing to 
the tides, the sea at Axmouth might be kept up to a higher 
mean level than on the coast of Cornwall. Ido not draw such 
inference from the mere narrowing of the English Channel 
by the projection of Cape la Hogue, but by that projection in 
combination with the deeply embayed form of the opposite 
coast of England between the Start and the Bill of Portland, 
giving such directions to the tide-currents as would continually, 
both on the flood and ebb, tend to set them over against that 
part of the coast on which Axmouth is situated, and conse- 
quently tend to keep up the level of the water there; for it 
must be kept in mind that at the time of high water at Ax- 
mouth, the tide is strong flood in the Channel, and at low 
water the ebb tide is strong; and there appears to be strong 
evidence that the flood sets in the way I state, from the velo- 
city with which it passes along by the back of Portland Island 
and occasions the “ Race” off the Bill. 

Mr. Whewell says, “If the surface of low water were a 
level surface, as Mr. Thomas supposes,” &c.; and in reference 
to a comparison of the tides of Plymouth and Axmouth, that 
** Mr. Thomas has no authority either from theory or observa- 
tion for assuming the high waters to coincide,” &c. &c. The 
best answer I can give to these remarks, is a reference to my 
paper as printed in your Magazine. 

However, as Mr. Whewell agrees with me in the propriety 
* Communicated by the Author. 
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of settling the question by extending the levels as above stated, - 
I need not say more, but leave the question to be decided, as 
I hope it soon will be, by such extension of the levels. 

I do not mean to dispute Mr. Whewell’s theory as to the 
mean levels of the tides, supposing there were no obstructions 
to their free action ; but I do conceive that it is very possible 
that circumstances may operate to prevent the mean level of 
the tides from being at the same elevation at every part of the 
coast. 
My object is to prevent any general conclusion with respect 

to tide-levels from being acted on until the fact be placed be- 
yond doubt; and whatever may be the result of the inquiry, 
the levels which may be determined will be available for esta- 
blishing the elevations of certain fixed points or bench-marks, 
which will always be much more useful for reference than any 
determination depending on the tides. 

Falmouth, Jan. 4, 1841. 

XXXV. Analysis of the Oils of Elemi and Olibanum. 
By Joun SrennouseE, Lsq.* 

OST of the resins contain, as is well known, volatile oils, 
to which they owe their peculiar odours. A considerable 

number of these oils have been carefully examined, but there 
are several, and among the rest those of elemi and olibanum, 
which, as far as I am aware, have not previously been sub- 
jected to analysis. 

I was induced therefore to prepare a quantity of each of 
them for this purpose. 

Elemi Oil.—Preparation. A quantity of pulverized elemi 
resin was distilled with water in the usual way. The larger 
portion of the oil came over at an early period of the distilla- 
tion, and collected on the surface of the water in the receiver, 
from which it was easily separated by means of a sucker. It 
was then allowed to remain some days over fused chloride of 
calcium to render it anhydrous, and afterwards rectified. It 
is stated in most systems of chemistry, on the authority of 
Bonastre, that elemi resin yields 12! per cent. of volatile oil, 
but though I operated on an apparently fresh and unadulter- 
ated specimen, I did not succeed in obtaining more than 33 

per cent. 
Properties.—Elemi oil is a transparent colourless liquid of 

an agreeable smell, similar to that of the resin, and of a pun- 
gent taste. Its specific gravity is 0°852 at +24°C. It boils 
at 140°C, It burns with a bright smoky flame, like oil of 

* Communicated by the Author. 
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turpentine. It does not dissolve in water. It is very little so- 
luble in weak spirits, but it dissolves very rapidly in alcohol 
and zether. Potassium remains unaltered in it, but solid potash, 
with the assistance of heat, converts it into a brown resin. 
Iodine acts on it with energy ; considerable heat is evolved ; 
part of the iodine is driven off into vapour, and the oil is con- 
verted into athick red magma. Elemi oil absorbs muriatic acid 
gas very readily, and becomes of a dark-brown colour, but I 
did not succeed in obtaining an artificial camphor. Nitric acid 
in the cold quickly changes it to a brownish yellow; when 
assisted by heat it explodes, evolving deutoxide of azote, 
and converting the oil into a resinous matter. Sulphuric acid 
in the cold gives it a fine red colour, but when heated it 
chars it. 

The following are the results of its analysis: 
1. 0°4305 gave 1°369 carbonic acid, and 0°453 water. 
1. 0°197 gave 0°625 carbonic acid, and 0°208 water. 

Found. Calculated. 

‘2 Il. 

Carbon...... 87°93 87°72 88:46 = 5 at. 
Hydrogen... 11°69 11°73 11°54 = § — 

99°62 99°45 100'00 

From this it is evident, that elemi oil has a similar constitu- 
tion with oil of turpentine, oil of lemons, copaiba balsam oil, 
and several others, too numerous to be mentioned. 

Oil of Olibanum.—Olibanum, the frankincense of the an- 
cients, yields an oil which is prepared in the same way as 
that of elemi. The quantity I could obtain was 4 per cent. 
of the resin employed; it is a transparent, colourless and very 
limpid oil. Its smell resembles that of oil of turpentine, but it is 
much more agreeable. Its specificigravity is 0°886 at + 24°C., 
and its boiling point is 162°. It burns with a strong bright 
flame, and emits much smoke. The action of reagents upon 
it is almost identical with that of the oil of elemi, so that it is 
unnecessary to enter into details, The following are the re- 
sults of its analysis: 

I. 0°3255 gave 10015 carbonic acid, and 0°330 water. 
11. 0°3465 gave 1:061 carbonic acid, and 0°351 water, 
1. 0°302 gave 0°93L carbonic acid, and 0°307 water. 

Found, Calculated. 
I. II. III. 

Carbon... 85°07 84°66 85°23 85°61 

Hydrogen 11°26 11°25 11°29 11°18 

Oxygen... 3°67 4°09 3°48 3°23 

100°00 100°00 100°00 100°00 
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This gives the formula 

Carbon .....00.-06. 35 = 9675°225 
Hydrogen ......... 56 =  349°426 
Oxygen ......0.0:.5 1° = "100000 

$124'651. 

It is somewhat singular that this is precisely the composi- 
tion which Dr. Kane found for the oil of Mentha viridis. 

XXXVI. Chemical Examination of Palm Oil and Cacao 
Butter. By Joun Srennovse, Esq.* 

Palm Oil. 
pus oil has of late years become rather an important ar- 

ticle of commerce, from the great extent to which it is 
employed in the manufacture of soap. It is chiefly imported 
from the coast of Africa, and is derived, according to some 
botanists, from the Cocus Butyracea, according to others from 
the Avoira Elais. It is extracted by boiling the bruised 
fruit in water ; the oil collects as a cake on the surface, from 
which it is easily removed. It has a butyraceous consistence, 
is of a reddish yellow colour, and has an agreeable aromatic 
odour. When long kept it becomes readily rancid, and 
whitens at the same time, especially if exposed to the influence 
of the light and air. Soap made with the unbleached oil is 
of a yellow colour, but white soap may be made from it if the 
oil has been previously bleached. ‘This may be done in va- 
rious ways; by melting the oil in hot water and treating it 
with peroxide of manganese and sulphuric acid, or by keeping 
it melted, spread out in thin layers on iron plates. It has 
also been proposed to bleach it with hypochlorite of lime 
and dilute sulphuric acid; and bichromate of potash and 
muriatic acid have more recently been employed for the same 
purpose. 

It was first observed by Zier, and the observation has been 
since confirmed by Messrs. Pelouze and Boudet, that palm oil 
is strongly acid, and that its acidity increases with the age of the 
oil. The quantity of free acid it contains is very great, often 
amounting to nearly a third of its weight. It is owing to this 
circumstance that palm oil is so remarkably easily saponifiable. 
Indeed, a very tolerable soap may be made from it by boiling 
it for ashort time with the alkaline carbonates. Soap made 
from palm oil and soda is of a firm consistence, has an aromatic 
odour, and forms an excellent and agreeable detergent. The 

* Communicated by the Author. 
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greater portion of the common brown soap made in Great 
Britain contains no tallow at all, but consists of a mixture of 
palm oil and common resin. ‘The melting point of the speci- 
men of palm oil I examined was 99° Fahr. It appeared to 
be pretty old. Palm oil was formerly supposed to contain 
margaric and oleic acids ; but Mr, Fremy has lately subjected 
it to examination, and found it to contain a new acid, to which 
he has given the name of the palmitic. Jam happy in being 
able to confirm the truth of his observations. 

The mode of proceeding to examine the constituents of 
palm oil is to saponify it with caustic potash or soda, and then 
to decompose the soap with muriatic or tartaric acid. The 
mixture of palmitic and oleic acids thus obtained, is to be dis- 
solved in boiling spirits of wine, in which it is very soluble, 
and allowed to crystallize. The crystals are to be collected 
and strongly pressed between folds of blotting paper, and 
again dissolved in alcohol. ‘These operations are to be re- 
peated eight or nine times till the palmitic acid crystallizes quite 
free from the oleic acid, which remains dissolved in the mother 
liquors. Before being subjected to analysis it was once more 
saponified, and the soap decomposed by muriatic acid. The 
palmitic acid had then a melting point of 140° Fahr. The 
following are the results of its analyses. 

gramme. 

I. 0'3025 gave 0°827 carbonic acid, and 0°338 water. 
PEVOS Ta 705, 0°860 39 59 0°3545" ,, 

ir. 0°2950 ,, 0°8076 9 ry) 0°3305 55 
Iv. 0°2662 ,,  0°7262 4, 4 0°3007_ ,, 

This is per cent. 

I. Il. III. IV. 
Carbon... 75°48 75°56 75°69 75°46 

Hydrogen 12°41 12°51 12°48 12°51 
Oxygen... 12°11 11°93 11:83 11:83 

100°00 100°00 100°00 100°00 

In order to determine the atomic weight of the acid the 
silver salt was prepared by precipitating an alcoholic solution 
of the soda soap with nitrate of silver. 

gramme. ‘ Oxide of silver. 

I. 04992 salt gave 0°1456 silver = 31°31 p. cent. oxide. 
i 020% ,, » 02414 5 = 31°59  ,, 
IIT; OF6228: 45. 9 0'183 As == 31°55 aa 

IV. 0°5375 59 35 0°1585 35 — 31°43 39 

V. 0°5385 55 55 O°1575 ;, 31°41 9 
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Combustion with oxide of copper gave the following results: 
I. 0°3205 salt gave 0°621 carbonic acid and 0°249 water. 
Me O°3SO5ieyt as 'OSS95 ay eas 0°257 5, 
1410°2885 4555 0559 . 53 0'222') 55 

tig Il. Ill. 
Garbo). 6005 09 75 3'57 53°50 53°58 
Hydrogen......... 8°63 8°64 8°54 
OXYGEN ..eceeeeeees 6°35 6:41 6:43 
Oxide of silver... 31°45 31°45 31°45 

100°00 100°00 100°00 

The analyses of the hydrate agree best with the following 

formula : 
Per cent. 

66 atoms of Carbon ...... 5044 75°67 
ge 4; Hydrogen -.. 824 12°38 

Sele, Oxygen ...... 800 12-06 

6668 100°00 

From the determination of the quantity of oxide of silver in 
the silver salt, however, I am disposed to prefer Mr. Fremy’s 
formula for the hydrate as the more probable. _ It is 

Per cent. 

32 atoms of Carbon...... 2446 75°37 
Gh as Hydrogen... 399 12°40 
Peers Oxygen...... 400 12°23 

3245 100°00 

The formula C,, Hg, O;+ Ag O gives the following num- 
bers for the silver salt: Per cent. 

32 atoms of Carbon......... 2446 53°35 
B2 tis Hydrogen...... 387 8°44 
: ae Oxygen...s..5. 300 6°54 
eae Oxide of silver 1452 31°67 

— 

4585 100°00 
The hypothetical composition of the anhydrous acid is con- 

sequently as follows : 
Per cent. 

32 atoms of Carbon...... 2446 78°08 
62 $2 “Ebydrogen.. «S87 12°35 
3 » “Oxygen... 300 oy 

3133 100°00 

The number 3133 agrees very nearly with the mean of 
five determinations of the silver salt, which gave 3165 for the 
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atomic weight of the anhydrous acid. The baryta salt was 

prepared in the usual way by precipitating an alcoholic solu- 

tion of the soda soap with chloride of barium. 
Per cent. baryta. 

I. 0°5080 salt gave 0°150 carb. of baryta = 22°90 

repo’? 1 eho OL46R rg Ph) gy = 2298 
The calculated quantity is 23°39 per cent. baryta. The 

atomic weight 3221, which this gives for the anhydrous acid, 

does not differ essentially from that found by the silver salt. 

The following is the mode of preparing Palmitin, the com- 

pound of palmitic acid and glycerine. Palm oil is to be sub- 

jected to pressure between folds of linen, to separate the more 

fluid portion. The solid part is to be treated six or seven 

times with boiling spirits of wine to remove the palmitic and 

oleic acids, which are very soluble in that liquid. Palmitin, 

which, on the contrary, is nearly insoluble in hot. spirits of 

wine, is to be then dissolved in hot zther and filtered, to se- 

parate it from the impurities which accompany it, and which 

remain on the filter. On the cooling of the solution the palmi- 

tin is deposited in very small crystals. These are to be pressed 

between folds of blotting-paper and recrystallized out of 

ether. These operations are to be repeated six or seven 

times till the palmitin is free from every trace of olein. It is 

then to be kept melted on the water-bath till the ather is 

driven off. Pure palmitin melts at 120° Fahr., and when sa- 

ponified yields palmitic acid with the ordinary melting point 

of 140° Fahr. Palmitin is quite neutral ; on being melted and 

not allowed to cool it does not crystallize, but forms a half 

transparent mass like white wax, but which differs from wax 

in being easily reducible to powder. It is almost insoluble in 

ordinary spirits ; but absolute alcohol dissolves a little of it at 

a boiling temperature, which precipitates in white flocks on 

the cooling of the liquid. It is soluble in wther in every 

proportion, In its appearance and_ properties generally it 

very much resembles stearin ; palm oil contains only a few 

parts per cent. of palmitin. 
The following are the results of its analysis. 

1. 0°3235 gave 0°896 carbonic acid, and 0°3485 water. 

Mt) 0°3984 4. 09897 4g O°3744 45 
111. 0°3317 ,; 0'9195 os by 0°3665 45 

or per cent. 
i Il. Ill. 

TasDON pececdateves- 1/1008 76°78 76°65 

Hydrogen... 11°99 12°29 12:27 

OXyZeD erecreveveee 11°43 10°93 11°08 

100'00 10000 100°00 
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The calculated numbers are, 
85 atoms of Carbon ...... 2675 76°73 
66 ,, Hydrogen... 412 11°80 
42%, Oxygen ...... 400 11°47 

3487 106:00 

and consequently palmitin must be regarded as consisting of 

1 atom of Palmitic Acid = C,, Hg O; 
| lyf Glycerine CD & PE 8 

1 atom of Palmitin = C,, Hg, O, 

It is evident that this gives a very different formula for 
glycerine from the ordinary one, C;H,,0;. This, however, 
gives a much simpler view of its constitution, proving it to be- 
long to the class of simple organic oxides, like those of ethule 
and methule. This formula also affords a very simple ex- 
planation of the decomposition which glycerine undergoes 
when treated with peroxide of manganese and sulphuric acid. 
It is then, as is well known, converted into formic and carbonic 
acids, as under: 

C,H,0 + O, = C, H, O, + H, O + CO,. 

Palmitin when distilled gave acrolein, but no sebacic acid ; 
palm oil, on the contrary, when subjected to distillation, yielded 
sebacic acid in abundance. ‘This shows that the other acid 
which palm oil contains is the oleic, as it is the only fat acid 
known to yield sebacic acid by distillation. 

Messrs. Pelouze and Boudet discovered that palm oil con- 
tains free glycerine, which can be obtained from it by treating 
the vil with hot water and filtering. I have also succeeded 
in obtaining it by this process. The acid which accompanied 
it was neutralized with carbonate of soda, and the glycerine 
extracted by alcohol. Its quantity was very inconsiderable. 
The presence of free glycerine in palm oil is what might have 
been expected from its containing so large a quantity of free 
palmitic and oleic acids. 

Palm oil also contains small quantities of a blueish-green 
colouring matter. It is heavier than the oil, and forms a 
thinnish layer, which adheres to the lower part of the cake 
which palm oil forms when it is melted in water and allowed 
to cool; I thought at first it was owing to the palm oil having 
been prepared in copper vessels, but on examination I found 
that it was wholly of a vegetable nature. Hydrosulphate of 
ammonia had no effect upon it; caustic alkalies rendered it 
colourless; muriatic and nitric acid had a similar effect, but 
sulphuric acid blackened and apparently charred it. 
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Butter of Cacao.—Cacao butter is obtained from chocolate 
beans, the fruit of the Theombra Cacao; either by subjecting 
the bruised beans to pressure between hot iron plates, or by 
boiling them in water and scumming off the oil as it collects 
on the surface. One pound of beans usually yields from three 
to four ounces of the oil. When first prepared it has usually 
a yellowish colour, but this can be easily removed by boiling 
it with water, or still more completely by treating it with hot 
alcohol. The taste of cacao butter is mild and agreeable; and 
its smell, which resembles that of the beans, is owing to the 
presence of an oily matter, which may be easily removed by 
one or two digestions with alcohol. With caustic soda cacao 
butter forms an excellent soap; but it is by no means very 
easily saponified. The melting point of cacao butter is stated 
by most chemical authors at 122° Fahr. I found that of the 
specimen | examined only 86° Fahr. MM. Pelouze and Boudet 
state it at 85° Fahr. Cacao butter is remarkable for the 
length of time it may be kept without becoming rancid. 

In order te subject the acids which cacao butter contains 
to examination, it was saponified by caustic potash and the 
soap decomposed by muriatic acid. The melting point of the 
mixed acid was 125° Fahr.; they were then dissolved in 
hot spirits of wine and allowed to crystallize, when the cry- 
stals were collected and carefully dried by pressure. These 
solutions and crystallizations were repeated nine or ten times 
to free them from the less crystallizable acids, which remained 
dissolved in the alcoholic mother liquors. The crystals had 
then a melting point of 157° Fahr., and on analysis they 
proved to be stearic acid. The following are the results. 

I. 0°318 gave 0°8835 carbonic acid, and 0°3622 water. 
SAMAR: Aus OMZEO ns gee'vucehen 0300, 
Ti. 10°299. . 4... 0:882 + a O°347 ae 

or pel cent. 
are ll. 41s 

Carbon ...... 76°82 7661 76°85 
Hydrogen ... 12°65 12°84 12°86 
Oxygen ...... 10°52 10°55 10°29 

100°00 100°00 100:00 

This gives the following formula for the hydrous acid : 
Per cent. 

68 atoms of Carbon ...... 5197°6 77°04 
132 » Hydrogen... 848°6 12°58 

7 a,  OKygeN -ovene . 700°0 10°38 

6746°2 100°00 
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In order to determine the atomic weight of the acid the zether 
was prepared in the usual way, by dissolving a portion of stearic 
acid in alcohol and saturating it with muriatic acid gas. 

The ether is a semi-transparent crystalline body, very like 
stearin. It was repeatedly washed with hot water to free it 
from muriatic acid. It was then carefully dried and sub- 
jected to analysis; the following are the results. 

I, 0°2715 gave 0°7595 carbonic acid, and 0°3155 water. 
11.:0°240"45 SO OB TIO Pit Gags 02805 ,, 

or per cent. 
I. TT 

Carbone 77°35 77°30 
Hydrogen... «0's 12'91 12°94 

OXY ZEN sor sescoveee 9°79 9°76 

100:00 100'00 

The formula deducible from these analyses, C,. H,4, O,, is 
equivalent to 1 atom acid, 1 atom ether, and 1 atom water. 

Per cent. 

72 atoms of Carbon... 5503°3 77°49 
144 oy, Hydrogen 898°5 12°62 

yay ef Oxygen... 700°0 9°86 

7101°8 100'00 

When one atom of sether and one of water are subtracted 
from the above, C,,, Hy O; 

—C, Ie Ske 

we obtain the numbers Gres been oS 

as the formula of anhydrous stearic acid : Per cent. 
68 atoms of Carbon....... 5197°7 79°70 
1B Een Hydrogen...... 823°6 12°58 
5 in Oxygen ...... 500°0 10°38 

100:00 

When cacao butter is distilled it yields no appreciable 
quantity of sebacic acid, but when the uncrystallizable acid 
which remains in the alcohol out of which the stearic acid 
has crystallized is subjected to distillation, traces of sebacic 
acid are readily obtained. ‘This indicates that the quantity 
of oleic acid contained in cacao butter is by no means very 
considerable. 

I have every reason to believe that besides the stearic and 
oleic acids, cacao butter contains a third acid, which has a 
melting point of about 140° Fahr., and which may probably 
be the margaric.? Its nature, however, must be the subject 
of some future investigation. 
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XXXVII. Examination of a Fourth Experiment adduced by 
Professor Faraday in support of M. de la Rive’s Theory, 
and regarded by Dr. Fusinieri to be demonstrative. By Dr. 
STerpHeN Marianini, Acting Professor of Particular and 
Experimental Physics in the University of Modena, 8c. &c.* 

COP COCDEE senza il corredo dell’esperienza non siamo sicuri che la na- 
tura sia con noi,’’—Romagnosi, Dell’indole e dei fattori dell incivilmente, p.3. 

HEN in the summer of 1835 I undertook the researches 
which form the subject of the preceding memoir 4th+ 

upon the theory of electromotors, I intended to treat of only 
two of the experiments adduced by Professor Faraday in sup- 
port of the theory of M. de la Rive; namely, of the electric 
currents obtained by the immersion of platina and zinc in sul- 
phuric acid, not placed in contact with each other in those 
parts not immersed in the liquid; and of the spark obtained 
by bringing the copper wire attached to a large copper plate 
immersed in acid, in contact with the zinc wire attached to a 
zinc plate immersed in the same liquid. The third fact brought 
forward by Professor Faraday is the positive electrization of 
copper, when, joined with iron, it is immersed in a solution of 
sulphuret of potassa. I did not wish to speak of this as being 
at all analogous to the other facts already adduced by M. de 
la Rive, and which I had already shown in no way favoured 
the new theory. But having seen that Dr. Fusinieri laid 
great stress upon this same fact, I began to examine it, and 
with the assistance of clear and easy experiments, I think I 
have shown that this also was not more favourable than the 
others to the theory of the learned Genevan. 

I did not write of the fourth experiment pointed out by Pro- 
fessor Faraday, because, not only did it appear to me less con- 
clusive than the others, but I also thought that it must appear so 
to whoever is acquainted with what L have already published 
on electromotors. I now see that I partly deceived myself, for 
Dr. Fusinieri in the discussion into which he enters in some 
pages of the Annale delle Scienze del Regno Lombardo-Veneto, 
relative to my aforesaid memoir, attaching not a little import- 

* From the author’s Memoria desFisica Sperimentale scritta dopo il 1836. 
Anno secundo, 1838. Modena, 1838, 8vo. 
+ The memoir here mentioned is inserted in volume 2] of the Memoirs 

of the Italian Society of Sciences of Modena. Of the other three upon the 
same subject, the first, read at the Atheneum at Venice on the 22nd of May, 
1828, was afterwards published in the 20th volume of those Memoirs; the 
second was printed in Venice by Alvisopoli in 1830, and in the 45th volume 
of the Annales de Chimie et de Physique ; and the third, in the first bimestre 
for 1836 of the Scientific Annals of the Lombardo-Venetian Kingdom. 

Phil. Mag. S. 3. Vol. 18. No. 116. March 1841. O 
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ance to this experiment, declaring it of itself demonstrative. 
And as after such a judgement it may be believed by some 
that I am of the same opinion, and that for this reason I have 
been silent on the subject, I think it incumbent on me to dis- 
cuss it in this article, which may therefore be considered as a 
continuation of the foregoing memoir 4th. 

The experiment now under consideration is that in which, 
by agitating with a feather the liquid in which are immersed 
the zinc and the copper of a voltaic pair, the electric current 
is strengthened. And to explain such increase of strength, 
Professor Faraday observes that the neutralized acid stratum 
adhering to the zinc is removed, the acid stratum in contact 
with it is renewed, and thence the chemical action acquires 
new force. 

By stirring with a feather the liquid in which the voltaic 
pair is immersed, the neutralized acid stratum adhering to the 
zinc is removed when the electromotor has been a short time 
in action; but when the electric current operates for some 
time, half an hour, for example, the greater part of the neu- 
tralized acid stratum remains still adhering to the zinc, not- 
withstanding the agitation of the liquid. I will suppose, then, 
that an experiment is here treated of in which the circuit is 
completed only for a few minutes, in which case, by this agi- 
tation, the neutralized acid stratum covering the zinc is in 
great part removed. . 

By means of the above-mentioned operation, if it is per- 
formed when the electric circuit is interrupted, the current is 
considerably strengthened when the circuit is again completed; 
but whenever the circuit is completed many times, and espe- 
cially when the liquid is water, acidulated or strongly saline, 
the liquid may be agitated with a feather as much as may be 
desired, since the electric current does not acquire more 
strength, as is shown by the constantly decreasing deviation 
of the galvanometer. And this is very natural, since if on 
the one hand, the agitation of the liquid removes some of the 
neutralized acid stratum from the surface of the zinc, the elec- 
tric current causes it to adhere again, and probably in greater 
quantity than the agitation of the liquid subtracts. It is other- 
wise, if, instead of stirring the liquid with a feather, the sur- 
face of the zinc is lightly scraped with the angle of a plate of 
glass; since, in that case, detaching from the metal more neu- 
tralized acid than that which the current causes to adhere to 
it in the same time, the electric current is in a degree visibly 
strengthened. But here it is said that the current is strength- 
ened by agitating the liquid with a feather; we will therefore 

ee ee 
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suppose that such an operation must be made with the circuit 
interrupted. 
When the force of an electromotor becomes weakened by 

keeping the circuit complete for some time, we know that by 
suspending the communication between the poles it recovers 
by itself its primitive force, either entirely or in part, without 
the liquid being agitated in the smallest degree*. In order to 
estimate the true value which in the present question ought 
to be attached to this experiment, it will be useful to know 
how much of the strength is owing to the agitation of the li- 
quid, and how much to the repose of the electromotor. 

For this purpose I procured forty plates of zinc, and as 
many of copper; I tried five pairs, one after the other, taken 
at hazard, and all produced an equal deviation of the galvano- 
meter; all in similar circumstances electrized to an equal ten- 
sion the electrometer furnished with a condenser. I made 
these first trials to be certain that the other pairs also would 
produce the same effects under similar circumstances, and 
thus to be able to make use of new plates in every experi- 
ment, in order the better to obtain the necessary similarity of 
circumstances. 

I have made other preliminary experiments to ascertain 
what force such pairs would lose when kept in action for a 
given time, and how much of it they would regain by being 
left in repose for a like given time. These things being pre- 
mised, I came to the examination of the experiment. 

II. I took therefore a plate of copper and one of zine con- 
nected by means of the wire of the galvanometer, and plunged 
them two thirds of their height into the acidulated water. The 
galvanometer deviated quickly full eighty degrees, but after 
three minutes the deviation was only twenty-one degrees. 
Having interrupted the circuit, and left it so for twenty mi- 
nutes without agitating the liquid, the deviation which followed 
on first re-completing it was thirty-two degrees, and it stopped 
at last at twenty-one. After three minutes the needle was nearly 
stationary at nineteen. I interrupted the circuit for twenty 
seconds, and agitated the liquid, and then completing the cir- 
cuit, the first deviation was of thirty-eight degrees, and when 
the needle no longer vibrated it pointed to about twenty- 
three. 

In another experiment I left the circuit closed during an 
hour and five minutes. ‘The needle of the galvanometer 
pointed thirteen degrees; I opened the circuit, and after five 

* See Memoir upon the loss of tension, &c. in the Annales de Chimie et 
de Physique, August, 1828, O 

9) 
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minutes of repose I closed it; the needle pointed exactly to 
thirty-five, and stopped at the eleventh degree. The circle 
being again interrupted, and the liquid stirred with a feather, 
the needle deviated to thirty-nine, and finally stopped at 
about thirteen degrees. 

From these and other similar experiments I have seen that 
the agitation of the liquid, after the electromotor has acted for 
some time, produces an increase of strength in the current 
independently of the repose. Since in the first, for example, 
of the above experiments, by the inaction only the pair would 
have recovered strength to make the needle deviate thirty-two 
degrees, whilst with the repose and the agitation of the liquid 
combined the force was such as to make it deviate thirty- 
eight degrees. Therefore six degrees of deviation above the 
thirty-two, or the degree of strength expressed by them, was 
procured by the agitation of the liquid. In the second expe- 
riment, then, the force recovered by the agitation of the liquid 
is expressed by four degrees of deviation above the thirty- 
five. 

III. I convinced myself in another way also of this advan- 
tage, which agitating the liquid with a feather confers upon 
the current, by observing the time required for the needle of 
the galvanometer to recede a given number of degrees from 
the point where it had ceased to oscillate; since when the 
liquid was agitated the time was generally greater than when 
it was not agitated, and especially if the liquid itself was in 
any degree a conductor, as for example, spring water, or 
water rendered slightly saline, which also shows that with the 
agitation of the liquid we put an obstacle to the cause which 
tends continually to slacken the current when the circuit is 
complete. 

It is true that this increase of strength caused by agitating 
the liquid is but trifling when compared with that which is 
caused by repose. At all events the proposition of Faraday 
is not the less true, although he may not have remarked that 
the greater part of the increase of strength is owing to the re- 
pose, and the less to the agitation of the liquid: and so much 
the more founded is the proposition of the learned Englishman, 
that these two causes of increase of strength resolve them- 
selves into one; since even simple repose causes the voltaic 
pair to acquire force, probably because the liquid freeing the 
neutralized acid detaches it from the zinc. 

IV. The liquid being agitated, the chemical action acquires 
new vigour, because a new stratum of acid comes into contact 
with the zinc. When indeed this experiment is made by im- 
mersing the pair in distilled water (in which case the effects 
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are the same, except that they are very slow and small) it is 
not a new acid stratum that comes to act upon the zinc; yet 
it will be a stratum of something which will take its place ; 
that is to say, which causes the chemical action exercised by 
the liquid upon the zinc to take new vigour. I limit myself, 
therefore, very willingly to the experiment esteemed by Pro- 
fessor Faraday “of itself convincing,” in which there is no 
doubt that when the liquid is agitated in the said circum- 
stances these two facts follow,—the restoration of the chemical 
action, and the strengthening of the current. 

But from both these phenomena arising when the liquid is 
agitated, does it follow immediately, as a necessary conse- 
quence, that the second is occasioned by the first? To ad- 
mit this is to acknowledge that the chemical theory may be 
proved independently of this experiment. Then this experi- 
ment cannot be proclaimed “ of itself convincing,” because 
some other is necessary to prove the truth of the theory of 
M. de la Rive. 

V. If it is not of itself sufficient to demonstrate the truth 
of the said theory, let us see if at least the aforesaid experi- 
ment may serve to confirm it, on the hypothesis that it may 
already be otherwise proved. 

The Delarivian theory being therefore supposed true, that 
is, it being supposed that the current in the voltaic pair be- 
comes stronger, by the chemical action exercised by the liquid 
upon the zinc, than upon the copper; it is easily understood, 
it is true, how by renewing the acid stratum upon the surface 
of the zinc, the current may be rendered more powerful. But 
together with the zinc, the copper also is immersed in this li- 
quid, and this metal is attacked itself also by the liquid; and 
if proofs of this were wanted, the same chemical theory would 
immediately furnish them; because when copper is joined 
with gold, platina, charcoal, it becomes more highly electri- 
cal. Then by stirring that liquid the chemical action upon 
the copper is also increased, and this, if the theory of M. de 
la Rive be just, must be to the injury of the current. 

Is it not possible that the trifling increase of power ob- 
served on agitation, depends on the chemical action on the 
copper being also increased in power, in consequence of which 
the effect that is apparent is only that which is due to the ex- 
cess of the increase of action on the zinc above that of the in- 
crease of action on the copper? Had this been the case it 
would have been very easy to see it in the experiment I am 
about to relate. 

VI. Instead of placing the two plates of the pair in the 
same cup, I put the copper into one and the zinc into another ; 
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in each cup was contained the usual acidulated water, and in 
each was immersed one end of the galvanometrical wire, which 
was of copper. The circuit being complete, making the two 
plates to communicate with each other metallically, after the 
needle was quiet (it pointed to twenty-five degrees) I stirred 
the liquid in the cup where the zinc was, but I did not per- 
ceive any increase in the deviation. I interrupted the circuit, 
and agitated the liquid, but after it was closed the needle 
showed no greater deviation, or at least the increase was nat 
perceptible. Then at least the increase of power was less 
than when the liquid was agitated whilst the two plates were 
in the same cup; and still, according to the theory of M. 
de la Rive, in this last case, the increase of power ought, on 
the contrary, to be greater, because the chemical action 
upon the zinc was increased, while that on the copper re- 
mained unaltered. 

But again, if the experiment is repeated, leaving the liquid 
in which the zinc is immersed always quiet and agitating that 
in which the copper is immersed, almost the same increase 
in the deviation is observed which was obtained in the ex- 
periments in which the plates were in the same cup; yet ac- 
cording to the new theory, by strengthening the chemical 
action upon the copper and not upon the zine, the copper 
ought to become less negative, and thence the current be- 
come weakened instead of strengthened ; therefore, according 
to the results of the examination hitherto made, the experi- 
ment treated of contradicts the chemical theory, instead of 
confirming it. 

VII. Shall, then, this little increase in the force of the cur- 
rent which follows upon the agitation of the liquid, or upon 
such a cleaning (pulimento, Fr. décapé) of the plates, remain 
without explanation ? I believe it will, so long as no other effect 
is required to take place from that agitation than the increase 
of the chemical action of the liquid on the metal. 

Since by this action either electricity is not developed, or 
even if it is developed it is not that which circulates in the 
electromotors, at least in ordinary cases, as I have shown, 
with many experiments in my second memoir upon this sub- 
ject *: thus the strengthening of this action on either metal 
causes, of itself, no change in the current, as the preceding ex- 
periments may show. But if from this agitation of the liquid, 
besides the strengthened chemical action of the liquid itself 
upon the metals, we see result also an increase in the con- 

* Memoir upon the chemical theory of Voltaic Electromotors, simple 
and compound. Venice, 1830.—Annales de Chimie et de Physique, Sep- 
tember and October, 1830. 
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ductibility of the apparatus, an increase observed and noted 
by M. de la Rive, and by myself many years ago*, the ex- 
planation of the phenomenon will become easy and natural ; 
and whoever wishes to see this verified has only to repeat the 
experiment, which I now proceed to describe. 

Having plunged a voltaic pair into two cups of acidulated 
water, as in the experiment of the preceding paragraph, I put 
the liquid of the cup in which the copper was plunged in 
communication with a third cup, containing some of the same 
liquid, by means of an arc formed by a plate of copper; and 
in this cup was plunged another plate of copper, which formed 
one of the extremities of the galvanometric wire; whilst the 
other was dipped, by means of a plate of copper, into the cup 
containing the zinc plate of the pair. All being thus arranged, 
I closed the circuit, and the needle deviated nearly to the 
fortieth degree, and then stopped at the eighth; and after a 
minute, I interrupted the circuit and held it open for half a 
minute; after which time the needle was stationary at zero, 
and having completed the circuit again the needle deviated 
quickly to thirty degrees, and then stopped again at the eighth 
degree. Hitherto the liquid was not agitated; but a minute 
after the needle became stationary, I opened the circuit, I 
stirred the liquid in the third additional cup, that namely, in 
which was plunged one end of the arc of copper joined to the 
pair, and one plate of copper attached to one end of the wire 
of the galvanometer, and after half a minute, the circuit being 
completed, the needle deviated to the thirty-fifth degree, and 
stopped afterwards upon the ninth. 

If instead of stirring the liquid the plates immersed in it 
are slightly touched with a feather, the increase of strength is 
observed without interrupting the circuit. In one of the ex- 
periments made in this manner, the needle was stationary at 
the sixth degree, and after brushing the plate of copper an- 
nexed to one end of the galvanometric wire and immersed in 
the third cup, the needle moved to nine degrees, whence it 
turned quickly to six. The same thing happened upon brush- 
ing gently the plate which served as an arc in the part im- 
mersed in the cup containing the zinc plate of the pair. 
Now in such experiments those plates of copper served only 

to convey the electricity put in motion by the voltaic pair ; 
then the agitation of the liquid or that light friction upon the 
plates of copper, strengthens the current in proportion as the 
power of conducting or transmitting the electricity is strength- 
ened in the apparatus. 

* Memoir upon the loss of tension which electromotors undergo, &c. 
Section 15,—Annales de Chimie et de Physique, August, 1828, 
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VIII. We may conclude from what has been said, that the 
fourth experiment of Professor Faraday, which, according to 
Signor Fusinieri, is itself demonstrative of the truth of M. dela 
Rive’s theory, is at least inconclusive. 

And here it may be asked, whence then comes that altera- 
tion in the conductibility of the apparatus? And M. de la 
Rive will reply that the agitation of the liquid or the cleansing 
of the plates increases the transmissibility for the electricity 
of the same; and I shall add that the alteration in the relative 
electromotive faculty, or, which is the same thing, in the elec- 
trotism of the plates, also concurs in this. By the current, 
indeed, the electrotism of those plates in which the electricity 
enters, becomes positive, and those from which it proceeds to 
pass into the liquid negative, and that alteration proceeds 
from the matter which the current collects upon the plates 
themselves. Now by the agitation of the liquid, and brushing 
the plates gently with a feather, all or a part of this matter 
which alters the electrotism of them, and hence necessarily 
strengthens the voltaic current, is removed. I was convinced 
that this was connected with the phenomenon, by observing 
that in the second experiment of the preceding paragraph, if 
any one of the plates in which the electrotism becomes nega- 
tive is brushed with a feather, there is an increase of the cur- 
rent much greater than when one of those in which the elec- 
trotism become positive is brushed; and we know that the 
changes in electrotism to positive are, caters paribus, more 
trifling than the changes to negative*. 

IX. The above remarks relative to the experiments in 
question are those which are most obvious, and which suffice 
to show the little or no importance which it has relatively to 
the theory of the electromotors. It may, however, assist those 
who desire to repeat that experiment and to study it, briefly 
to bring under their notice some other phanomena which 
may present themselves, and which do not escape the atten- 
tive observer. : 

Sometimes the feather is scarcely introduced into the liquid 
when the force of the current is increased, and at other times 
it is lowered. At times the said force decreases when the feather 
is scarcely withdrawn from the liquid, at others it increases. 

In two cases the force of the current is seen to increase at 
the moment when the feather is introduced into the trough 
or cup in which are plunged the plates of the voltaic pair. 

ist. When the vessel being smail, the level of the liquid 
increases by the immersion of the feather, and this is not in- 

* See the Memoir upon the alterations produced by the voltaic currents 
in the electrotism of the principal metals, 1837, p. 140. 
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troduced between the two plates. In order that such increase 
of level might not be sensible, I made use for the experiments 
above described, of rather large cups, so that the two plates of 
the pair remained distant from each other four centimetres. 

2ndly. In the second place the force of the current is in- 
creased on the first insertion of the feather, when this being 
wet, one of the plates is touched with it; because it is as if of 
these plates another part was immersed in the liquid besides 
that which is already immersed; and in this case if it is the 
plate of copper which is touched by the wet feather, the in- 
crease of force is much greater than when the plate of zinc is 
touched; and this is very intelligible after what we know re- 
lative to the voltaic pair with unequal plates*. 

The deviation of the galvanometer which indicates the force 
of the current, decreases in some degree when the feather is 
introduced between the two plates, and parallel to them, or 
but little inclined; for in this case the feather intercepts 
part of the current, or, to speak more correctly, obliges part 
of the current to run through a greater distance before ar- 
riving at the other plate. 

Whenever the feather is in the liquid, but not between the 
plates, or if it is between them, remains there so as not to in- 
tercept the current in any great measure; in this case, the 
feather being withdrawn, the current itself slowly diminishes 
in some little degree. 

Finally, when the feather has been for some minutes im- 
mersed between the plates, and so as to cause the deviation 
of the galvanometer to diminish in some degree, and has been 
left there without agitating the liquid, upon withdrawing the 
feather, or even only drawing it aside, the deviation is imme- 
diately seen to increase an equal number of degrees, and the 
needle to stop above that to which it pointed before the feather 
was placed between the plates. 

In one of such experiments, in which the liquid conductor 
was water very slightly saline, the circuit was scarcely closed, 
when the needle deviated eighty degrees; after an hour the 
needle was for several minutes stationary at twenty-eight ; the 
feather being introduced between the plates, the needle itself 
moved to twenty-five. After a space of three minutes I re- 
moved the feather, and the needle oscillated to thirty-three 
and then stopped at thirty. This is an experiment at first sight 
very singular, and for which it would be difficult to assign a 
reason, unless it be remembered that when an electromotor 
has lost force by the circuit remaining complete for some time, 

* Essay before quoted, §§. 129 and following.—Annalen, §c., Oct. 1826. 
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not only does it regain its strength when the circuit is inter- 
rupted, but it recovers a part of it also, when instead of inter- 
rupting the circuit the current itself is only slackened *. 

[To be continued. ] 

XXXVIII. Notices of the Results of the Labours of Continental 
Chemists. By Messrs. W. Francis and H. Crorr. 

To Richard Taylor, Esq. 
Dear Sir, 

E have the honour to forward to you for insertion in 
your valuable Journal, the accompanying notices of the 

researches of Continental chemists. We trust that, however 
brief and imperfect, they may prove acceptable to English 
readers, as but little of what is done abroad, especially in Ger- 
many, seem s to find its way into England, or, at least, until 
after the lapse of some years. As instances of this, we need 
only refer to some papers by English chemists recently pub- 
lished in the Philosophical Magazine, which in a great mea- 
sure have been but repetitions of what has been done long 
since on the Continent. Thus Professor Apjohn would have 
been spared a great deal of labour had he been earlier ac- 
quainted with the works of Liebig and Pelouze, and, still 
more, with those of Mulder. Professor Johnston might have 
been enabled to shorten his experiments on the Benzoe resins, 
and probably would have modified his results, if he had known 
of the researches of Van der Vloet on the same subject, with 
whose formulz some of Professor Johnston’s results agree, 
Our next communication shall furnish some comparison of 
these two excellent investigations. ‘The double oxalates, or 
at least several of them, which have been so well described by 
Professor Graham in his celebrated paper on the constitution 
of the Melates, &c. had been described already by Professor 
Mitscherlich. The fact that aldehyd is contained in nitrous 
zther, as lately stated by Dr. Golding Bird, was known years 
before in Germany from the labours of Heinrich Rose. 

It is, however, needless to multiply instances: our object is 
to assist in preventing their occurrence, and to saye English 
chemists some little unnecessary trouble. It would, it is true, 
be better to give full translations of the papers, but our own 
studies do not allow us time for this: —the extracts, which 
are made in our few leisure hours, are intended to give an 

* See §. 11 of the Memoir already cited, upon the loss of tension which 
electromotors undergo when the circle remains closed, and upon the re- 
gaining of the primitive tension when the communication between the 
poles is suspended. 

Ne 
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idea, not of what has been done, but merely of what is ac- 
tually going on in the Continental chemical world. 

Should our attempt meet your approval and that of your 
readers, we shall with pleasure continue our communication 
monthly. We have the honour to remain, 

Dear Sir, yours truly, 
WituiaM Francis. 

Berlin, Dec. 13, 1840. Henry Crort. 

P.S. The Journals consulted are Poggendorff's Annalen der Physik und 
Chemie ; Liebig’s Annalen der Chemie und Pharmacie; Erdmann’s Journal 
fiir Praktische Chemie; Archiv der Pharmacie ; Annales de Chimie et de 
Physique; Journal de Pharmacie; Berzelius’s <Arsberattelse, and the 
German translation by Wéhler. 

MM. Dumas and Stas have published a second treatise 
on chemical types*. The principal subject of this treatise 
is the action of potassa on the various kinds of alcohol, 
both those which are evidently similar to the wine alco- 
hol, and alsc on those substances which have been consi- 
dered as analogous to alcohol, as for instance, glycerin, &c. 
In many cases it is possible to convert an alcohol into its 
equivalent acid ; but yet chemists have not been able to con- 
vert an acid into its corresponding alcohol. The discovery 
and examination of these alcohols is much more important 
than that of any acid; for the acid is only interesting in as 
far as its combinations with inorganic bases are concerned, 
while an alcohol is the head of a numerous family. A new 
alcohol may be compared to a new metal. The formula of 
the alcohol of any acid is found by substituting H? for O? in 
the hydrated acid. 

In the experiments on the action of hydrate of potassa, it 
was found convenient to employ a mixture of equal parts of 
fused potassa and well-burnt lime. ‘This substance affected 
the glass vessels much less than potassa alone; it may, for 
shortness’ sake, be called lime-potassa. 

If this substance be moistened with alcohol and subjected 
to a gentle heat, a gas is developed which consists chiefly of 
hydrogen, and a little carburetted hydrogen and carbonic 
oxide. The residue contained a quantity of acetic acid, pro- 
portional to the quantity of alcohol employed. If the heat is 
increased, carbonate of potassa remains behind, and marsh 
gas (light carburetted hydrogen) is given off; for under the 
influence of alkalies, acetic acid is decomposed into carbonic 
acid and marsh gas, C+ Ht Ot = C*O*+ C? H*. In the 
usual preparation of acetic acid, two atoms of hydrogen are 

* Annalen der Chemie und Pharmacie, xxxy. p. 129, from Annales de 
Chimie et de Physique, vol. \xvi. p. 113. 
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replaced by two atoms of oxygen; by the action of alkalies 
chloracetic acid C+H Cl’ O+ is decomposed into carbonic acid 
and chloroform C? O* + C? H Cl; acetic acid is decomposed 
into C*O* + C? Hs, or C?O* + C? HH? H. = Alcohol may 
therefore be considered as composed of two bodies represent- 
ing carbonic acid, one the methylic aldehyd, the other marsh 
gas, C+ H® O? = C? Hs + C2? H?O® =* C270: + C Ot In 
the usual method of forming acetic acid C* H? O* loses H’, 
and takes up O%, there then remains C* O? O? + C? H* 
= C+ H+ O%, or acetic acid. By the action of alkalies H* is 
given off; the water of the hydrated alkali is decomposed, 
H? is developed and O* assimilated. If the hydruret of po- 
tassium be treated with dilute sulphuric acid, the hydrogen of 
the hydruret is developed, and also that of an atom of water, 
the oxygen of which combines with the potassium to form po- 
tassa. So it is with the body C* H? O*, C? H? O? — H? + O* 
= C?O+, we then have C2 Ot + C? H* = acetic acid, as before. 
With pyroxylic spirit it is the same; two atoms of water 
are decomposed, C? H‘ O? — H? + O® (from H*O2) gives 
C> H? O: + H+. In the residue, however, is found a large 
quantity of oxalic acid. Peligot has shown that by the ac- 
tion of alkalies formic acid is converted into oxalic acid. Hy- 
drogen is thereby developed, C’ H? Ot — H = C? HO}; 
the oxalic acid in its turn may lose H, and become C? O*, 
or carbonic acid. 

One part of ethal treated with 5-6 parts of lime-potassa, 
gave at 210° to 220° C. a considerable quantity of hydrogen. 
The residue, treated with hydrochloric acid, gave a flocky pre- 
cipitate: this was combined by boiling with hydrate of baryta, 
and the salt thus formed freed from excess of ethal by boiling 
alcohol, and then decomposed by means of hydrochloric acid. 
The precipitate is ethalic acid. The mixture for preparing 
it must not be heated above 220° C., and must be kept at 
that temperature for five or six hours. Ethalic acid is co- 
lourless, tasteless, inodorous, lighter than water, easily fusible, 
solidifies at 55° C., and forms fine shining needles; insoluble 
in water, soluble in boiling alcohol and ether; volatile. For- 
mula Cs? Hs? Ot. The salts, excepting those of the alkalies, 

are insoluble in water and alcohol. Fe? Eth is dark yellow, 

Co Eth is rose-coloured, Cu Eth light green, Ag Eth easily 
decomposed. The potash salt is formed by fusing ethalic 
acid with carbonate of potassa, and extraction with alcohol ; it 
is white, with a pearly lustre, decomposed by excess of water ; 

* The sign here should represent equivalency, but not at all equality —R. K. 
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insoluble in ether; formula C*?H?! O23 + K. Soda salt cry- 
stallizes in large tabular crystals. 

One part of potatoe spirit oil treated at 200° with ten parts 
of lime-potassa, gave hydrogen and valerianic aldehyd ; this 
is further decomposed into valeric acid, C'’° H» O2 — He 

= Ce H~O?,K — H+ O= C’H°0:.K. The residue 
is distilled with sulphuric acid, the vapours condensed in a 
solution of carbonate of soda; out of this the pure valerianic 
acid may be procured by distillation with phosphoric acid. 
Specific gravity of the hydrated acid at 165 C. = 0-937; 
boils at 175°, is not solid at —15°; decomposed by chlorine, not 
by iodine and bromine; by anhydrous phosphoric acid is de- 
composed into inflammable gases and valeron, &c. &c. For- 
mula C'? H' Ot = CoH’ O} + HO; density of vapour 
= 3°55; found by experiment = 3°67. There is also a hy- 
drate with three atoms of water. Many salts do not crystal- 
lize. The silver salt is anhydrous. 

Chlorovalerisic acid is formed when dry chlorine is passed 
into valerianic acid without the aid of sunshine: the reaction 
is violent. ‘The acid is semifluid, transparent, heavier than 
water, inodorous, burning taste; at —18° still fluid; decom- 
posed at 100-120°, with development of hydrochloric acid ; 
combines with water; the impure acid must therefore not be 
washed. Formula C» H’? Ch Ot. 

Chlorovalerosic acid. Formed by passing chlorine through 
valerianic acid in the sunshine: the chlorine is driven out by 
a stream of carbonic acid. Semifluid, inodorous, burning 
bitter taste, heavier than water; not solid at —18°; decom- 
posed above 150°. With water forms a hydrate. Aqueous 
solutions not precipitated by acid nitrate of silver, but the 
solutions in alcohol and ether are after a short time. For- 
mula C'°H°Cl#O+. Potash salt is similar to the valerianate. 
The acid is decomposed by an excess of alkali. The silver 
salt decomposes in the dark; chloride of silver and a peculiar 
body C’? H® Ch Ot are formed. Formula of the silver salt 
C H> Cl*Os, Ag. The oily hydrate contains three atoms 
of water. The boiling point of valerianic acid varies with 
the quantity of water it contains; all three acids form hy- 
drates with three atoms of water, and are herein similar to 
the triacetate and triphocenate of lead. By continued distil- 
lation of potatoe-oil with nitric acid the valerianic aldehyd is 
formed, also by acting on it with sulphuric acid and chromate 
of potassa, or binoxide of manganese. The aldehyd has the 
formula C'!° H'° O2, 

Glycerin treated with lime-potassa in the same manner 
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gave hydrogen, and in the residue formic and acetic acids; a 
glycerinic acid could not be obtained. 

Aceton is decomposed into carbonic acid and marsh gas, 
as Persoz has already stated. 

By passing the vapours of aldehyd over the heated lime- 
potassa, hydrogen is developed, and the residue contains a 
Jarge proportion of acetic acid, C‘ H+ O? lose H and takes 
O = C+ H’ O°; aldehyd therefore resembles the oil of bitter 
almonds. 

Oxalic ether treated with potash gives hydrogen and acetic 
and carbonic acids; oxalate of potash and alcohol are first 
formed, out of these are produced carbonate of potash, acetic 
acid, and free hydrogen. Acetic ether gives hydrogen and 
acetic acid; benzoic zether gives hydrogen, benzoic and acetic 
acids; iodide of ethyl gives iodide of potassium and olefiant gas, 

CHP +K=C:H!+KP+ HO*. This ether forms 
with chlorine; chloride of ethyl and iodine is separated, 

Bi EF is exactly similar to RF. Chloride of zthyl gives 

water, olefiant gas, and chloride of potassium ; the vapour 

treated with ammonia gives chloride of ammonium and ole- 

fiant gas, C+ He Cl? + NHS = C+H'+ NHC). Com- 
mon ether gives carbonic acid, marsh gas, and hydrogen ; 

treated with chromate of potash and sulphuric acid it forms 

acetic acid. 
Acetate of mzethyl-oxide gives hydrogen, formic and acetic 

acids; chloride of methyl gives hydrogen, chloride of po- 

tassium and formic acid, which is afterwards decomposed, 

C:EBCl + KO+H?0:= C?H O3+ KCl + H+. Oxide 
of maethyl gives hydrogen and formic acid. When the va- 

pour of alcohol is passed over heated baryta, the following 

decompositions take place: first, hydrate of baryta and ole- 

fiant gas are formed; in the second stage, the produced hy- 

drate decomposes the alcohol into acetic acid and hydrogen ; 

and in the third, the acetate of baryta forms carbonate and 
marsh gas. The gas given off contains olefiant gas, marsh 
gas, and hydrogen, and perhaps some carbonic oxide. 

It appears, therefore, that several alcohols are capable of 

producing their own peculiar acid. According to the re- 

searches of the late M. Delalande, camphor when treated with 

* Ido not know whether this method of writing organic bodies is known 

in England. Berzelius proposes to write the carbon above, the liydrogen 

below, the nitrogen in the middle; the oxygen to be expressed by dots, as 

before. ‘Tartaric acid is ‘i Ts Benzoic i Bz, &c., &c.—H. C. 
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potash forms a peculiar acid, =camphor + water. CH'°O# 
forms C” His O+, 

A tabular view of several acids, with their hypothetical 
types, which here follow, we have not thought necessary to 
add; the above short extract of this very important paper is 
only an outline, those who wish for more information must 
refer to the original paper. 

The oil obtained by distilling the fresh plants of Ruta 
graveolens is yellowish-green, smells like the plants, tastes 
bitter and aromatic; sp. gr. = 0°837 at 18° C. If allowed to 
stand some time over chloride of calcium and then distilled, it 
boils at 218°, and the boiling point rose to 245°. ‘The sp. gr. 
of the colourless product varies from 0°831 to 0°838. Ra- 
tional formula C*s H*s + O%. Specific gravity of the vapour 
was found to be 7°892, ought to be 7°690; therefore the atom 
is equal to four volumes. The oil is soluble in sulphuric 
acid, and is precipitated by water; hydrochloric acid gas has 
no action; by chlorine and nitric acid it is decomposed. 
These experiments have been made by Dr. H. Will in 
Giessen. (Annalen der Pharmacie, xxxv. 235.) 

Erdmann has examined the action of chlorine and bromine 
on indigo. ‘The indigo-blue used for these experiments con- 
tained a little indigo-red, which is, however, of no consequence. 
Dumas’s formula for indigo-blue is C'° H® N O°; Erdmann’s 
is C*? H'!? N03. When chlorine is passed into indigo-blue 
suspended in water, the blue colour changes to a grayish- 
green, and then to yellow. Hydrochloric acid remains in 
solution. It is best to employ a low temperature. When 
this mass is distilled with water a volatile substance passes 
over; it is called chlorindopten, or chloride of indopten ; it 
is formed in very minute quantities; it may be purified by 
repeated distillations with water and sublimation; it is then 
obtained in the form of fine needles of a peculiar unpleasant 
smell; fuses to a colourless oil; is,not very volatile; soluble in 
hot water, but very little in cold; soluble in alcohol. Formula 
C* H’ Cl? O. It is, however, a compound of two substances. 
When heated with caustic potassa or its carbonate the dis- 
agreeable smell disappears, a substance passes over similar in 
appearance to chloride of indopten, but differing from it in 
hot giving a sour solution with water. Erdmann calls it 
chlorindatmit(!), from érpés. It is formed in very small quan- 
tities; its formula is C'’?H*Cl)O*% The residue, after di- 
stilling off the chlorindatmit, is crystalline, soluble in water, 
less so in alcohol; it is allowed to stand in the air and then 
extracted with alcohol. Out of this solution acids precipitate 
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chlorindoptenic acid. This body has a disagreeable smell, 
behaves similar to chlorindopten, reacts acid, gives with a salt 
of silver a voluminous yellow precipitate, with lead a white 
one. Formula of silver salt is C'? H? Cl. Ag; formula of 
free acid C'!* HS Cl’ O. 

After the chloride of indopten has been distilled off, the 
residue is boiled with a large quantity of water, a resinous 
matter remains behind, and the filtered solution deposits a 
a red body; on evaporation more is obtained, but less pure. 
This substance is dissolved in boiling alcohol; on cooling, 
reddish-yellow or brown crystals are deposited; these are 
chloride of isatin, with a little bichloride of isatin and resin: 
by repeated crystallizations it may be obtained pure. It is 
inodorous, bitter, may be heated to 160° C. without decompo- 
sition, above that temperature it is partly decomposed and 
partly sublimed ; 100 parts of alcohol of 0°83 dissolve 0°453 
parts of it. It is neutral, not altered by hydrochloric or 
sulphuric acids; is decomposed by nitric acid. Formula 
C’°H+NCI1Os. ‘Treated with caustic potassa it is dissolved 
with a yellow colour; it takes up an atom of water and forms 
chlorisatinic acid. The potash salt crystallizes easily, is pu- 
rified by solution in alcohol, &c.; the acid cannot be separated 
when precipitated by an acid out of the potash salt; it decom- 
poses and forms chloride of isatin, which body may in this man- 
ner be obtained perfectly pure. Potash salt explodes. For- 

mula C'* H? NCIO'.K. Silver salt is C'’°H® N Cl Ot. Ag. 
There are two salts with baryta, one with one atom of wa- 
ter, the other with three. The lead salt is at first yellow 
and gelatinous, but becomes flocculent and of a splendid 
red colour. ‘The copper salt is at first yellowish-brown, 
but becomes granular and blood-red, &c., &c., &c.  Bi- 
chloride of isatin remains in the alcoholic solution out of 
which the chloride has been obtained ; out of this it may be 
obtained: of course the latter crystallizations are the freest 
from the protochloride. These two bodies are extremely 
similar; the bichloride differs from the other in being more 
soluble in alcohol, and the bichlorisatinate of potash gives 
with lead salts a yellow precipitate, which does not become 
red like the chlorisatinate. Bichloride of isatin is, when ob- 
tained from its aqueous solution, a yellowish-red granular 
powder; out of alcohol it crystallizes in red shining needles 
and tables; sometimes four-sided prisms may be recognised ; 
it may be partly sublimed, but the greater part is decom- 
posed ; more soluble in water than the protochloride. 100 
parts alcohol of 0°83 dissolve at 14° 3:40 parts. Formula 
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C“ H+NCl?O:. Treated with potash it forms a bichlori- 
satinic acid, which may be precipitated from its solution in 
potash by means of an acid, in form of a yellow powder ; 
this acid is tolerably soluble in water ; it is easily decomposed ; 

" its aqueous solution decomposes at 60°, or even in the cold; 
it contains one atom water of crystallization. (Journal fir 
Praktische Chemie. Erdmann and Marchand, xix. 321). 

The potash salt crystallizes in needles and leaves. For- 

mula C's H® N Cl? O+. K; the crystallized salt contains two 
atoms of water. ‘The baryta salt crystallizes in the same form, 
and contains two atoms of water. The copper salt is at first of 
the colour of hydrated oxide of iron, but becomes carmine red 
and granular; when pressed assumes a golden lustre. The 
silver salt is partly soluble in water, and may be crystallized ; 
it is anhydrous. 

The more of the resinous substance is formed the more 
chloride of indopten is produced; it is not formed by the 
action of chlorine on the proto- or bichloride of isatin. 
The resin examined was not quite pure, for the product 
formed by the action of chlorine on indigo-red was always 
mixed with it; it is obtained in small quantities. The for- 

mula appears to be C”? H’ Cl? N3 O', or CH" Cl* N Ov. 
It is probable that the ammonia resin, and chloride of 

indopten are unimportant and variable products. 
By the action of bromine similar substances are produced, 

bromide of indopten; and by potassa, bromindatmit and bro- 
mindoptenic acid. They have apparently the same formula as 
the chlorine compounds ; also bromide of isatin and bromi- 
satinic acid, bibromide of isatin and bibromisatinic acid: they 
have the same composition, and are in other respects very 
similar to the chlorine compounds. 

In a second paper Professor Erdmann promises to make 
katy the action of certain reagents on the bodies described 
above. 

Formic ether may be prepared, according to Weehler, by 
distilling a mixture of ten parts of starch, thirty-seven parts 
finely powdered binoxide of manganese, thirty parts of sul- 
phuric acid, fifteen parts of water, and fifteen of mere al- 
cohol. In the product of the distillation chloride of calcium 
is dissolved, and the ether distilled off in a water bath; 
from the solution of chloride of calcium in the ether, small 
yellow crystals are sometimes deposited: they have not been 
further examined. (Annalen der Chemie und Pharmacie, xxxv. 
238.) 

Phil. Mag. 8.3. Vol. 18. No. 116. March 1841. P 
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According to Weehler telluret of ethyl may be formed by 
distilling baryto-sulphate of ethyl oxide (sulphovinate of ba~ 
ryta) with telluret of sodium; the telluret, as obtained by 
fusing tellurium or telluret of bismuth with carbonate of soda 
and charcoal, is thrown into the baryta solution in a solid 
state. (Poggendorff’s Annalen, |, 404.) 

The ether is a yellowish-red fluid, like bromine, heavier 
than water, in which it is but little soluble; has a strong dis- 
agreeable smell, similar to sulphuret of ethyl and to tellu- 
retted hydrogen; appears to be poisonous; boils under 100°; 
inflammable, burns with a white flame with blue margin, in 
the air changes into tellurous acid. When acted on by the ni- 
tric and hydrochloric acids, an oily body is formed: contains 
68°75 per cent. tellurium; it should contain 68°53. For- 
mula C‘H Te. 

Mylius has found that Helix pomatia, nemoralis and hortensis 
(but no species of Limnca or Planorbis) contain pure uric acid 
ina free state; it occurs in a glandular organ situated immedi- 
ately beneath the shell,—which is therefore without doubt the 
urinary vesicle,—secreted in a solid form, so that it shines 
through the covering membrane. To obtain it, it is merely ne- 
cessary to cut open the organ and squeeze out the white paste 
into a glass. When a sufficient quantity has been collected, it is 
shaken frequently with water, by which the slime is suspended 
and can be poured off, while the uric acid is deposited at the 
bottom of the vessel. This simple and mechanical operation 
suffices to obtain a perfectly pure product: it has a pulve- 
rescent appearance, and contains no crystalline particles. The 
quantity obtained from each garden snail amounts to about 
one and three-quarter grains. (Journal fiir praktische Chemie, 
xx. p. 509.) 

Brucin is considered by Dr. Fuss of Schénebeck to be 
merely a mixture of strychnia with a resin, from which it 
may be separated by a peculiar method. Erdmann has made 
some experiments with the products obtained by Dr. Fuss. 
(Journal fiir praktische Chemie, xix. 510.) 

For preparing the chlorate of barytes, Duflos dissolves 
thirteen and a half parts of chlorate of soda in double the 
quantity of water, to which he adds a solution of ten parts of 
tartaric acid in as much water, and pours the whole into a 
glass containing a double volume of alcohol. It is then left 
to stand for twenty-four hours, filtered, the acid liquid neu- 
tralized with pure carbonate of barytes, which has been pre- 
viously mixed with water to a milk, the spirit left to evapo- 
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rate, then filtrated anew and evaporated to crystallization. 
The precipitate effected by the alcohol is the bitartrate of 
soda, which may again be employed for preparing chlorate 
of soda by adding it to a hot solution of sixteen parts of 
chlorate of potash in four times the quantity of water, leaving 
the mixture to cool, filtrating and evaporating the solution to 
forty parts. (Arch. der Pharm., xxiii. p. 306.) 

After continued rain, a heap of coals which lay exposed to 
the weather was observed to smoke, and to be on fire in the 
interior ; when separated it was found in the middle to be in 
full combustion. In the neighbourhood of this part the coals 
were half-roasted, forming an almost compact mass, and be- 
tween them was found a bright yellow, soft, saltlike substance. 
This proved on examination to be sulphate of magnesia; the 
ashes of coals contain magnesia, the burning pyrites afforded 
the sulphuric acid. Dr. Mohr compares it to the formation 
of cyanide of potassium at the Clyde iron-works*. How the 
sulphate of magnesia became collected into masses is not so 
easily explained. (Annalen der Pharmacie, xxxv. 239.) 

Kersten has employed with advantage a mixture of hydro- 
chloric acid and finely powdered chlorate of potash, added in 
small portions, as proposed by Berzelius for oxidizing and 
dissolving metals and metallic sulphurets, even for the ana- 
lysis of the native metallic sulphurets, the sulphur beiag 
quickly and easily converted into sulphuric acid. M. Ker- 
sten, moreover, observed that finely powdered iron pyrites 
was perfectly decomposed by boiling with chlorate of potash, 
without any addition of acid, the sulphur being converted into 
sulphuric acid, and the iron remaining undissolved in the 
form of peroxide. (Berzelius’s Jahresbericht, xix. p. 288.) 

The difficulty of obtaining the hyposulphite of soda in good 
crystals, according to the usual methods, has induced C. F. 
Capaun to make known the following modified plan, by 
which in the shortest time considerable quantities of the 
salt can be prepared, and of a kind which leaves nothing 
further to be desired. A solution of caustic soda is boiled with 
sulphur so long as any of this.is dissolved, the liquid poured 
from the undissolved sulphur put aside to cool, and then a 
current of sulphurous acid gas passed through it, until a test 
filtered from the separated sulphur has still a wine-yellow co- 
lour—it contains therefore still undecomposed sulphuret of 
sodium,—and by no means appears colourless. The liquid 
is now filtered and evaporated in a porcelain basin over a 

(* Described by Dr. Clark in L, ar Phil, Mag. vol. x. p. 329.—Ep1r.] 
2 



212 Geological Society :—Mr. Bowman on the 

quick fire to the consistency of a syrup. Although during 
evaporation the atmospheric air is not excluded, there is no 
fear of the hyposulphite of soda being more highly oxidized, 
as the oxygen of the atmosphere must first exert its oxidizing 
action on the sulphuret of sodium. The liquid thus eva- 
porated is filtered, if necessary, and mixed with half its vo- 
lume of alcohol and well shaken; in a few minutes the liquid 
separates into two layers; the upper or alcoholic one, which 
has taken up all the sulphuret, is of a gold-yellow colour, the 
lower one containing the hyposulphite of soda dissolved in 
water, colourless. ‘The vessel is now placed aside, that the 
hyposulphite may crystallize under the covering of the alco- 
holic solution of the sulphuret, which happens in the course 
of twelve hours. The crystals obtained, when quantities not 
too small have been operated with, are of considerable size, 
and without any yellow tinge; and when dissolved in water 
and treated with an acid, let fall a considerable quantity of 
sulphur with disengagement of sulphurous acid. (Journal 
Si praktische Chemie, xxi. pp. 310-313.) 

Marchand prepares the dioxide of copper in the following 
manner : very thick wires of pure Russian copper were brought 
in a Gay~-Lussac’s furnace immediately to a violent white heat, 
which having continued half an hour, was diminished toa dark 
red heat: the oxide was taken out after some hours ; it formed 
black crystalline masses, which were in part hollow, and gave 
a beautiful purple-red powder. In the greater part there was 
still metallic wire inside, around which the dioxide had ar- 
ranged itself in a crystalline state. Another time the dark 
red heat was maintained during eight or nine hours. Both 
products were reduced by hydrogen; the first portion con- 
tained 88°6 copper and 11*4 oxygen, the second 88°65 Cn. 
and 11°35 O. (Journal fiir praktische Chemie, xx. p. 505.) 

[To be continued. ] 

XXXIX. Proceedings of Learned Societies. 
GEOLOGICAL SOCIETY, 

(Continued from vol. xvii. p. 542.) 

Feb. 26, 1840. PAPER was then read, ‘‘On the characters of the 
(Continued.) fossil trees lately discovered near Manchester, on 

the line of the Manchester and Bolton railway; and on the forma- 
tion of Coal by gradual subsidence ;” by John Eddowes Bowman, 
Esq., F.L.S., communicated by the President. 

The paper commences with a few preliminary remarks on the 
theory of repeated subsidences of the land during the carboniferous 
era; and on the drift theory, the author being of opinion that the 
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former receives much support from the phenomena presented by 
the fossil trees found near Manchester, and that it affords in return 
great assistance in explaining the peculiarities of their position. 
Mr. Bowman does not deny that plants may have been carried into 
the water from neighbouring lands, as in the instances of fern-fronds 
and other remains scattered through the sandstones and shales ; but 
he conceives it is difficult to understand whence the vast masses of 
vegetables necessary to form thick seams of coal could have been 
derived, if drifted’; and how they could have been sunk to the bot- 
tom, without being intermixed with the earthy sediment which was 
slowly deposited upon them. He is of opinion also, that without a 
superincumbent layer of mud or sand, to retain the hydrogen during 
the process of bituminization, ordinary caking coal could not have 

been formed. Another difficulty, connected with the drift theory, 
Mr. Bowman says, is the uniformity of the distribution of the vege- 
table matter, throughout such great areas as those occupied by the 
seams of coal, extending in the instance of the lower main seam of 
the great northern coal field, over at least 200 square miles; and in 
that of a thin seam below the gannister, or rabbit coal, in a linear 
direction of thirty-five miles from Whaley Bridge to Blackburn. 
On the contrary, he believes, that it is much more rational to sup- 
pose, that the coal has been formed from plants, which grew on the 

areas now occupied by the seams,—that each successive race of 
vegetation was gradually submerged beneath the level of the water, 
and covered up by sediment, which accumulated till it formed an- 
other dry surface for the growth of another series of trees and plants,— 
and that these submergences and accumulations took place as many 
times as there are seams of coal. He also explains the thinning 
out of the seams and other strata of the coal measures, by irregu- 
larities in the mode or extent of the depressions. 

Mr. Bowman then proceeds to the examination of the phenomena 
presented by the fossil trees discovered on the line of the Manchester 
and Bolton railway, and described by Mr. Hawkshaw in his paper 
read on the 5th of June, 1839, (see L. & E. Phil. Mag.vol. xv. p.539.) 
and in the preceding communication (see vol. xvii. p. 541.): it will 
be necessary tu notice therefore only those points which did not 
claim that gentleman’s more particular attention. Mr. Hawkshaw 
describes generally the markings on the internal casts of the trees ; 
but as it is difficult to convey a correct notion of their waved and 
anastomosing characters either verbally or by reduced drawings, Mr. 
Bowman applied paper to the surface of the stems and carefully 
traced the grooves or furrows by following them exactly with an in- 
strument. ‘The only indications of scars, which he could find after a 
long and close search, were at one point near the base of the largest 
tree, and though indistinct, his practised eye recognized them to be 
those of a Sigillaria. He detected also in some parts, on the ribs 
of the same tree, the fine wavy lines so often visible on decorticated 
specimens of that family. In describing the second tree, he alludes 
to a deep wedge-shaped rift on the south-east side, which had been 
coated with coal, and is strongly marked with wavy lines, like those 



214 Geological Society :—Mr. Bowman on the 

on the surface of the alburnum of a gnarled oak. On the fifth tree, 
he discovered a longitudinal concavity on the north side, and he 
states that it resembles the impression which would be left in a di- 
cotyledonous tree, by the pressure of a parasitic plant. The charac- 
ters of the roots are also detailed at considerable length, particularly 
their mode of bifurcation, and position with respect to the horizon. 

From a careful consideration of the phenomena presented by the 
fossils, Mr. Bowman is convinced that they stand where they origin~ 
ally flourished; that they were not succulent, but dicotyledonous, 
hard-wooded forest trees; and that their gigantic roots were mani- 

festly adapted for taking firm hold of the soil, and in conjunction 
with the swollen base of the trunks to support a solid tree of large 
dimensions with a spreading top. 
‘Towards the close of 1838, in forming the railway tunnel at Clay- 

cross, five miles south of Chesterfield, a number of fossil trees were 

found, standing at right angles to the plane of the strata. The tunnel 
passes through the middle portion of the Derbyshire coal measures, 
which there dip about 8° to a little north of east. The bases of the 
trees rested upon a seam of coal fifteen inches thick. The exterior 
of the stems consisted of a thin film of bright coal, furrowed and 
marked like the Sigillaria reniformis ; and the interior consisted of a 
fine-grained sandstone. Mr. Conway, who supplied Mr. Bowman 
with an account of the discovery, infers, from the information which 
he obtained, that there must have been at least forty trees found, 
and judging by the area excavated, he is of opinion that they could 
not have stood more than three or four feet apart. There were no 
traces of roots, the stems disappearing at the point of contact with 
the coal. Several specimens of Stigmaria ficoides were also noticed 
by Mr. Conway, lying horizontally, and about three feet in length. 

With reference to fossil trees in general, and especially to those 
near Manchester, Mr. Bowman proceeds to show still further; Ist, 
that they were solid, hard- wooded, timber trees, in opposition to the 
common opinion that they were soft or hollow ; 2nd, that they ori- 
ginally grew and died where they have been found, and consequently 
were not drifted from distant lands ; and, 3rd, that they became hol- 
low, by the decay of their wood, from natural causes, similar to those 
still in operation in tropical climates, and were afterwards filled with 
inorganic matter, precipitated from water. 

1. In stating his reasons for believing that the coal measures’ casts 
were solid timber trees, Mr. Bowman alludes to the rifting of the 
bark of modern forest trees, in consequence of the expansion caused 
by the annual addition of a layer of wood between the bark and the 
alburnum ; and to the thickening or swelling of the base of the trunk 
and main roots, and the apparent lifting up of the latter out of the 
soil, in old trees, by the greater annual increase of the upper part or 
that nearest to light and heat. These phenomena in vegetation were 
illustrated by a diagram, which exhibited the form of the base of the 
stem and the root of a sapling, and of a full-grown tree. The author, 
in applying these characters to the fossils of the Manchester and 
Bolton railway, alludes to the irregular, longitudinal and disconti- 

ie 
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nuous or anastomosing furrows on their surface, to the swelling out at 
the base of their stems, and to the divergence as well as the angle 
of dip or downward direction of their roots. These characters, he 
Says, are not observable in soft monocotyledonous trees, their stems 
never expanding laterally, and being as thick when only a few years 
old and a foot high, as when they attain the height of 60 or 100 feet. 
Their roots also, instead of being massive and forking, generally pre- 
sent a dense assemblage of straight succulent fibres, like those of an 
onion or hyacinth. Analogy, therefore, as far as outward shape and 
habit are concerned, he adds, is strongly in favour of the fossils 
having been solid timber trees. 

Mr. Bowman then combats the view, generally entertained, that 
fossil stems with perpendicular furrows, as in the Sigillaria, were 
succulent or hollow plants*. He states, that good specimens of de- 
corticated Sigillarize exhibit fine straight, and curled or gnarled striz, 
similar to those on the alburnum of many modern forest trees ; and 
that this character, in conjunction with others, renders it almost cer- 
tain, that the fossils had a separate bark,—a feature which is consi- 
dered in vegetable physiology to be a proof of a woody structure. 
He also alludes to the existence in many of the decorticated parts of 
these fossil trees of little prominences like those in barked timber; 
likewise to the scars left by the disarticulation of leaves; and he ac- 
counts for the general absence of the latter on large and old trunks, by 
their having been obliterated, in consequence of irregular expansion 
from the deposition of new layers of wood: he notices moreover the 
absence in small Sigillarize of the irregular furrows observed on large 
specimens, and due in his opinion to the unequal expansion by the 
addition of new layers of wood. In support of these proofs of the 
original solid nature of the trees, Mr. Bowman exhibited polished 
slices mounted upon glass of portions of a similar fossil tree dis- 
covered in sinking a shaft 300 or 400 yards N.W. of those found on 
the line of the railway. The slices were made from a portion which ex- 
hibited within the carbonized bark,a patch browner, heavier, and more 
compact than the rest. In these slices, made under Mr. R. Brown’s 
direction, that gentleman discovered in the transverse section, the 
uniformity of vascularity which is evidence of coniferous structure ; 
and in the longitudinal section parallel to the medullary rays, the ex- 
istence of these rays. The slices therefore exhibit proofs of dico- 
tyledonous structure, and considerable probability of that structure 
being coniferous. The important evidence however of coniferous 
structure deducible from discs in sections parallel to the rays, was not 
obtained, the vessels having apparently undergone some altera- 
tion. 

2. With respect to the second point, that the trees grew and died 

* Specimens of recent dicotyledonous wood from New Zealand, lent to 
the author by Mr. R. Brown, were exhibited on the table of the Meeting 
Room. ‘They displayed both upon the bark and the naked wood, longitu- 
dinal ribs and intermediate furrows as regular as those on Sigillarie ; and 
therefore prove that these characters are not incompatible with a dicotyle- 
donons structure. 
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on the spots where they are now found, and that they were not drifted 
from distant lands, Mr. Bowman says, the arguments in favour of 
the formation of beds of coal by a series of subsidences of the sur- 
face on which the vegetables that produced the coal grew, naturally 
lead to the inference that the trees associated with the coal also 
flourished on the same spots. In opposition to the opinion that trees 
would naturally float in an upright position in consequence of the 
greater specific gravity of the base and roots, he asserts, that the 
trees would maintain that position only as long as they floated, and 
that they would fall and lie prostrate when grounded on shoals or 
cast ashore. He agrees with Mr. Hawkshaw in the opinion, that 

it is more difficult to account for a number of great trunks being de- 
posited in the position of the fossils in the Manchester railway, than 
to imagine that they grew on the surface of the bed on which they 
now stand. Their position on a bed of coal is another proof, Mr. 
Bowman conceives, that the trees were not drifted, for if they had 
been transported by currents of water they might equally have been 
imbedded in the alternating shales or sandstones. If beds of coal 
are the accumulated remains of many generations of a luxuriant ve- 
getation, the rich compost thus formed, Mr. Bowman argues, would 
be well suited for the growth of trees. Again, the angle at which 
the roots of the fossil trees, particularly of that distinguished by him 
as No. 2, dip towards the bed of coal, is considered by the author 
evidence of the trees being in their original position, because, had 
they been drifted, the roots would have been bent upwards, by the 
downward pressure of the trunk, when the water had left them. 
The appearance of the roots being cut off, where in contact with 
the coal, he is of opinion, may be explained by the fermentative 
process having dissolved the vegetable texture below the surface. 
The stems and upper portions of the roots standing above the coal, 
he explains by reference to similar phenomena in peat marshes, in 
which the bases of the trunks of ancient forest trees stand with the 
roots exposed, owing to the shrinking of the surrounding peat. 

3. In discussing the third point, that the trees became hollow 
from the decay of their wood, and were filled with sedimentary 
matter after their immersion, Mr. Bowman refers to the facts re- 
corded in the preceding paper by Mr. Hawkshaw (see vol. xvii. p.541); 
and in confirmation of them states, that Mr. Schomburgk during his 
four years’ travels in Surinam repeatedly observed similar phzno- 
mena. Mr. Bowman then proceeds to explain the processes by which 
he conceives the fossil trees were gradually submerged—their upper 
branches torn off—their interior removed by natural decay,—their 
bark converted into coal,—their central cavities filled with sediment; 
and the whole buried beneath the stratum of shale or sandstone in 
which the trees were discovered. He afterwards applies the phe- 
nomena which he believes these processes produced to the condition 
and position of the trees and the arrangement of the surrounding 
sedimentary matter. ‘The author then enters into the inquiries, lst, 
the time which the trees may have required to attain their dimen- 
sions ; and consequently the minimum of years requisite for the accu- 
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mulation of the vegetable matter; and, 2ndly, what thickness of 
vegetable matter was necessary to form the stratum of coal nine 
inches thick, over which the trees stand. Mr. Schomburgk is of 
opinion that a dicotyledonous tree which would require in temperate 
climates one hundred years to attain a certain diameter, would arrive 
at the same dimensions within the tropics in sixty or eighty years. 
The largest of the fossil trees forming the immediate subject of the 
paper is equal in circumference to an oak of 130 years growth in 
this climate, or about 100 for a climate equal in temperature to that 
of the tropics. Allowing therefore that some time elapsed after the 
commencement of vegetation on the surface of the then dry land 
before the trees began to grow, Mr. Bowman infers, that 100 years 
must be the minimum of time which would be required for the 
production of the vegetable matter out of which the nine inches of 
coal were produced. With respect to the depth of the stratum of 
vegetable matter from which it was formed, Mr. Bowman takes for 
his data, the thickness of the bed of coal, nine inches; the distance - 

between the top of the seam and the bottom of the trunk under the 
arch formed by the roots, fifteen inches; and for the distance to the 
surface of the ground, four inches, or in all twenty-eight inches ; 
whereby he infers that the thickness of the solid coal is equal to about 
one-third that of the vegetable matter out of which it was produced. 

A paper was lastly read, ‘‘ On the character of the beds of clay ly- 
ing immediately below the coal seams of South Wales ; and on the 
occurrence of coal-boulders in the Pennant grit of that district ;” by 
William Edmond Logan, Esq., F.G.S. 

Immediately below every regular seam of coal, in South Wales, 
(and nearly 100 are known to exist) is constantly found a bed of clay, 
varying in thickness from six inches to more than ten feet, and called 
the underclay, undercliff, understone, pouncer, or bottom stone. It 
is so well known to the collier, that he considers it an essential ac- 
companiment of the coal; and only where it ceases, does he give up 
his expectation of finding coal. Seams which have thinned out in 
one portion of a work, have been recovered in another by following 
this bed. 

The underclay is always more or less argillaceous, but it is never 
without a considerable admixture of sand; and in most cases it yields 
a very good fire-clay ; which, though generally tough when freshly 
cut, yet crumbles on exposure into a mass of a grey colour. Oc- 
casionally it is quite black, in consequence of the presence of carbo- 
naceous matter, and it then sometimes resists the effects of the 
weather. Under a part of the lowest seams of coal between Swan- 
sea and the Bury river, it is a hard, durable, finely grained, siliceous 

stone. It is however by containing innumerable specimens of Stig- 
maria ficoides, that these beds are most strongly marked, other 
portions of the coal measures presenting the same mineral composi- 
tion. The stems of the Stigmaria, which are usually of considerable 
length, always lie parallel to the plane of the bed, and nearer to 
the top than the bottom ; and they are occasionally compressed, their 
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diameter varying from two to six inches. Their long slender pro- 
cesses, covered with a pellicle of carbonaceous matter, form an en- 
tangled mass, and traverse the beds in every direction, vertically, 
horizontally, and obliquely ; but Mr. Logan has never been able to 
trace them to their termination, though he has followed single pro- 
cesses for considerable distances. Portions of the stem of the Stig- 
maria are found in other parts of the coal measures, but it is only 
in the underclay that the fibrous processes are attached to the stem 
or associated with it. Mr. Logan, however, states, that if such 
specimens exist in other strata, they are not so likely to be ex- 
posed, as those beds are less worked than the underclay. 

In some instances, the Stigmaria, with its processes, is found 

equally abundant in the roof as in the floor of a coal pit, but in 
such cases the roof has been ascertained to be the underclay of an 
immediately overlying bed of coal. 

Mr. Logan then quotes at length, Steinhauer’s account of the 
- Stigmaria, as it gives the best explanation he has seen of the ex- 
ternal botanical character of the plant, as well as of its position in 
the beds in which it occurs; the only point in which his experience 
induces him to differ from Steinhauer, being the vertical extent to 
which the fibres range. Mr. Logan has never traced them in that 
direction more than seven or eight feet from the stem, though he 
admits they may have an horizontal range of twenty or more feet. 
(American Phil. Trans. New Series, vol. i. p. 265, 1818.) 
When it is considered, that over so considerable an area as the 

coal field of South Wales, not a seam has been discovered without 
an underclay, abounding in Stigmaria, Mr. Logan says, it is impos- 
sible to avoid the inference, that there is some essential and neces- 
sary connexion between the existence of the Stigmaria and the pro- 
duction of the coal. To account for their unfailing combination by 
drift, seems to him unsatisfactory; but whatever may be the mu- 
tual dependence of the phenomena, he is of opinion, that it affords 
reasonable grounds to suppose, that the Stigmaria ficoides is the 
plant to which may be mainly ascribed the vast stores of fossil fuel. 

In the second part of the paper, Mr. Logan gives an account of 
boulders or rounded fragments of coal, contained in the coal mea- 
sures themselves. 

The thickness of the coal deposit of South Wales, he says is 
equal in the deepest part to 12,000 feet, and that consequently a 
long period must have been required for the accumulation of the 
materials, and that any fact which may assist in ascertaining its 
length, cannot fail to possess some interest. The occurrence of 
these boulders he is of opinion bears upon the subject. 

From a layer of indurated clay, two inches thick, lying on the 
top of a seam of common bituminous coal, and covered by hard sand- 
stone, at Penclawdd on the Bury river, he obtained, in the spring of 
1839, a worn, rounded mass of cannel coal, six inches long, four 
inches wide, and two inches thick. The discovery of this singular 
specimen having excited attention to the subject, it was ascertained 
that in the quarries of the enormous mass of sandstone forming 

| 
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Cilfay hill and the Town-hill range from Swansea to the Bury river, 
there occur many irregular conglomerate beds, formed of innume- 
rable pebbles and small boulders of coal, sometimes four inches in 
diameter, mingled with sand and pebbles of ironstone; and there 
have been also found in them small boulders of granite and mica- 
slate. Many impressions, coated with coal, of Sigillariz and other 
plants, occur in the mass ; and the difference of age between this coal 
and that of the pebbles, he says, is beautifully illustrated in numerous 
cases, where the softer coal of the plants has been pressed down 
upon the harder coal of a layer of the pebbles, by the cleavage of 
the former, however distorted the plant may be, presenting an uni- 
form parallelism, while the cleavage of the coal forming the pebbles 
is parallel with the sides of the pebbles, which are inclined in all 
possible directions. 

The pebbles consist principally of the common bituminous coal of 
the neighbourhood, but two have been found composed of cannel 

coal, the only seams of which, existing in the lower measures, occur 
about 2000 feet below the conglomerate bed. 

The Cilfay sandstones and the measures at Penclawdd, in which 
the first-mentioned pebble was found, form part of the Pennant grit ; 
and there is reason to believe, that throughout the whole of this 
great mass of sandstone, about 3000 feet thick, occasional beds of 
coal pebbles are to be met with: but Mr. Logan has not seen any 
associated with the lower measures. 

March 11, 1840.—A paper was first read, ““On the Rocks which 
form the West shore of the Bay of Loch Ryan in Wigtonshire, N.B.,” 
by John Carrick Moore, Esq. F.G.S. 

The peninsula of the Ryans extends about thirty miles from N. 
to S., and is about seven miles across at its greatest breadth, or from 
Stranraer to Port Patrick. In the geological maps of M. Necker, 
Dr. Macculloch, and Mr. John Phillips, it is coloured as part of the 
great graywacke chain, stretching from the Irish sea to St. Abb’s 
Head ; and the chief part of the rocks composing the peninsula, Mr. 
Moore says, undoubtedly belongs to that epoch; but he has ascer- 
tained from an examination of the district during the summer of 
1839, that others of a more recent date also exist. 

The portion of the peninsula particularly described by the author, 
extends about eleven miles from north to south, and about five from 
east to west; and is bounded on the W. and N. by the Irish sea, and 
on the E. by the Bay of Loch Ryan. The formations of which it 
consists are—l. Graywacke, 2. Trap rocks, 3. Coal measures, and, 
4. a red breccia. 

1. The graywacke constitutes the greater part of the district, the 
beds being nearly vertical and the prevailing strike E. by N. At 
the northern extremity, near the Corsewall Lighthouse, are beds 
of conglomerate composed of rounded masses of granite, with peb- 
bles of serpentine and other rocks. In the little bay of Sloughna- 
garry, at the most southern point, where the graywacke shows itself, 
Mr. Moore found in a slaty rock alternating with compact beds, an 
abundance of fossils, determined by Mr. Lyell to be graptolites. 
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2. The trap rocks occur at two points, one near the northern ex- 
tremity of the peninsula, on the farm of Balscallock, constituting a 
dyke of amygdaloid greenstone which cuts through the graywacke 
and is lost in the sea; and the other is near Loch Connell, where a 
mass of greenstone extends in a westerly direction for nearly two 
miles. At both localities, the trap intersects the graywacke ; but at 
neither point could the author find it in contact with the coal or over- 
lying breccia. 

3. Coal Measures. A deposit consisting of beds of red and white 
sandstones, clays and micaceous shale, similar to those of the coal- 
field of Ayr, has been long known to exist in the district, and has 
led to several fruitless researches for coal. The deposit may be 
traced for about nine miles, forming a narrow band parallel to Loch 
Ryan. The beds are in general moderately inclined to the E. or 
S.E. In a quarry on the farm of Clachan, Mr. Moore found re- 
mains of Stigmaria ficoides, and in another, on the farm of Chal- 
lock, an abundance of Calamites. 

4. Red Breccia. This rock extends from the bay of Sloughna- 
garry to the farm of Dumlae, a distance of eight miles, forming a 
ridge from 200 to 300 feet high, between the coal measures and the 
shore of Loch Ryan. It consists entirely of irregular fragments of 
graywacke cemented by a red clayey sand, but in some places it 
passes into laminz of red sandstone. The beds are nearly horizon- 
tal or dip slightly to the S.E., and rest on the coal measures. As Mr. 
Moore did not detect any organic remains in the breccia, nor find 
any rock overlying it, he does not offer an opinion respecting the 
period of its formation. 

A paper was afterwards read, “On the Siliceous Bodies of the 
Chalk, Greensand and Oolites ;’ by Mr. Bowerbank, F.G.S. 

The author commences by stating, that naturalists and geologists 
have long considered the form of tuberous masses of flint found in 
the upper chalk to be due to alcyonia or sponges, but that he is not 
aware of this opinion having been proved to be correct. It was 
Professor Ehrenberg’s observations on siliceous bodies which first 
induced him to obtain thin slices of flint with the intention of pro- 
curing specimens of Xanthidium. In the examination of these slices, 
he was struck with the frequent occurrence of patches of brown, re- 
ticulated tissue, spicula and Foraminifera, and he was induced to 
infer, that the patches of tissue were the remains of the organized 
body, possibly a sponge, to which the flint owed its form. With this 
belief, he commenced his inquiries by examining thin slices of flints 
obtained from various localities, and he found in all of them, a per- 
fect accordance in the structure and proportion of reticulated tissue, 
in the number of spicula, and in the occurrence of Xanthidia and 
Foraminifera. The following are the general appearances which the 
slices of flint exhibit when mounted upon glass. 

With a power of about 120 linear, the slice presents the appear- 
ance of a stratum of a turbid solution of decomposed vegetable or 
animal matter containing Foraminifera, spicula, Xanthidia, and fre- 
quently fragments of the brown tissue. In a specimen from North- 
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fleet the mass of the spongeous portion exhibited numerous cylin- 
drical contorted canals, which from their uniformity and minuteness 
of diameter, Mr. Bowerbank considered to be the incurrent canals of 
the sponge; and other orifices of greater diameter, to be the excur- 
rent. Very frequently, when little of the reticulated substance of the 
sponge remains, its former presence, the author says, is indicated by the 
siliceous matter resembling a congeries of gelatinous globules, mould- 
ed by the tissue amid which it was deposited ; and the globules, when 
traced to the edges of the patches of spongeous texture, were found 
to agree in size and form with the orifices of the supposed incurrent 
canals. In cases where no traces of the sponge can be detected, Mr. 
Bowerbank thinks, that the mode in which the spicula, Foraminifera 
and other extraneous matters are dispersed equally in all parts, and 
not precipitated to one portion of the flint, indicates that the organ- 
ized tissue in which they were entangled, retained its form and tex- 
ture sufficiently long to allow of the fossilization of these remains in 
their original places ; and that the nature and position of these bodies 
strongly indicates the former spongeous nature of the flint. 
When the chalk is carefully washed from the exterior of a flint, 

and a portion examined as an opake object with a power of about 
fifty linear, it exhibits a peculiar saccharine appearance, with deep 
circular excavations, having fragments of extraneous matters partly 
imbedded or adhering to them. If the surface be further cleansed by 
immersion in diluted muriatic acid, till effervescence ceases, spicula 
may be detected on the sides of the deep circular cavities; and if, 
again, a piece a quarter of an inch in diameter, presenting the rough- 
est aspect, be examined under a power of 120 linear, illuminated bya 
Lieberkuhn, the surface, under favourable circumstances, will pre- 
sent a complex mass of small, contorted tubuli, occasionally fur- 
nished at the apex with a minute perforation. 

The structure and other characters of the tabular flints are stated 
to accord perfectly with those of the nodular masses, except that the 
under surface has a still more marked spongeous aspect, and that spi- 
cula and Foraminifera are more abundant. The absence of any ap- 
parent base or point of attachment in the great mass of nodular chalk 
flints, the author says (considering them undoubtedly of spongeous 
origin), may be accounted for by supposing that the gemmule was 
originally attached to some minute fragment of a shell or other sub- 
stance, and that its further development took place while recumbent 
on the mud or silt. 

The perpendicular and oblique veins of flint between Brighton 
and Rottingdean, are reported to present exactly the same internal 
characters as the tabular and nodular flints, and to agree externally 
with the former. The occasional existence of a fissure filled with 
chalk, in the centre of the vertical layers, Mr. Bowerbank conceives, 
may indicate that the sponge had grown from the two sides of the 
crevices, but had not in all places been able to unite. The sides of 
these flint veins are not studded with Foraminifera in a manner simi- 
lar to that of the tabular horizontal layers. 

Mr. Bowerbank next examined the flint with which Echinites and 
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shells of the chalk are often entirely or partially filled and enveloped, 
and he states, that, the results were the same, both with reference to 
the exterior and the interior of the flint. In those cases in which 
the Echinite is only partially filled, he infers that the portion so occu- 
pied was originally a sponge, because its surface is uneven; for had 
the flint been deposited in an empty shell or Echinite, it would pre- 
sent an uniformly flat surface. Again, he states, that the projecting 
of the flint through the two openings of the Echinite, with an ex- 
tension to a greater or less distance, is owing to the sponge having 
grown outwards through these orifices ; and the envelopment of an 
organic body by a tubular mass of flint, he explains by reference to 
the habit of recent sponges to invest testacea or other marine bodies. 
In some eases, he has found minute but deep depressions on the 
surface of flints filling Galerites, and immediately opposite to the 
ambulacral pores; and he ascribes the origin of the depressions to 
streams of water drawn in through the orifices to supply the wants 
of the living sponge. 

Mr. Bowerbank was afterwards induced to extend his examination 
to the flints which invest the zoophytic bodies of the Wiltshire chalk. 
By carefully cleaning the interior of some of these flints, he discover- 
ed spicula projecting from all parts, however different the character 
of the inclosed body ; and the spicula appeared to have no reference 
to it, none of them being found on its surface. Under the micro- 
scope, the investing flint presented in every respect the same appear- 
ance as that exhibited on the lower surface of the tabular flints, ha- 
ving fragments of minute corals and small shells attached to the in- 
ner surface. A thin slice exhibited the usual organic contents of the 
common flint. He, therefore, infers that the tubular flint which in- 
closes the zoophytes, owed its origin also to a sponge which invested 
the organic nucleus. 

A comparison of the characters presented by the spongeous re- 
mains of the flint, with a collection of recent sponges, has induced 
Mr. Bowerbank to conclude that the fossils cannot be referred to any 
of the established divisions of existing sponges. 

On examining the cherts of the greensand of Fovant in Wilt- 
shire in the same manner, he found that the only differences between 
them and chalk flints, existed in the coarser texture of the spongeous 
fibre, the greater size of the interstices of the network, and the larger 
dimensions of the imbedded extraneous bodies. The cherty nodules 
of the upper greensand of Shaftesbury afforded similar appearances. 
A black, semi-transparent nodule, with an outer coat resembling ag- 
glutinated sand, was found under the microscope to contain nume- 
rous contorted canals of various sizes, and a considerable number of 
beautiful green spicula. Two chert casts of Spatangi from Shaftes- 
bury afforded results analogous to those obtained from chalk Echi- 
nites. 

Slices from a great variety of the greensand cherts of Lyme Regis 
presented characters which agreed with the cherts of Fovant. A 
specimen of flint from the Portland stone of Tisbury, and another 
from Portland, gave a greater quantity of cellular structure than any 
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of the previously noticed cases, and the texture bore a greater affi- 
nity to that of the freshwater sponge, than is exhibited in the flints 
of the chalk or the cherts of the green sand. 

With respect to the causes of the deposition of the flint, Mr. Bower- 
bank objects to the supposition, that it was influenced by the silice- 
ous spicula of the sponges, because the flint is in no case limited or 
determined by their immediate presence, but is, in all instances, bound- 
ed by the extent of the animal matter of the sponge. He has fre- 
quently observed that the large excurrent canals in the chalk-flint 
spongites are not filled with silex, and that the spicula projecting into 
them have not the slightest incrustation of siliceous matter upon 
their surface ; while on the contrary, wherever a single tube or 
a thin layer of tubes has been projected from the mass into the 
chalk, the silex has been attracted to it. He conceives also, that the 
retention of the spicula and extraneous matters in all parts of the 
flint, may be accounted for, by supposing that the animal matter was 
the attractive agent, acting equally throughout the whole body of 
the sponge. In support of his argument he adduces the siliceous 
shells of Blackdown, and the siliceous corals of the Tisbury oolite 
and the mountain limestone, which contain no spicula, and in which 
it cannot be supposed that previously existing siliceous matter was 
the attractive agent. Lastly, the pyritous fossils of the London, 
Kimmeridge, Oxford and other clays, are also mentioned as exam- 
ples of animal and vegetable substances having exercised an attract- 
ive influence. 

March 25, 1840.—A paper was first read “On the Age of the 
Limestones of South Devon;” by W. Lonsdale, F.G.S. 

The object of this communication is to show the nature and limits 
of the author's claim to having been the first to infer from zoological 
evidence that the limestones of South Devon would prove to be of the 
age of the old red sandstone; and it was drawn up at the request of 
Mr. Murchison, in consequence of the subsequent adoption and ex- 
tension of the proposed classification by Professor Sedgwick and 
that gentleman ; and at the request likewise of Dr. Fitton, in conse- 
quence of the same views having been applied to some of the in- 
fra-carboniferous formations of Belgium and the Boulonnais. The 
paper commences with a summary of the opinions previously enter- 
tained respecting the age of the limestones. The authors quoted are, 
Woodward, 1722; Da Costa, Maton, Playfair, Berger, L. A. Necker, 
De Luc, T. Thomson, Kidd, W. Smith, Brande, W. Phillips, Hennah, 
Greenough, Sedgwick, W. Conybeare, J. J. Conybeare, Buckland, 
Dufrénoy, Elie de Beaumont, De la Beche, Prideaux, Boase, J. 
Phillips, Austen, Murchison, Bakewell and J. de Carle Sowerby. 
By these geologists the limestones are placed in the primary, trans- 

ition or graywacke and carboniferous series; Mr. Prideaux being 

the only author who ascribes them in part, and on mineral characters, 
to the old red sandstone; and Mr. J. Phillips, in his article on geo- 
logy in the Encyclopedia Metropolitana, hesitating to place them 
in a definite position, in consequence of the resemblance of many of 
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the shells to species found in the mountain limestone. Mr. De la 
Beche, in his memoir on Tor and Babacomb Bays, also states that 
the limestones of that district rest on old red sandstone; and in his 
Report on Cornwall and Devonshire (1839), he says, ‘‘ that those 
who rely very exclusively on the character of organic remains would 
probably feel disposed to consider the Torbay and Plymouth beds as 
equivalent to some such rock as the old red sandstone.” The au- 
thor of the paper refrains from all reference to the memoirs of the 
Rey. David Williams and Mr. Weaver, because his attention is more 
particularly confined to the limestones of South Devon. In allu- 
sion to the diversity of opinions which have been entertained respect- 
ing these rocks, even on some occasions by the same geologist, he 

is of opinion that it must be ascribed to the want, at the time the 
memoirs were written, of that preponderating weight of evidence 
which enables the mind to rest steadily on its own decisions; and 

that if a better result be now attainable, it must be ascribed to the 

mass of evidence, which has been recently accumulated in various 

parts of the kingdom. Until the organic remains of the mountain 
limestone and Silurian system had been determined, the former over- 

lying and the latter underlying the old red sandstone, and shown 
by Mr. Murchison to graduate regularly into that formation, and to 
contain perfectly distinct suites of fossils, it was impossible to de- 
termine the age of a series of beds, the fossils of which were in part 
new, and in part closely allied to carboniferous shells ; and procured 
from a region but partially examined, without a base line, beset with 
faults, and traversed by igneous rocks. 

Mr. Lonsdale then proceeds to show, what was the zoological evi- 
dence on which he ventured in December, 1837, to conclude that the 
South Devon limestones would prove to be of the age of the old red 
sandstone. Previously, he had examined in part the corals of the 
Silurian region and South Devon, and ascertained that some of the 

species are common to both; he had also examined with Mr. J. 
Sowerby, Mr. Hennah’s valuable collection of fossils from the neigh- 
bourhood of Plymouth, and had become aware, from the decisions of 
Mr. Sowerby, that certain of the shells could with difficulty, if at 
all, be distinguished from mountain-limestone species; and that 
some were distinct. In December, 1837, he examined with Mr. 
Austen a portion of that gentleman’s collection of Newton Bushell 
fossils, and though he ventured to differ from some of the identifi- 
cations with mountain-limestone species pointed out to him, yet 
these shells agreed so much in aspect with testacea of the carboni- 
ferous fauna, that he could not doubt there wasa connexion between 
the beds from which they had been obtained and the mountain lime- 
stone system: the same collection also proved that, associated with 
these shells were corals of Silurian species. He had also been in- 
formed by Mr. Austen, that in beds connected with the limestone, 
the Calceola sandalina had been found. It was therefore by com- 
bining the amount of the above evidence, the presence in the same 
strata of shells, identical, or nearly identical, with mountain-limestone 
species, of Silurian corals, the Calceola sandalina, and a numerous 

——— 

- eg 
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distinct testacea, that he suggested the South Devon limestones 
would prove to be of an age intermediate between the carboniferous 
and Silurian systems, and consequently of that of the old red sand- 
stone. In alluding to Professor Sedgwick and Mr. Murchison’s 
adoption of the suggestion in 1839, and their bold application of it 
to all the older sedimentary rocks of Devon and Cornwall, the au- 
thor states, that the fullest testimony is borne in the papers, con- 
taining their present views of the structure of those counties, of the 
source whence the suggestion was derived. 

Appended to the notice was a list of fossils, necessarily very in- 
complete, from the limited nature of the materials at the author’s 
command. It consisted of sixty-three species; twelve considered 
common to the Carboniferous and Devonian limestones, forty-two 
peculiar to the Devonian strata; and nine, seven of which are corals, 
common to the Devonian and Silurian formations; doubts were, 
however, entertained respecting the identification of the two species 
of shells. The author then observes,—should it be urged that it 
was unjustifiable to assume, from organic remains alone, the age of 
the Devonshire limestone, it may be replied, that in a district of 
which little in 1837 was positively known, which is cut off by the 
granite of Dartmoor from the only base line of the country, the 
culm measures of central Devon, proved in 1836 by Prof, Sedgwick 
and Mr. Murchison to be the representative of the true coal mea- 
sures, organic remains were the only test by which the age of strata 
so situated could be determined; and in support of his argument, 
he advanced the recent establishment in Cutch and the Desert to 
the east of it, from the examination of suites of fossils brought to 
England by Capt. Smee and Capt. Grant, and others procured by 
Colonel Pottinger at the request of Colonel Sykes, of a series of beds 
unquestionably of the age of the oolites of England, the fossils 
agreeing in their general characters with those of that geological 
epoch in this country, and being in many instances specifically undi- 
stinguishable. In this case, mineral characters and order of superpo- 
sition would haye been valueless guides, for the rocks are totally differ- 
ent in character from those of the same age in England; and there 
was no predetermined series of beds from which an order of super- 
position could hederived. Another instance was noticed of the value 
of organic remains, if rightly applied, in determining the relative 
age of a distant region, and in this case of one inaccessible to 
Europeans, in the Ammonites obtained from the Tartar side of the 
Himalayan mountains. These fossils prove the existence in that 
unexplored country, of rocks of the secondary epoch, by possessing 
that peculiar character in the sutures, which is not found in Am- 
monites of any other epoch ; they are moreover accompanied by Be- 
lemnites. 

In advocating the value of fossils, the author, however, begs it 
may be clearly understood, that he would not expunge from the 
geologist’s consideration, the aid to be derived from order of super- 
position, and under a right control, from the use of mineral compo- 
sition and lithological structure; and he would advise the observer 

Phil, Mag. 8.3. Vol. 18, No. 116. March 1841, 
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not to depend upon his own limited sources of knowledge, but to 
seek the aid of the philosophical zoologist, who can teach him to 
reason justly on the distribution of animal life—the accidents to 
which it is hable,—the changes which such accidents may produce, 
or the means provided by nature to resist them,—and on the effects 
which a permanent alteration in the inhabiting medium may work 
in the form and size of a shell or coral. 

Of the importance of organic remains in identifying districts less 
widely separated, the two following instances were noticed. In 
M. Dumont’s work on the geology of the province of Liége, pub- 
lished in 1832*, and justly valued for unravelling the structure of a 
most intricate country, the strata immediately beneath the mountain 
limestone are divided into three systems, but without any definite 
comparison with the formations which underlie that deposit in 
England. At the meeting of the Geological Society of France, at 
Meziéres, in September, 1835, Dr. Buckland proposed the following 
first comparison between the systems of M. Dumont and the sub- 
divisions of the Silurian system established by Mr. Murchison :— 

Systeme calcareux supérieur. ... ,. Mountain limestone. 
(Old red sandstone wanting. ) 

Syst. quartzo-schisteux supérieur... The Ludlow rocks. 
Syst. calcareux inférieur-.......The Dudley and Plymouth lime- 

stone. 
Syst. quartzo-schisteux inférieur..The Caradoc sandstone. 

(Builth and Llandeilo flags wanting.) 
Terrain Ardoisier. 

This comparison was principally founded on the resemblance 
of the corals with those obtained at Dudley and Wenlock. M. 
Constant Prevost pointed out the resemblance of the calcaire bleu 
of the systéme calcareux inférieur of M. Dumont with the Plymouth 
limestone, and of the marble of Heer, subordinate to the systéme 

quartzo-schisteux supérieur, with the limestones of Babacombe. 
Mr. Greenough, however, doubted the identity of the Plymouth 
and Dudley limestones, and he stated that he had remarked the 
total absence of the Dudley Trilobites in the syst@me calcareux 
inférieur. During the Meziéres meeting, Dr. Buckland identified 
certain beds beneath the mountain limestone near Namur, Di- 
nant, and Huy, and at Engis, with the old red sandstonet; and 
at an ordinary meeting of the Geological Society of France, in 
December, 1837, M. Rozet repeated his belief, that the old red 
sandstone is well developed between Dinant and Namur; and M. 
Constant Prevost stated, that he had also during the Meziéres 
meeting, determined its existence in those districts. In 1838, 
M. Dumont visited England for the purpose of examining the 

(* An Abstract of M. Dumont’s memoir appeared in L. & E. Phil. Mag. 
vol. xv.— Epir. ] 

+ In the “ Outlines of England and Wales” (1822), the Rev. W. D. Cony- 
beare places all the Belgian beds between the carboniferous limestone and 
the transition slates in the old red sandstone.—Note, 468. 
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Silurian region; and on his return to Belgium, he laid before 
the Royal Academy of Bruxelles a table, differing from that of 
Dr. Buckland only in drawing more closely the terms of com- 
parison, and in identifying the two upper divisions of the Terrain 
Ardoisier with the Cambrian system. He stated also, in a report 
which accompanied the table, that the old red sandstone was 
most probably wanting in Belgium, or, if it exist, that it must 
be considered as a great development of the superior part of the 
Upper Ludlow Rock. In M. Dumont’s work, before mentioned, 
lists are given of the fossils from each system; and on examining 
them, for the purpose of determining how far the comparison of the 
Belgian and Silurian systems could be established by organic re- 
mains, the author of this notice ascertained, that out of twenty-two 
species, only four could be considered as peculiar to the Silurian 
system ; and of these he believes two may be erroneous identifica- 
tions ; that five species are common to the Belgian beds and the 
mountain limestone, and thirteen to the Belgian and Devonian 
systems. ‘These lists, Mr. Lonsdale states, are small, but, he adds, 
they bear internal evidence of having been carefully drawn up with- 
out any preconceived theory; and he conceives that they afford 
sufficient proof that the beds from which they were obtained do 
not belong to the Silurian system, but partake of the same inter- 
mediate character as the Devonian limestones. The other case, 
alluded to in the paper, refers to the older beds of the Bas Boulon- 
nais. These strata were identified by M. de Verneuil in 1838, 
with the Silurian series of England, particularly a bed of limestone 
containing corals and other fossils with the Wenlock limestone ; 
and M. Dumont, who examined the country with M. de Verneuil, 
states in his report to the Bruxelles Academy, that his four systems 
occur in the Boulonnais. The above bed of limestone, M. Rozet 
had also, in 1828, placed below the old red sandstone; but in a 
subsequent memoir, published in the Annales des Sciences Naturelles 
(xix. p. 145. 1830), he assigns it to the old red sandstone. At 
the Meeting of the Geological Society of France at Boulogne, in 
Sept. 1839, and at which some of the Fellows of the Geological So- 
ciety of London assisted, the identification of the Boulonnais beds 
with the Silurian system was fully admitted. When, however, doubts 
were recently thrown out respecting the age of the formations in the 
Liége districts on account .of the nature of their fossils, Mr. Mur- 
chison, who was present at the Boulogne Meeting, stated to the 
author of this notice, that if the Liége country had been wrongly 
identified, the older beds of the Boulonnais had’ been wrongly iden- 
tified also. To determine the question, as far as fossils would assist, 
Mr. Murchison procured, by the kind assistance of M. Dutertre 
Yvart, a collection of specimens in the Museum at Boulogne. An 
examination of these specimens with published lists, proved that the 
inference was just, and that there exists in the Bas Boulonnais, the 
Same mixed assemblage of mountain limestone, Silurian and Devo- 
nian, or peculiar fossils, as in the province of Liége and in Devon. 

e. 
Q 2 
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A note ‘‘On the Bone Caves of Devonshire,” by R. A. C. Aus- 
ten, Esq., F.G.S., was then read. 

Mr. Austen commences by noticing the two theories which have 
been proposed to account for the introduction of the bones of ani- 
mals into caves—one, which accounts for their presence on the belief 
that they were dragged in by hyznas or bears inhabiting the caves ; 
the other, which supposes that the bones were drifted in by diluvial 
waters. He then proceeds to give his own explanation of the phe- 
nomena presented by Kent’s Cave and Yealmpton Cavern; but he 
says it is not his intention, by doing so, to propose a general theory 
for ossiferous caves. 

In the Devonshire caverns, mentioned above, remains of the Ele- 
phant, Hog, Rhinoceros, Horse, Ox, Bear, Hyena, and Cat, gene- 
rally bearing marks of teeth, are intermingled. With reference to the 
means by which they were collected, Mr. Austen observes, the habits 
of the Hyzna are now better known than formerly, and there is 
little in them to warrant the conclusion that the fossil bones were 
collected by that animal. He says, on the authority of Cuvier, that 
hyznas ‘‘se tiennent solitaires dans les parties montagneuses,”’ (last 
Edit. Oss. Foss.) least of all do they inhabit caves; that they have 
not the courage to attack any formidable animal, preferring the pu- 
trid flesh and bones, which they find in their nightly prowlings : 
that they never drag away their prey, but devour it greedily on the 
spot: and he adds, on the authority of M. Marcel de Serres, who 
has observed the habits of the Hyzna in Africa, “ that its gluttony is 
equalled only by its cowardice.” 

The Lion, on the other hand, seeks solely for living prey, which it 
prostrates at one spring, and then conveys to its lair. The Afri- 
can lion has been known to carry off a bullock, and its constant 
abode is in chasms, caves, or on overhanging ledges of rock. 

Mr. Austen is therefore induced to believe that the cavern bones 
were in the first instance the prey of the larger feline animals, and 
that during their absence the hyzenas visited the caves to feed upon 
the fragments of the partially consumed prey ; and in support of this 
view he quotes the passage from Johnson’s Field Sports, given in the 
Reliquie Diluviane (p. 22): “they feed on small animals and carrion, 
and often come in for the prey left by tigers and leopards after their 
appetites have been satiated.” 

What the large feline animals were, Mr. Austen says, is not im- 
portant, as they resemble each other in their habits. The remains 
of a Felis as large or larger than any now known, have been found 
in the Plymouth and Hutton caves, and the canine and molar figured 
by Dr. Buckland from Kirkdale, are said by Cuvier to differ in no 
respect from those of a lion. (Oss. Foss. IV. 151.) 

The remains of a fossil lion have been also found in the caves of 
Gailenreuth, the province of Liége, Mialet and Jobertas (Dép. du 
Gard), Lunel-Viel, Joyeuse, Ardéche, Fouvent, Fausan (Dép. de 
Herault), and in Kent’s Cavern. 

It is known that the Lions of the present day will attack every 
one of the animals, the remains of which are found in Kent’s Hole, 
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and other caves; and if it should be urged that the most powerful 
lion could not carry off the bodies of the great Pachyderms, Mr. 
Austen says, that an examination of a very large proportion of the 
remains taken from Kent’s Hole has proved that the bones and teeth 
of the Elephant belonged to young animals; and he quotes Dr. Buck- 
land’s statement, that the ten elephants’ teeth discovered in Kirkdale 
Cave belonged to extremely young animals. (Rel. Dil. p. 18.) 

The conclusions, therefore, which Mr. Austen wishes to draw are, 
Ist, that the carcases were dragged into the bone caves by powerful 
feline animals ; and 2ndly, that hyzenas picked and gnawed the bones 
after those animals had satisfied their hunger, and while they were 
absent. He also objects to the belief that some of the German caves 
are filled with the animal matter of countless generations of bears, 
as the decomposition of one carcase, he says, would have driven the 

living bears from the cave; but he believes the prevailing fossil re- 
mains in each locality indicate only what animals were most abun- 
dant in the district, and consequently most frequently fell a prey to 
the powerful Felidz: thus in the low grounds about Yealmpton, 
Kent’s Hole or Kirkdale, herbivora may have been most abundant, 
and bears in the region of the Huartz*. 

April 8th.—A paper was first read, “On the Great Fault, called 
the Horse, in the Forest of Dean Coal Field ;’ by John Buddle, Esq., 
F.G.S. 

The term fault is used in this paper in the miner's signification, 
or for any interruption in the regular deposition or range of a bed. 
The Horse Fault, therefore, is not a displacement of one part of the 
stratum by a dislocation, but a local thinning out of a bed of coal, 
and a substitution of sandstone for it. 

The Horse has been traced in the Coleford High Delf seam, the 
23rd in the descending series, or the 3rd from the bottom, and the 
only one in which it is clearly developed, for about two miles; and 
its known breadth varies from 170 to 340 yards. The only point 
at which it has been tunneled through in a transverse direction, is 
under Barn Hill enclosure, between Brixslade and Howler’s Slade 
valleys, and its width is there about 200 yards. The upper surface 
of the seam of coal, to a considerable distance on each side of the 
Horse, undulates considerably, producing depressions called “ lows,” 
and great varieties in the thickness of the bed; but the pavement 
composed of the ordinary argillaceous deposits, which accompany 
the seam throughout the basin, preserves nearly its ordinary regu- 
larity. 
The roof of the seam consists of the strong sandstone which 

usually reposes upon the Coleford High Delf, but a layer of black 
slaty substance is sometimes interposed between it and the coal. 
This sandstone extends to the surface, varying in thickness accord- 
ing to the undulations of the ground, but at one point over the 
Horse, the thickness is 94 yards. The sandstone sometimes passes into 
a conglomerate, containing fragments of coal, ironstone, and vege- 

[* See Phil. Mag., First Series, vol. Ixvi. p. 8307,—Epir. ] 
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table remains; also quartz pebbles, similar to those which abound in 
“ the pudding-stone,” a deposit between the carboniferous limestone 
and the old red sandstone, and which attains a considerable eleva- 
tion in the adjoining hills. The sandstone also encloses concre- 
tions of highly indurated, ferruginous sandstone, scattered irregu- 
larly throughout its mass ; and angular fragments of obliterated casts 
of vegetable remains, formed likewise of highly indurated sand- 
stone. 

The coal under the lows is generally mixed with particles of the 
sandstone of the roof; but it contains no boulders, angular frag- 
ments, or pebbles, as asserted by some observers; the supposed 
boulders and fragments being, Mr. Buddle observes, the concre- 
tions and vegetable remains of the roof, alluded to in the preceding 
paragraph. 

The fall of the Horse conforms to that of the strata or 8. 31° E., 
but whether the “ fault ” rises with the seam of coal to the outcrop 
on the S.E. side of the basin, remains to be proved. In the trans- 

verse section, the bed of the Horse is nearly horizontal. 
There are no indications on the surface by which the Horse can 

be traced beyond the limits explored under ground ; and whether 
it produces any change in the overlying seams, can be determined 
only by future works. Mr. Buddle infers, that it does not descend 
any lower than the Coleford High Delf seam, in consequence of the 
evenness of the floor, and the entire absence in it of sandstone. 

In its underground characters, the Horse is similar to the “ washes” 
or aqueous deposits in many coal-fields, but it differs in not under- 
lying a river bed, or being in the bottom of a valley, and in not 
extending to the surface. In the Newcastle coal-field all the “washes” 
cut through the whole of the strata, from the surface to that on 
which the wash reposes. 

In the workings of the Park End Colliery in Park End High Delf 
seam, which is situated 50 fathoms higher in the series than the 
Coleford High Delf, and two miles to the S.E. of the point to which 
the Horse has been traced, a great succession of “ lows” has been 
found in crossing the line of the Horse, but no fault corresponding 
with the Horse. The coal is deteriorated in the same manner as in 
the Coleford seam. This colliery is situated beyond the centre of 
the basin, and where the strata rise in the opposite direction, Fu- 
ture workings alone can determine if there be any connexion be- 
tween the Horse and these “ lows.” 

In the direction of the Horse there is also an extraordinary oval 
depression of the Coleford High Delf, the centre of the seam 
being 20 feet below the ordinary level; and it remains to be 
proved if the Horse presents the same characters under the de- 
pression as elsewhere. 

From the phenomena exhibited by the Horse and the adjacent 
coal-seam, Mr. Buddle is of opinion, that the fault and seam occupy 
the site of a lake, which existed during the deposition of the latter, 
and that the carbonaceous matter, which forms the seam, was 
accumulated while the water was deep and tranquil ; that the undula- 
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tions on the surface of the coal were occasioned by the action of the 
water when the lake was discharged ; and that the Horse occupies 
the bed of the stream by which the complete drainage of the lake 
was effected. The sandstone of the roof, and that which fills the 
lows, he conceives, on account of the fineness of the grain, were tran- 
quilly deposited. 

A paper was then read, entitled, ‘“ Remarks on the Structure of 
the Royal George, and on the Condition of the Timber, Iron, Cop- 
per, &c., recovered during the operations of Col. Pasley, in the Sum- 
mer of 1839;” by Mr. Creuze, of Her Majesty’s Dock Yard, Ports- 
mouth, and communicated by Captain Basil Hall, R.N., F.G.S. 

The Royal George was accidentally sunk at Spithead on the 29th 
of August, 1782, and as the specimens described in the paper were 
recovered during the summer of 1839, they had consequently been 
immersed in a tide-way of salt water fifty-seven years. She was 
the first ship of war built on the principles recommended by the 
committee appointed to inquire into the superiority of the vessels 
in the Spanish and French navies ; and was commenced at Wool- 
wich in 1746, and launched the 1st of February, 1756. The Royal 
George was consequently, when sunk (1782), twenty-six years old. 

The great agent in the work of destruction of the timbers had 
been “the worm.” This insect had gradually, by its innumerable 
perforations on every exposed portion of the wreck, destroyed the 
fibrous tenacity of the wood, and reduced it to such a state as to 
permit the wash of the tide to remove the surface layer by layer. 
The quantity which had been thus destroyed, Mr. Creuze considers, 
from the parts recovered, to have been almost the whole of the upper 
portion of the ship, including the topsides above the line of the mid- 
dle deck ports ; and he is of opinion, that in another half century the 
same agents might have destroyed every part of the huil above the 
surface of the mud, if Col. Pasley’s operations had not been under- 
taken. 

The timbers which had been protected by the mud, were found 
to be solid and firm; but the only exposed wood which has escaped 
the ravages of “the worm” is the ash of which the dead-eyes were 
made. A portion of one of these timbers, which accompanied the 
paper, and had formed a part of the exterior surface covered with 
mud, bore no marks of “the worm.” The copper sheathing ap- 
pears to have suffered very slightly, several whole sheets having been 
found to be of the average weight per square foot of that now used. 
This state of preservation Mr. Creuze assigns to galvanic action. The 
copper nails are also nearly perfect. The cast-iron guns which have 
been recovered, were so soft when first brought to the surface, that 
they were easily abraded by the finger nail to the depth of at least 
jgth, and in some parts of 4th of an inch; but they have gradually 
hardened on exposure to the atmosphere. The brass guns were appa- 
rently as sharp in their ornamental castings, and as sound, as at the 
period of their immersion. A fragment of tarred rope-yarn exhi- 
bited a remarkable instance of durability. It is supposed to have 
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formed part of the sea-store of the Royal George, or of one of 
the cables used by Mr. Tracey in an attempt to raise the ship soon 
after she was lost. A piece of 2}-inch cable-laid cordage, made 
from the yarns of this junk, bore 21 cwt. 3qrs. 7lbs. ; a piece of 
similar cable, from yarn spun in 1830, bore only 20 ewt. 1 qr. 7 lbs. ; 
but another manufactured from yarn spun in 1838, bore 23 ewt. 
1 qr. 7 lbs. 

The paper contained various details respecting the construction 
and measurement of the Royal George, and of the different descrip- 
tions of timber used in building the ship. - Appended to the Me- 
moir was also a catalogue of twenty-three specimens sent for exhi- 
bition, a portion of each of which was presented to the Society’s 
Museum. 

A letter, dated November, 1839, was afterwards read, addressed to 
Dr. Mantell by Mr. C. Hullmandel, “ On the Subsidence of the 
Coast near Puzzuoli.” 

In 1813, Mr. Hullmandel resided during four months in the Ca- 
puchin Convent, which is situated at the entrance of Puzzuoli, and 
on the seaward side of the road towards Naples. The oldest friar, 
styled i molto reverende, then ninety-three years of age, informed 
Mr. Hullmandel, that when he was a young man, the road towards 
Naples passed between the convent and the sea, but that from the 
gradual subsiding of the soil it had been obliged to be changed to 
its present course. During Mr. Hullmandel’s residence, the refec- 
tory and the entrance-gate were from six to twelve inches under 
water, whenever strong westerly winds prevailed. Thirty years 
previously such an occurrence never took place. The small wharf 
at Puzzuoli was also constantly under water during westerly winds. 
Mr. Hullmandel therefore infers, that as it is not probable the archi- 
tect of the convent would have so placed the ground-floor as to ex- 
pose it to inundations, or the builder of the wharf would have so 
constructed a landing-place as to render it liable to be overflowed ; 
—a gradual subsidence of the soil has been going on for many 
years, and that this change tends to corroborate the opinion re- 
specting the differences of relative level which have taken place 
in the Temple of Jupiter Serapis. 

A notice was next read, “ On part of Borneo Proper ;” by G. Tra- 
descant Lay, Esq. Communicated by the President. 

The country visible in the background, on approaching the 
estuary into which the river of Borneo flows, is of variable, though 
nowhere of considerable elevation. ‘Towards the east, however, is 
a remarkable range of mountainous ridges, rising one above an- 
other like steps, and trending, the author supposes, towards Kini- 
balu, the most lofty point in the island. 

Borneo Proper consists, as far as Mr. Lay’s observations extended, 
of sandstone; but near the mouth of the river is a little island on 
which coal is found, and called by the natives Pulu-cheomin, or 
Mirror island, in allusion, it is supposed, to the brightness of the coal. 
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Mr. Lay says, if he understood his informant rightly, a large supply 
of fuel might be obtained from the island. Lignite is also found 
by the natives in sandstone in a deep valley or ravine, not far from 
Borneo city, and believed by the author to be that called Kianggi. 
The bed extends obliquely from one side of the ravine to the other, 
forming an angle of about 45°, with the direction of a rivulet, 
which flows through the valley ; and it is stated to be more than 
two yards in breadth. The valley is accessible by a path called 
Jalan-subrek, and conspicuous from the palace of the Sultan, but it 
is steep, rugged, and narrow. The distance from the water-edge is 
less than two miles. The whole of the peninsula lying on one side 
of the river is formed of very steep hills, which gradually become 
more lofty towards the south-west. Upon the main land, or oppo- 
site side of the river, the ridges are supposed to range at right angles 
to the mountains. They are composed, generally, of a soft sand- 
stone, alternating with clay; but on the summit of one of the 
hills, Mr. Lay noticed the outcrop of a hard red sandstone, formed 
of round and angular masses of quartz, particles of black mica, and 
a ferruginous cement. 

A paper was last read, “On some Geological Specimens from 
Syria ;” by Mr. W. C. Williamson. 

The specimens were sent to England by Mr. Heugh, to whom 
the author states, he is indebted for a few notes respecting the local- 
ities, whence they were obtained. The chief districts are the vici- 
nity of Beyroot, especially Mount Gebeel Suneen, which forms the 
part of the Lebanon range immediately above Beyroot. The tri- 
angular tongue of land, on,which that town is built, is about four 
miles in extent from the mountains to the coast, and it presents an 
undulating surface, some of the higher points attaining 500 feet 
above the level of the sea. The formation of which it is composed, 
is a hard cream-coloured limestone, which exhibits in the cliffs along 
the sea-shore numerous veins of flint; and it is in one part of the 
coast overlaid by a soft calcareous rock, occasionally 100 feet thick. 
The latter stone is easily wrought, and is employed as a building 
material, being better able to resist the effects of the earthquakes 
than the harder and more compact rock. 

On ascending Gebeel Suneen from the flat plain, which extends 
along its foot, and is 400 feet above the level of the sea, the follow- 
ing rocks are passed over :—~ 

Compact limestone..............0seseeeeeee+se. 1200 to 1500 feet. 
Coarse siliceous conglomerate, containing 

thin seams of lignite, and fragments of 
siliceous WoOd...............00608 ds pep avin ae 800 

Compact limestone.............22c0scescesseeees 2000 
A very ferruginous rock, composed of mi- 

nute grains of sand, thickly coated with 
hydrated oxide of iron .............0ceee ees 

A seam of oysters, which may be traced 
completely around the mountain ........ 
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Compact limestone, forming the summit of 
the:mountainvabout lA: Male aa 100 feet. 

In a break in the side of Gebeel Suneen, and extending for some 
distance along the upper part of the lower conglomerate, is a basaltic 
dyke, which shoots upwards into the compact limestone. It is about 
100 yards wide, and begins, as well as terminates, very abruptly. 
Except a small hillock near the sea of Tiberias, this is stated to be 
the only trap seen by Mr. Heugh or his friends throughout the 
whole of Syria. 

The fossils from the middle bed of limestone are generally casts, 
but are assigned by the author to the genera Dolium, Buccinum, 
Nerinea, Turritella, Venus, Crassatella ?, Hippurites, Trigonia, 
Cardium, Lucina, Nucula, and Spatangus. 

In a soft limestone at the village of Ba-abda, and also on the banks 
of the Zamies, are found large drusy geodes of quartz, and some- 
times of chalcedony. 

Among the other fossils contained in the collection, are specimens 
of Clupea brevissima (Agassiz, Tab. LXI., f. 6-9.). They occur 
in great numbers a little above Tripoli, on the way to the Cedars, 
and about thirty miles north of Beyroot. 

None of the fossils, except the fishes, having been identified with 
described species, Mr. Williamson does not venture to determine 
the precise age of the beds from which they were obtained; but he 
is of opinion that the fossils are more nearly allied to the organic 
remains of the cretaceous series than to any other. The Dolium, 
he says, bears a strong resemblance to the D. nodosum of the En-' 
glish chalk, and a species of Venus to the V. angulata of the green 
sand. Nerinea, he states, on the authority of Mr. Daniel Sharpe, 
are found near Lisbon associated with Hippurites. 

LONDON INSTITUTION.—CONVERSAZIONI. 

Jan. 20.—Mr. Grove on a powerful Voltaic Combination. 
In reviewing the history of the voltaic battery from its first dis- 

covery to the present day, Mr. Grove showed how the chemical 
theory had led to all the improvements of that instrument. The 
original pile was defective, as, from the small intervening stratum of 

liquid, chemical action was soon exhausted; hence the troughs of 
Cruickshank and Wollaston. A second defect was the waste of 
local action, now remedied by amalgamated zinc, the inactivity of 
which is explained by the chemical theory. A third defect was the 
reaction occasioned by the precipitation of cations upon the nega- 
tive metal, remedied by Mr. Daniell’s introduction of sulphate of cop- 
per. However, as the chemical theory supposes that the power of 
this voltaic combination is as the affinity of oxygen or chlorine for 
zinc, minus its affinity for copper, a wide field was still open for 
the increase of power; thus solutions of silver, gold or platina, 
would be efficient did not their expense preclude their practical 
employment ; the nitric, iodic, chloric and bromic acids, whose ele- 

ments are united by a very feeble affinity, are still more effectual 
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than any metallic solution, and fortunately the nitric acid, being 
commercially manufactured, is sufficiently cheap for the purpose. 

The battery excited on this occasion was probably the most 
powerful ever seen, although of very small size ; it consisted of 100 
pairs of zinc and platina plates two inches by four, with interposed 
burned pipe clay diaphragms, and was charged with concentrated 
nitric and dilute sulphuric acid ; its superficial relation to the great 
battery of Davy was as 1: 40. 

The arc of light was from three to four inches long and of great 
volume ; its prismatic spectrum was of extreme brilliancy, and it was 
polarized and dipolarized by Mr. Grove, showing its identity with 
solar light. 

[We understand that Mr. Grove has received the appointment of 
Professor of Experimental Philosophy in the London Institution.— 
Ent. ] 

XL. Intelligence and Miscellaneous Articles. 

ON THE FOSSIL WAX OF GALLICIA. BY M, P. WALTER. 

pee EhAL years since a fossil wax was discovered at Truskawietz, 
in Gallicia, or Austrian Poland, in beds of grit and bituminous 

clay, at a depth of two or three metres. I procured this substance, 
but want of leisure has prevented me from examining it: it is with 
regret that I feel it necessary to publish the little that I know respect- 
ing it; and I have decided to do so only in the hope that I shall 
hereafter be enabled to examine it completely. 

This fossil is of a brownish black colour ; its smell is penetrating 
and bituminous ; it is slightly soluble in alcohol and exther ; it fuses 
at 156° Fahr. When heated in a retort by means of an oil-bath, it 
first fuses, and at 212° it loses a little water; at 572° nothing what- 
ever distils; above this, ebullition begins to occur, and continues 
up to 662°: oils first appear, afterwards a yellow-coloured substance, 
which forms the greater portion of the distilled product. This mat- 
ter, freed from the empyreumatic oils by pressure through cloth, and 
dissolved in boiling zther, precipitates on cooling in the state of a 
beautiful white pearly substance. 

It yielded by analysis, 
Carbon ...... 85°85 
Hydrogen.... 14:28 

This therefore is the composition of bicarburetted hydrogen and 
paraffin; and what induces me to believe that it is actually paraffin 
is, that sulphuric acid appears not to exert any action upon it. The 
examination of oils, formed by the distillation of fossil wax, may 
throw great light on the formation of naphtha and analogous com- 
pounds, which are probably derived from the decomposition of this 
kind of bodies.—Ann. de Chim. et de Phys., 75, 212. 
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PHOSPHATE OF COPPER FROM HIRSCHBERG, ON THE SAALE, IN 

RUSSIAN VOIGTLAND. ANALYSED BY KUHN. 

This mineral is of a nodular appearance ; the internal structure is 
concentrically fibrous, with conchoidal fracture ; in colour it resem- 

bles malachite. Its specific gravity cannot be determined on account 
of the impurity of the material. The matrix is a brown iron stone, 
interspersed with veins of quartz, and containing here and there 
groups of quartz crystals. 

The analysis was gone through in the following manner : some of 
the purest pieces, amounting to 0°407 gramme, gave 0°031 loss by 
ignition. After its solution in dilute nitric acid, there remained 
0:030. The whole loss from ignition amounted, therefore, to 7‘62 
per cent.; and the foreign matter to 7°37. Now since 1:147 of 

pure matrix, by ignition, gave 1°031 of residue, so must 7°37 of 
matrix, brought to a red heat, have been obtained from 8°20, which 
was unignited. Thus, in the total loss from ignition, 0°83, which 
resulted from the matrix, are reckoned. The salt of copper had, 
consequently, from 91°80 of its first condition, lost 6°79 of water 
= 7°40 per cent. The oxide of copper, precipitated by boiling 
caustic potash, amounted to 0°268, or 71°73 per cent.; and since 
no other acid, besides phosphoric acid, could be found, this last, in- 
cluding what was lost, must have amounted to 20°87. Another 
portion, which weighed 1:946, was dissolved in dilute nitric acid, 
and precipitated by sulphuretted hydrogen ; the sulphuret of copper 
was then converted into oxide of copper, which weighed 1°354 
= 69°58 per cent.; the liquor, filtered from the sulphuret of cop- 
per, remained, on the addition of caustic ammonia, colourless and 

clear. 
From a third unweighed portion, oxide of copper weighing 0°374, 

and lead precipitate weighing 0°567, were obtained. If, in the last, 
0-100 of phosphoric acid must be assumed, so, in the first experiment, 
where 71°73 per cent. of oxide of copper were obtained, 19°21 of 
phosphoric acid were contained. The water, besides loss, amounted 
to 9:06. 

The result was, consequently, 

Oxide of copper...... 71°73 69°58 =71°73 
Phosphoric acid ...... (20°87) 19°21 
Waker. tapes /. anton 7°40 (9°06) 

The simplest proportion of the formula is 3 CuO + PO.3+13HO, 
and of the quantity of oxygen 6:5:3. From experiment the fol- 
lowing formula may be calculated : 

14 (CuO + HO) + (13 CuO + PO,3): 

or, after Berzelius’s method and numbers, 

3 (CuO + HO) + (8 CuO + P,O,). 

Some additional grounds for this formula, as well as some analogues, 
shall be published hereafter—Annalen der Pharmacie, Vol. xxxiy. 
No. 2. 
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ON MINIUM. BY M. LEVOL, 

Although minium has beenan object of research by several chemists, 
opinions are still divided, not only as to its analysis, but also as to 
the manner in which its true constitution ought to be represented. 

M. Levol states that, having had occasion to examine several 
samples with respect to the commercial value, his experiments tend 
to confirm the views generally entertained with respect to this sub- 
stance, namely, that it is not a peculiar oxide, but a definite compound 
of protoxide and peroxide. 

M. Levol agrees with M. Dumas, and it may be added also, with 
the previous determination of Dalton, that the composition of minium 
is represented by Pb O® + 2 Pb O, and he finds that this is also its 
composition obtained by the two following new processes : 

The first consists in calcining, in a platina or silver crucible, a 
mixture of 100 parts of protoxide of lead, prepared by calcining the 
carbonate, 25 of chlorate of potash, and 200 of nitrate of potash ; 
this last salt is employed for the purpose of rendering the mixture 
fluid, without occasioning loss of chlorate of potash. 

In operating in this way, the action of the oxygen upon the oxide 
of lead is so effectual, that it is converted into peroxide; and this 
oxide may be thus procured with the greatest readiness. If the 

- operation be carried on till the mixture becomes nearly red-hot, the 
swelling diminishes, the mass thickens, and minium is formed. It 
is sufficient to boil the residue in a soluticn of potash or soda, and 
to wash it well, in order to obtain pure minium of the composition 
above stated. The product is in a state of minute division, of a fine 
red colour, with a shade of orange, like the finest minium obtained 
in commerce. 

Minium may also be obtained in the moist way, by boiling for an 
hour or two a solution of an alkaline plombate with binoxide of lead 
in fine powder-; the colour of the binoxide becomes gradually lighter, 
and eventually an ochre-red powder is obtained; this is merely mi- 
nium, mixed with a little binoxide, which has escaped the action of 
the plombate; it is easily got rid of by digestion in a solution of 
oxalic acid, which decomposes the peroxide without acting upon the 
compound, and the oxalate of lead is afterwards separated by pot- 
ash. The product thus obtained has always a deeper red tint than 
that of the minium prepared in the dry way; but it becomes brighter, 
and more nearly resembles the latter when it is triturated with 
water ; their composition is similar, and the difference of colour ap- 
pears to be entirely owing to texture; there is, in fact, some appear- 
ance of crystallization in the minium obtained in the moist way. 

M. Levol’s analyses were performed by putting the minium into 
excess of nitric acid of sp. gr. 1*114, and agitating the mixture fre- 
quently during twenty-four hours; the temperature must not be 
raised by the action, or otherwise a portion of the binoxide is decom- 
posed, and a small quantity is even dissolved, which gives the solu- 
tion a violet colour. It remains after this operation merely to weigh 
the residual binoxide, and to determine that it was totally soluble in 
protonitrate of mercury, which does not act upon minium, 



238 Intelligence and Miscellaneous Articles. 

The following considerations induced M. Levol to believe that 

minium is a compound of two oxides. In supposing that minium is 

a peculiar oxide intermediate between these oxides, it is inexplicable 

how it happens that minium cannot be converted into binoxide by 

calcination with chlorate of potash, an effect which it readily pro- 

duces with the protoxide of lead. 
Oxalic acid constantly converts binoxide of lead into protoxide, 

but does not alter minium; and this is at once a method of purify- 

ing, and a good characteristic of minium. As this acid, as well as 

protonitrate of mercury and sulphurous acid, reduce the binoxide 

of lead to protoxide, and has no action on minium, it may be in- 

ferred, not only that minium is a compound of the two oxides, but 

that it is a compound of remarkable stability—Ann. de Chim. et de 

Phys., 75, 108. 

ACTION OF ANHYDROUS PHOSPHORIC ACID UPON ANHYDROUS 

CAMPHORIC ACID. BY M. P. WALTER. 

The action excited by anhydrous phosphoric acid upon anhydrous 

camphoric acid, in nowise resembles that of Nordhausen sulphuric 

acid upon anhydrous camphoric acid: the anhydrous sulphuric acid 

acts, so to speak, in a less destructive manner; it re-acts according 

to the rules of substitutions. Instead of taking carbon from the 

camphoric acid, it adds:the elements of sulphurous acid, and from this 

re-action a new acid arises; whereas, in causing anhydrous phos- 

phoric acid to act upon camphoric acid, it attacks it in all its mole- 

cules and gives rise to several compounds. If several layers of an- 

hydrous phosphoric acid, and anhydrous camphoric acid, be arranged 

in a tubulated retort, with a tubulated receiver, having a bent tube 

adapted to it, and immersed in mercury, on the cautious application 

of heat to the retort, a considerable and continuous disengagement 

of gas takes place; when this ceases, a liquid substance runs down 

the neck of the retort into the receiver; this has a slight yellow 

colour, and a penetrating, but not disagreeable odour; when re- 

peatedly rectified from anhydrous phosphoric acid it is rendered per- 

fectly colourless. In the bottom of the retort there remains a black 

matter, which is strongly acid. 

The gas which is formed in this re-action is of a compound 

nature ; it is a mixture of carbonic acid and oxide of carbon, but 

they are in indefinite proportions. Several experiments proved that, 

for one volume of carbonic acid, there were four of oxide of carbon. 

The liquid is a carburetted hydrogen : two analyses, performed with 

two different products, gave the same quantity of carbon, namely, 

88°4 and 88:2 per cent.; but the quantity of hydrogen varied half 

per cent. ; in one analysis 11°6, and in the other 11°07 were ob- 

tained. If the first analysis be correct, the carburetted hydrogen has 

the same centesimal composition as oil of turpentine; but I do not 

think that it is oil of turpentine, though its formation may be ex- 

plained by means of the formula of anhydrous camphoric acid; I am 

more inclined to believe that the [carburetted] hydrogen in question is 

a species of naphtha which contains 89 per cent. of carbon, and that 
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the smaller quantity of carbon, found in my analyses, is due to the 

presence of a little phosphuretted hydrogen, which it is difficult to 

separate from the carburetted hydrogen. In the latter case, in order 

to explain the formation of this carburetted hydrogen by means of 

the formula for anhydrous camphoric acid, the formation of water 

must be admitted in the re-action. I should have decided this 

question long since, if the quantity of carburetted hydrogen, ob- 

tained during the re-action, had been more considerable than it ac- 

tually was.—Anzn. de Chim. et de Phys., 75, 212. 

METEOROLOGICAL OBSERVATIONS FOR JAN. 1841. 

Chiswick.—Jan. 1. Hazy: fine with clouds. 2. Rain: clear and fine: hurri- 

canes at night. 3. Thunder-storm about 7 4.m., accompanied with large and 

yivid flashes of lightning, rain, hail and sleet, and high wind, which soon after 

subsided into a perfect calm. 4. Sharp frost : slight fall of snow : clear at night. 

“5. Densely overcast : snow: large lunar halo in theevening, 6. Hazy, 7. In- 

tense frost. 8. Dense fog: severe frost. 9. Intense frost. 10. Overcast : 

slight haze: rain at night. 11. Overcast. 12. Cloudy: clear. 13. Foggy: 

rain: fall of snow. 14. Cold haze: rain: sleet and snow. 15. Rain. 16. 

Thawing rapidly: occasioning inundations, the frozen crust preventing the water 

from sinking into the earth. 17, Continued thaw. 18. Rain. 19. Overcast. 

20. Cloudy and cold: sharp frost at night. 21. Frosty: fine. 22. Frosty : rain 

at night. 23. Clear. 24. Boisterous: cold and dry. 25. Clear and frosty. 

96. Overcast and fine. 27. Very fine. 28. Cloudy. 29. Fine. 30. Hazy. 

31, Foggy: rain. 
Previously to the thaw, in the beginning of the month, the frost had penetrated 

in some soils to a depth of 12 inches. 

Boston.—Jan. 1. Cloudy. 2. Fine. 3, Cloudy: stormy with lightning and 

rain early a.m. 4. Cloudy : snow early a.m. ; stormy with rain P.M. 5. Stormy. 

6,7. Fine. 8. Fine: thermometer 17°0 three o’clock rm. 9. Fine: therme- 

meter 289-0 three o’clock p.m. 10. Cloudy: large fall of snow early am. 11. 

Cloudy : snow early a.m. 12. Cloudy. 13. Fine: rainr.m. 14, 15. Cloudy. 

16. Cloudy : snow early a.m.: rain ?.M, 17, Fine. 18. Cloudy. 19. Cloudy : 

rain early a.m. 20. Snow: snowr.m. 21, Cloudy: snow early A.M. 22, 23. 

Fine. 24. Stormy: heavy snow-stormr.m. 25, 26. Fine. 27. Fine: beautiful 
morning. 28. Cloudy, 29. Fine. 50. Cloudy. 31. Rain: rain early a.m.: 
snow-storm p.m. N.B. The 8th of this month was the coldest day since Jan. 1, 1820. 

Applegarth Manse, Dumfries-shire—Jan, 1. Slight showers. 2. Slight show- 

ers: frost inthe morning. '3. Snow-storm, 4. Snow-storm and frost. 5. Snow- 

storm. 6. Fair: snow lying. 7. Snow-fall: frost very keen, 8. Snow-fall 
slightly: frost keen. 9. Thaw, with slight snow. 10. Snow and frost again. 
1). Fair: snow lying: thawr.m. 12. Fair: but freezing hard. 13, Fair: 
freezing, 14,15. Fair. 16. Storm of snow, sleet and rain. 17. Thaw: heavy 

rain p.m. 18. Frost again: clear. 19. Frostagain. 20. Frost again: Aurora 
borealis. 21. Thaw: drizzling rain. 22, Wet and boisterous. 23. Wet and 
boisterous: slight snow-fall. 24. Fair: frosty : slight snow-fall. 25. Frost a.m. : 
drizzler.m. 26. Thaw and thickfog. 27. Shower in afternoon. 28, Fair and 
fine: snow melting. 29. Drizzling. 30. Thick fog all day. 31. Clear and 
cold: moist p.m. 
. Sun shone out 25 days. Rain fell 10 days. Snow 8 days. Frost 16 days. 

og 2. 
ind north 2 days. North-east 5} days. East 2 days, East-south-east 3} 

days. South-east 1} day. South-west 4 days. West-south-west 1 day. West 
4 days. West-north-west 25 days. North-west 3 days. North-north-west 2 days. 

Calm 8 days. Moderate & days. Brisk 3 days. Strong breeze 7 days. 
Boisterous 4 days. Stormy 1 day. 

Mean temperature of the month...........+ 31°45 
Mean temperature of January, 1840...... 37 80 
Mean temperature of spring-water ...... 42 *00 
Mean temperature of spring-water,1840,, 43 *30 
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APRIL 1841. 

XLI. On the * oliaic Decomposition of Aqueous and Alcoholic 
Solutions. By Arvruur ConneL, Esg., F.R.S.Ed., Pro- 
Sessor of Chemistry in the United College of St. Salvator’s 
and St. Leonard’s, St. Andrew’ s*. 

H4v! NG been engaged at intervals for several years in 
researches on the nature of the changes which take 

place in solutions in the principal solvents under voltaic agency, 
and having, I conceive, attained some general results, [ pro- 
pose at present to give a condensed view of these experiments 
and conclusions, the more detailed account of them being 
contained in two papers already published in the Transactions 
of the Royal Society of Edinburgh +, and a third in the course 
of publication. The principal objects which I have in view 
at present, are to suggest one or two general rules relating to 
the secondary voltaic decomposition of dissolved combinations 
of elementary bodies; to illustrate the state in which the ha- 
loid salts are dissolved ; and to offer some elucidations of the 
conducting power of solutions. 

I. Aqueous Solutions.—It is well known that by the em- 
ployment of the voltameter Mr. Faraday was enabled to show 
that in many instances of voltaic action on aqueous solutions, 
the changes produced on the dissolved substance were the re- 
sults not of the direct action of the electric current, but of the 
secondary agency of the products of the direct decomposition 
of water {. This method, however, is not capable of resolving 
all cases, many of its results being explicable equally on the 
idea of a primary as of a secondary decomposition of the 

* Communicated by Sir David Brewster. + Vol. xiii, and xiv. 
{ Experimental Researches, Seyenth Series. [L. and E, Phil. Mag., 

vol. v.]- 

Phil. Mag. S. 3, Vol. 18. No. 117, April 1841. R 
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dissolved body; for the dissolved substance is often equally 
capable, with water, in so far as respects composition and 
atomic constitution, of yielding a definite proportion, whether 
of oxygen or of hydrogen; and the non-appearance of one or 
other of these elements at either pole is often equally expli- 
cable on the idea of the dissolved substance not contain- 
ing such element, and on that of its being derived from water, 
and subsequently entering into union with the elements of the 
dissolved substance. Many cases, however, occur, in which, 
from peculiarity of atomic constitution, taken in conjunction 
with the proportion of gases evolved at the poles, we can have 
little hesitation in pronouncing in favour of a secondary ac- 
tion. Such cases, I conceive, are those of nitric, sulphurous 
and the organic acids, and of ammonia, as exemplified in Mr. 
Faraday’s experiments. 

Accordingly, although in such instances as these Mr. Fa- 
raday decided with reason in favour of sucli 2s; action, yet he 
was so far from laying down as a genera’ rule, that in all cases 
of solution of acids, alkalies and other primary combinations 
of elements, the dissolved body was never directly decom- 
posed by galvanic agency, that he distinctly gave his opinion 
hat the hydracids are directly decomposed *, and inclined to 
the view also that the haloid salts were in the same situa- 
tion. 

By adopting other methods, with the occasional aid of the 
principle of the voltameter, I conceive that I have been en- 
abled to extend the rule of secondary action to all cases of 
aqueous solution of primary combinations of elementary 
bodies. 

The usual method followed, was to endeavour to separate 
some one of the constituents of the dissolved body, on the 
assumption that that body was directly decomposed, and"to 
exhibit it in a distinct shape. The solution, contained in a 
small tube of the capacity of about one and a half drachm, was 
connected with another tube of the same capacity filled with 
distilled water, the connexion being made by a short and 
thick bundle of asbestus previously well washed with dilute 
acid and then with distilled water, with which latter fluid it 
was still moist when the connexion was made, and the level of 
the solution being a fraction of a line lower than that of the 
distilled water. 

The water was then connected with the side of the battery, - 
to which the constituent of the dissolved substance would na- 
turally pass if that substance suffered direct decomposition, 

* Ubi sup. §. 7638-4.» 
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and the solution itself with the other side, as in fig. 1. In this 
way the constituent must necessarily be exhibited in the water, 
either separately or in a state of combina- 
tion with one or other of the elements of Fig. 1. 
the water, which new combination would 
in its turn suffer decomposition, whether 
primary or secondary, if admitting it. 
The readiest and simplest illustration of 
the efficacy of this method, is to connect 
the solution of any ordinary salt, such as A B 
sulphate of soda, with two tubes contain- 
ing distilled water, and one of the latter 
with the positive and the other with the negative side of the 
battery, as in fig. 2, where B contains the saline solution, and 
A and C distilled water; when by the passing of acid into 
C and of alkali into A, the constituents will be exhibited in a 
separate state.’ 

The first case hich shall be adverted to, is that of a simple 
binary combination having neither acid nor alkaline qualities. 
If an aqueous solution of bromide of iodine is mixed with a 
solution of starch and acted 
on voltaically, iodine imme- Fig. 2. 
diately separates at the ne- 
gative pole, forming the 
usual blue combination with 
starch. Apparently, there- 
fore, the bromide is resolved 
by the action of the current A B C 
into its constituents, iodine 
going to the negative, and bromine to the positive. It is easy, 
however, to show that this effect is entirely a secondary one: 
the mixed solution of the bromide of iodine and of starch 
was placed in the tube B, fig. 1, and the starch solution in A, 
the asbestus being moistened with the starch solution, B be- 
ing made positive, and A negative by fifty pairs of two-inch 
plates*. Effervescence speedily ensued from both poles, but 
after forty minutes’ action not a trace of any blue colour was 
observed in either tube. The battery was then reversed, the 
platinum foil in B being now connected with the negative 
side, and that in A with the positive side. Within two mi- 
nutes the blue combination appeared round the negative foil; 
the effervescence ceasing at that pole, but continuing at the 
positive. Had the bromide been directly decomposed, iodine 

N az 

* All the batteries employed in these experiments were on Cruicke 
shank’s construction,* 

R2 
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ought to haye been liberated, and the blue colour produced 
in one or other of the tubes before reversed; but as this change 
did not occur till after reversal, the effect was due to nascent 
hydrogen at the negative pole. This hydrogen must have 
combined with bromine if the bromide is dissolved as such, 
as is usually held, and is most probable; or with oxygen if 
the whole or a part of it decomposes water, forming hydro- 
bromic and iodic acids *, The appearances of effervescence 
lead to the same conclusion. ‘The oxygen liberated at the 
positive pole in B before reversal must have come from water, 
and implies an equivalent quantity of hydrogen passing into 
A, and uniting with the oxygen of water in the course of de-~ 
composition in A. Now as this hydrogen did not appear on 
reversal of the battery, it must have been employed in li- 
berating iodine. 

The next case to be considered is that of the oxyacids. 
When we observe the radical of such an acis’- solution sepa- 
rating at the negative pole and oxygen at the positive, we are 
at first sight inclined to suppose that the acid itself has been 
the subject of direct voltaic decomposition ; and accordingly 
it has been often thought that sulphur and phosphorus, when 
they are observed in such circumstances, are the result of 
direct decomposition of the corresponding acids. In like 
manner we might conclude that the iodine which instantly 
separates at the negative pole when a solution of iodic acid is 
acted on, is the result of primary decomposition; but a 
simple experiment at once shows the action to be secondary. 
A mixed solution of iodic acid and of starch was placed in 
the tube B, fig. 1, and a solution of starch in A, the con- 
nexion being by asbestus moistened with the latter solution, 
and B made positive and A negative by fifty pairs of two-inch 
plates. Effervescence ensued from both poles, but after half 
an hour’s action no formation of blue was observed anywhere 
in either tube. ‘The battery was then reversed inthe manner 
above described. In two minutes blue matter was formed on 
the now negative foil in the acid solution with little or no ef- 
fervescence at that pole, but effervescence from the positive 
foil. ‘Thus in the first position of the battery, as there was 
no direct decomposition of the acid, iodine did not pass to- 
wards the positive pole; whilst after reversal, iodine imme- 
diately appeared by the reducing action of hydrogen derived 
from directly decomposed water. ‘The analogy of this ex- 

* When both poles are plunged into the solution, and the battery is in 
fresh action, there is effervescence at both poles, a part of the hydrogen 
only being engaged in producing the secondary action, 
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periment may evidently be extended to sulphuric, phosphoric 
and other oxyacids. 

This result may be further illustrated on the principle of 
the voltameter. A current of the same power as above was 
passed through a solution of iodic acid, and one of sulphuric 
acid diluted with twelve parts of water. Iodine without any 
elastic fluid separated from the negative pole of the iodic so- 
lution, and from the other poles the following quantities of 
gas were collected. 

Negative of sulphuric solution *33 cubic inch. 
Positive of do. do. 12 ad 
Positive of iodic solution 14 a 

This result can scarcely be explained except on the idea 
of the direct decomposition of water only; for similar quan- 
tities of oxygen were liberated from both solutions, notwith- 
standing the difference of atomic constitution of the two acids ; 
and whilst a corresponding quantity of hydrogen was evolved 
from the sulphuric solution, that from the iodic did not ap- 
pear, and was plainly occupied in reducing iodine. 

In like manner when the same current was passed through 
dilute sulphuric acid and a solution of boracic acid, it was 
found that very nearly the same relative quantities of oxygen 
and hydrogen were evolved from both solutions in the same 
time, notwithstanding the difference in the atomic constitution 
of the two acids. ‘There was therefore little doubt that in 
both solutions the water and not the acid had suffered decom- 
position. 
We turn now to the hydracids. _When a solution of mu- 

riatic or hydriodic acid, not too weak, is acted on under or- 
dinary circumstances, there is an immediate liberation of 
chlorine or iodine without oxygen at the positive pole, and of 
hydrogen at the negative. The first view which strikes one, 
is that the hydracid is directly resolved into its elements ; and 
this is the view which Mr. Faraday has adopted. It is not, 
however, difficult to show that the decomposition is a secondary 
one. A moderately strong solution of muriatic acid was 
placed in the tube A, fig. 1, and distilled water in B, the con- 
necting asbestus being moistened with the latter fluid, A be- 
ing made negative, and B positive by a power of fifty pairs of 
two-inch plates. There was speedy effervescence from both 
poles, and in about a quarter of an hour a trace of acid was 
found in the positive tube, which went on increasing; but it 
was not until after nine hours’ action that a feeble and doubtful 
odour of chlorine could be detected in that tube. When the 
conducting power of the water in B was improved by adding 
afew drops of sulphuric acid, a brisker effervescence than 
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before was observed at the poles, but still in ten minutes no 
trace of chlorine was observed in either tube by the smell or 
by test paper. The battery was then reversed, when in less 
than two minutes a decided smell of chlorine was observed 
in B, and in ten minutes test paper was bleached when plunged 
into it. It was also ascertained that no gas but chlorine was 
liberated from the positive pole subsequent to reversal. When 
the power was seventy pairs of four-inch plates and the li- 
quid in B distilled water, acid was detected at the positive pole 
in three or four minutes; but after half an hour’s action no 
bleaching could be observed in either tube, although a feeble 
odour of chlorine was latterly observed. The battery was 
then reversed, when instantly a pungent odour of chlorine 
arose and test paper was bleached. 
When a moderately strong solution of hydriodic acid was 

placed in A and distilled water in B, A being negative and 
B positive, and the power fifty pairs of two-inch plates, a 
slight effervescence ensued from both poles, and during the 
first ten minutes there was no discoloration of the liquid in 
either tube. A slight yellow tint then appeared in the posi- 
tive liquid and no change in the negative, and shortly after a 
just perceptible acid reaction was observed in the positive 
liquid. In a quarter of an hour the battery was reversed. 
Instantly, notwithstanding the diminished action of the bat- 
tery, the liquid around the positive foil became brown from 
liberated iodine, without the least effervescence from that pole. 
When the level of the hydriodic solution was about a line 
lower than that of the water, no discoloration took place in 
either tube in a quarter of an hour, but it was instantly ob- 
served on reversal. When the power was seventy pairs of 
four-inch plates, the discoloration began in B in about five 
minutes, with acid reaction. On reversal there was instant 
discoloration in A, and no gas. 

In these experiments, it seems obvious that the non-appear- 
ance of chlorine for so long a period, and its speedy appear- 
ance after reversal with cessation of oxygen, show its secondary 
origin from the reducing action of oxygen on muriatic acid. 
If before reversal a trace of it ultimately appeared, its origin 
was plainly due to the acid which had been some time before 
drawn over to the positive side. In the case of hydriodic 
acid the iodine was in like manner due to the reducing action 
of oxygen; and if it appeared sooner before reversal than 
chlorine, that circumstance was due to the circumstance of 
hydriodic acid being a much weaker combination, and more 
readily reducible than muriatic acid. Even if we suppose 
that chlorine or iodine in passing by direct voltaic agency 
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towards the positive side reacted with the hydrogen of the 
water in B, it is plain that the hydracid. so formed should 
have been immediately decomposed again, and the chlorine 
or iodine should have speedily appeared at the pole in a se- 
parate form, and that before acid appeared; whereas in the 
case of muriatic acid, the chlorine did not appear till consi- 
derably after acid had passed into B, and much later than 
iodine appeared in the case of hydriodic acid, although the 
constituents of the latter are less decidedly opposed to one an- 
other in electric nature than those of muriatic acid, and there- 
fore ought reasonably to be of more difficult voltaic decom- 
position. The quantity of chlorine or iodine which appears is 
not in proportion to the absolute quantity of acid which passes 
over, but to the facility with which that acid is reduced. The 
fair and natural interpretation of the whole phzenomena, is 
evidently afforded on the view of a secondary action on the 
hydracid. 

The experiment with hydriodic acid was varied by connect- 
ing two tubes, B and C, fig. 2, each filled with distilled water, 
with the tube A, containing the hydriodic solution, the power 
being seventy pairs of four-inch plates. Slight effervescence 
ensued at both poles, but during forty minutes’ action no dis- 
coloration appeared in either tube. Soon after a brown tint 
appeared in C, with acid reaction at the positive pole. In 
ten minutes more the battery was reversed, when iodine 
without any gas instantly appeared in A. All these appear- 
ances are quite in conformity with the above views. 

In regard to metallic oxides it is not easy to obtain such 
direct experimental evidence, because the metals of such as 
are soluble in water react on the solvent; but we may take 
the decomposition of metallic oxides as contained in solu- 
ble salts, during which the metal frequently appears at the 
negative pole, as illustrating the action on solutions of such 
oxides as are dissolved by pure water. It is now pretty ge- 
nerally admitted, that when metal appears in solutions of 
metallic salts at the negative pole, it is due to the reducing 
action of nascent hydrogen; and this opinion I have verified 
directly by finding, that when solutions of sulphate of copper, 
or muriate of zinc or nitrate of silver, were made positive by 
fifty pairs of two-inch plates, and connected by asbestus with 
distilled water which was made negative, neither metal nor 
oxide was carried towards the negative pole during half an 
hour’s action; whilst on reversal of the battery, the non-nega- 
tive foil in a quarter of an hour was found to be more or less 
covered with reduced metal. Thus the circumstance that 
in the one position nascent hydrogen was produced in the 
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metallic solution, and in the other in the distilled water, evi- 
dently was the cause of the difference of the result. The 
experiment with muriate of zinc and nitrate of silver was 
varied by placing the solution in a bent tube and pouring 
distilled water over it, the negative wire being alternately 
plunged in the water and in the solution. The results be- 
fore and subsequent to reversal of the battery were the same 
as in the experiments with asbestus; the only difference being, 
that in the experiment with zinc solution, a little oxide of 
zinc appeared to be deposited at the confines between the 
water and the solution. 

I am aware of the circumstance mentioned by Davy, that 
the connecting asbestus in an experiment with nitrate of silver 
acquired a film of silver, water being on the negative side; 
but without doubting for a moment the accuracy of the state- 
ment, | do not hesitate to conclude, from a consideration of 
my own results, that the silver had resulted in the single in- 
stance mentioned from the reduction of silver by the secondary 
action either of light, or of the hydrogen evolved, by the 
powerful battery employed, in the negative liquid. 

I thought that a negative pole of tellurium in the metallic 
solution might, by combining with hydrogen, have prevented 
the formation of metal at that pole: but I found that copper 
and zinc were deposited even in those circumstances ; showing 
that nascent hydrogen, where the metal held in solution is 
easily reducible, rather unites with its oxygen than with the 
tellurium. 

In regard to haloid salts, I shall afterwards endeavour to 
show that they are not dissolved by water as such, but as hy- 
dracid salts. In the mean time I shall mention, that proof of 
exactly the same description as that which has been detailed 
in regard to the hydracids, was obtained in regard to solutions 
of chlorides and iodides of potassium, showing that the chlo- 
rine and iodine which appear when they are acted on vol- 
taically has a secondary origin. 

There is also a very simple experiment of a different de- 
scription which leads to the same conclusion, When an 
aqueous solution of iodide of potassium was acted on, using 
a positive pole of zinc, by fifty pairs of two-inch plates, in- 
stead of iodine separating at that pole, as is the case when one 
of platinum is employed, there was a speedy and copious de- 
position of oxide of zinc from the posztive pole, with only a 
bubble or two of elastic fluid, but with brisk effervescence 
from the negative; appearances which can only be explained 
on the idea of the secondary origin of the iodine, and are con- 
formable to the view of the direct decomposition of water, the 
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oxygen of which combines with the zinc when the pole is of 
that metal, or with hydrogen of the acid of the salt when 
platinum is used. With chlorides of potassium and calcium, 
there was also a deposit of oxide of zinc at the positive pole, 
and sometimes a part of the oxide of zinc was taken up by 
the acid of the hydracid salt and carried to the negative side. 

I conceive that a sufficient number of cases has been in- 
vestigated to warrant the general conclusion, “that when 
aqueous solutions of primary combinations of elementary 
bodies are submitted to voltaic agency, the dissolved substance 
is not decomposed by the current, but only the solvent.” 
The rule of course does not embrace combinations of the se- 
cond order, such as oxysalts, which as every one knows 
are resolved into their constituent acid and alkali under vol- 
taic agency. 

[To be continued.] 

XLII. A new and more general Theory of Multiple Roots. 
By J.J. Sytvester, F.R.S. §c., Professor of Natural Phi- 
losophy in University College, London*. 

I SHALL begin with developing the theory of polynomials 
containing perfect square factors, one or more. 
First, let us proceed to determine the relations which must 

exist between the coefficients of such polynomials, and after- 
wards show how they may be broken up into others of an in- 
ferior degree. 

A parallelogram filled with letters standing in one row is 
intended to express the product of the squared difference 

of the quantities contained. Thus ( ab , indicates (a—b)? 

(a b c ) is used to indicate (a—0*) . (a—c)? . (b—c)’, and so 

forth. 
Suppose now that two of the roots ¢, ¢ «.. &, belonging to 

the = "f2 = 0 are equal to one another, it is clear that 

(e, Gp ‘see én ) = 0; and moreover is a symmetric function, 

and can be calculated in terms of the coefficients of fx. 

Next let us suppose that we have two couples of equals, (as 

for instance a and 4, two of the roots equal, as also cand d 

two others) it is clear, that on leaving any one of the roots 

out, the (n—1) that are left will still contain one equality, and 

therefore we have 

‘COE en ) = 0 Ce ey ++ ey )=Own(e; ly aa ae = 0, 

* Communicated by the Author. 
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None of the parallelogrammatic functions above taken singly, 

are symmetric functions of the coefficients, but their sum is; 

so also is the sum of the product of each into the quantity 

left out. 5 
Now in general, suppose that the polynomial f a contains r 

perfect square factors, so that we have r couples of equal roots 

belonging to the equation fa = 0, it is clear that 

n(n—1)..-(n—7 +2) 

1.2... (r—1) 

tions of which it is the type are severally zero. Moreover, the 

sum of these or the sum of the products of each by any sym- 

metrical function of the (r—1) letters left out will be a sym- 

metrical function of the coefficients of the powers of # in fx. 

To express now the affirmative* conditions corresponding to 

the case of there being r pairs of equal roots, we might em- 

ploy the 7 equations, 
(€, €g+02 Ge ) =O 

B (ee % dee en) =0 

= ( € en) = 0 

> ( Cp Trt oes en) = 0. 

But these, except the last, are not the szmplest that can be 
employed ; that is to say, we can write down 7 others, the 
terms of which shall be of lower dimensions in respect to the 
roots. 

Let /, denote that any rational symmetrical function of the 

uth degree is to be taken of the quantities which it precedes. 
Then the 7 equations in question are all contained in the 

general equation 

2 a a (Gy Gai * ca Opn) be Gare Saale = 0; 

be being taken from 0 up to (7—1) we obtain 7 equations, which 
in respect to the roots are respectively of all degrees between 
nm. (n—1) « (n—7+2) and 2 (2—1)... (n—7+2) 

2 2% (51) iY. ose (r—1) 

reckoned inclusively. 
Now at this stage it is important to remark that the above 

r equations, although necessary, are not suffictent ; and indeed, 
no more affirmations of equality can be sufficient to ensure 
there being r pairs of equal roots. 

func- 
(er erga ; “+ €n) and all the other 

+ (r—=1) 

* The importance of the restriction hinted at by the use of the word 
affirmative will appear hereafter. e 
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To make this manifest, suppose r = 2. Then in order 
that an equation may have two pairs of equal roots, we must 
have by the above formula 1 

(6263+) =O & {€1 (€2 5 +++ &)} = 0. 

But if instead of there being two perfect square factors 
there be one perfect cube*factor in fx, it may be shown by the 
same reasoning as above, that the very same two equations 
apply. In fact, it may be shown in general that no such equa- 
tions as those given above can be affirmed in consequence of 
there being an amount r of multiplicity consisting of unit 
parts which may not be affirmed with equal truth as necessary 
consequences of the same amount distributed in any other 
manner whatever. How to obtain affirmative equations suffi- 
cient as well as necessary (under certain limitations) will ap- 
pear at the close of this present paper. 

It is worthy of being remarked, that if we make /;, denote 
the sum of the products of the quantities to which it is pre- 
fixed, taken » and » together, the equations of affirmation be- 
come identical with those obtained by eliminating between 

f«x and Fe i 

It can scarcely be doubted that the illustrious Lagrange, 
had he chosen to perfect the incomplete theory of equal roots 
given in the Résolution Numérique, by applying to it his 
own favourite engine of symmetric functions, could scarcely 
have failed of stumbling by a back passage upon Sturm’s me- 
morable theorem. 

Let us now proceed to show how a polynomical known to 
contain one or more perfect square factors may be decom- 
posed. 

Let us begin with supposing that it contains but one such 
factor ; so that fx = oa2.(x—a)*. 

I shall show how to obtain the equations C (x—a) = 0, 
D¢owx.(#—a) = 0, E(x~—a)? = 0, F.(¢ 4) = 0, each in its 
lowest terms. 

1. To form the equation Lz + M = 0, where » = a, it is 
easy to see that if we write down in general the expression 

(w—e,) (€5 +++ @n) this will become zero whenever the root 

é, left out is not one of the equal roots (a): so that in fact 
(calling the two equal roots e, e, respectively) 

* See’my Note on Sturm’s Theorem, Phil. Mag., December, 1839. [L. and 
E. Phil. Mag. vol. xv. p. 434.) 
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S {(w—ey) X (ey ey oe» Cn} = (4#—€y) X (Co ey vee én) 

+ (@—€,) Xx (G ee ey): 

or simply = 2(a—a). (5 es + Cn) 
Hence by making 

x E (ey &y oo En) — & (0, x (Ca ey oo Cn} = 05 

we have an equation for finding the equal roots e, é.. 
Again, it is easily seen upon the same hypothesis, that 

= {(w—eq) (47 es) (Vey) one (W—En) X (Co ly oe en )} 

= 2(x—e,) (w—e,) «6 (v—en) x (a, Oye Ene 

Hence, to form the equation having the same roots as 
(x—a@) >, we have only to make 

wD (6, oy v0 én ) 7 1 en te dias eet (é Ba; <arGia) ' 

i, OS Yeap. e, x (Beg eet SON 

Suppose now in general that we have (7) perfect square 

factors, so that fz = $a. («—a,)* (w—dy)? ... (v—ar)”. 

To form the equation C (t—a,)’(a—ag) ... (e—a’) = 0, 

we have only to make 

> {rz7—@, . L— C5 eee T—E€, xX ( Cy 41 Cy42 eee én) $ = 0 

And to obtain Do a x (w—4,) (v—ag) «. @—4,) = 0 

we must make 

> {(t@—-er41) (w—Cy49) oe (w—en) X (ert Ergo ese En )} oer 

The theory of perfect square factors is not yet complete 
until it has been shown how to obtain constructively $a, 
and as analogy suggests the complementary part D!(7—a,)* 
. (w—4a)* «.. (w—a,)° each in its lowest terms. ‘To effect the 
latter it might be said that it is only necessary to take the square 
of C (w—a,) (w—a) «+. (x—a,). It is true the polynomial 
so formed would contain every pair of equal factors, but not 
in the lowest terms as regards the coefficients (as we shall 
presently show). 

To solve this last part of the problem, let it be agreed that 
two rows of letters inclosed in a parenthesis shall indicate the 
product of the squares of the differences got by subtracting 

each in the row from each in the other, so that (3) 

=(a—b (,%,)=(a—b) (a—2)" (79) = (a—c)\(a—d)? 

(b—c)? .(b—d)* 
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Let us begin with supposing that fx has one pair only of 

equal roots; to form the simplest quadratic equation contain- 

ing this pair, write down 

(we) (@— ea) X (ey 4 «+ @n) x ( “ i deieglt 

Now if e, and e, are the two equal roots in question the 
multipliers of (e—e,) (v—e,), neither of them vanish. 

If e, and e, are neither of them equal roots (3 C4 ove en) = 0. 

If one of the two only belong to the pair of equal roots 

€3 C4 eee Cn 

Hence it is clear that 

E ((e-4) (ee) x (etn) x (22 J) =0 
C3 C4 eve Cn 

is the equation desired. 
In like manner if there be (7) pairs of equal roots the equa- 

tion of the (27)th degree which contains them all may be 
written ; 

5; Se Sora CAEL E S 
B4 (e—e1) (2—€)6+.(@—€9,) X ( Cappieer€n) xX | Saeeoe ) i= 0. 

The coefficient of x?” in this equation is clearly of (7—2r) 
(n—2r—1) + 4r (n—27r) z.e. of (n + 2r—1) (n—2r) di- 
mensions. The coefficient of x” in the equation which con- 
tains the 7 equal roots unyoked together is of (n—r) (n—7—1) 
dimensions, and consequently the coefficient of x?” in the 
square of this equation would be of 2 (x—r) (»—7—1) dimen- 
sions, z. e. would be 2°+ 67?—(47+41) m dimensions higher 
than needful. 

Finally, to obtain an equation clear of simple as well as 
double appearances of the equal roots, we have only to write 
the complementary form 

S 4 (eters (w7—€2 740) orveee (7—€y) x (eanpa +o a) 

Cy Co v0 Cary ys 
Z a eee Cn ) \ sy 

Let us, now that we are more familiarized with the notation 

essential to this method, revert to the question with which we 

set out, and endeavour to obtain 7 such equations as shall 

imply wnambiguously the existence of r pairs of equal roots. 

The existence of 7 such pairs enables us to assert the fol- 

lowing disjunctive proposition, which cannot be asserted when 

the same amount of multiplicity is distributed in any other way. 
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To wit, on selecting any r roots out of the entire number, 

either these 7 will all be found again in those that are left, or 

those that are left will contain inter se, one repetition at least ; 

so that except on the latter supposition any (”—1) may be ab- 

solutely sunk out of those thatare left, and therewill still be 

one root common to the (n—27+1) remaining, and to the r 

originally selected to be left out. 

Wherefore calling the roots ¢; @ ++ én and giving » any 

value whatever, we have 

a4; CAA) x (431 C40 aD bo) Wi Carre )} 2, 
Cor Co r41 eoeln 

Hence the simplest distinctive equations indicative of the 

existence of 7 pairs of equal roots are to be found by putting 

p- equal in succession to all values from 0 up to (r—1). 

For instance, if we require that an equation of the seventh 

degree shall have three pairs of equal roots, we need only to 

call the seven roots respectively abcdefg, and then our 
type equation becomes 

(bel * Wad oleate 
+ (61) +(°2)+ (72) 
abe abe abe sf fi(arex (defz) x 

abe abe abe 

From this it appears that the 7 distinctive equations for 
r pairs of equal roots are of different dimensions from the r 
general or overlying ones corresponding to the multiples 
r, anyhow distributed; the lowest of the latter being of 
(n—r +1) (n—r),the lowest of the former of (7—7).(—r—1) 
+2r(n—2r+ 1) i.e. of n.(n—1)—3 7r(n—1) dimensions. 
In general we shall find that the more unequally distributed 
the multiplicity may be the lower are the dimensions of the 
distinctive equations, and are accordingly lowest when the 
multiplicity is absolutely undistributed*. 

22, Doughty Street, Mecklenburgh Square. 

* It must not, however, be overlooked, that the equations above given, 
although decisive as to the existence of r pairs of equal roots when the 
multiplicity is known to be not greater than 7, do not enable us to affirm 
with certainty their existence when this limitation is absent: for should 
the multiplicity exceed 7, then inevitably (no matter how it may 
be distributed) (e431 Cr42 oe én) is always zero, and consequently 

nullifies each term of every one of the equations in question, In fact 
(repugnant as it may appear to be to the ordinary assumptions of analy- 
tical reasoning), it is not possible to express with absolute unambiguity the 
conditions of there being a multiplicity (r) distributed in any assigned 
manner by means of r affirmative equations alone. 

[To be continued. ] 
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XLIII. On the Atomic Volume and Crystalline Condition of 
Bodies, and on the Change of Crystalline Form by means of 
Heat. By Dr. Hermann Kopp*. 

| ep a former paper (Poggendorff, dun. xlvii.) I have en- 
deayoured to show that a relation subsists between the 

you mes in which bodies unite in forming chemical com- 
pounds, in addition to that which is known to exist with re- 
spect to their weights. Gay-Lussac had already shown that 
gaseous compounds combine with one another according to 
volumes; but this observation had not been extended to solid 
or liquid compounds. Hence the object of my inquiries was 
to examine the atomic volumes in which the latter combine, 
in contradistinction to their atomic weights; to which atten- 
tion had hitherto been exclusively directed in examining their 
chemical composition. 

The numbers representing the atomic volumes of bodies 
are proportional, just as the atomic weights are; and 
the atomic volume of any body may be deduced from its 
atomic weight, merely by dividing the latter by its specific 
gravity. But it is evident that these numbers must vary ac- 
cording to the system of atomic weights adopted; hence in 
the following paper, that scale of equivalents in which oxygen 
is equal to 100 is adopted, and not what is still retained by a 
few chemists, in which hydrogen is regarded as unity. The 
formulas of the compounds examined are generally those of 
Berzelius. 

It is not sufficient to affirm that bodies unite according to 
their respective atomic weights and volumes: we must also 
comprehend clearly what is meant by the application of these 
terms. Nor is this difficult; for the idea of mass is represented 
by atomic wezght; whilst a regular and definite volume is evi- 
dently represented by a crystal. | 

The doctrine of isomorphism shows us that there are many 
bodies which possess an analogous constitution and the same 
crystalline form. Our idea of the volume (or in other words 
of the crystalline form) of these bodies must, therefore, be the 
same. From this it follows that their specific weight is de- 
pendent upon our idea of mass (that is of atomic weight), whilst 
our idea of specific weight is connected with the mass con- 
tained in the same volume. From these considerations the 
following law may be deduced: 

The specific weight of isomorphous bodies is proportional to 
their atomic weight; or, isomorphous bodies possess the same 
atomic volume. 

* Communicated by the Author. 
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This law may be proved from facts already known. The 
following presents a tabular view of all the isomorphous 
groups, the specific gravities of which have been determined 
with accuracy. In the first column the chemical formulas of 
the compounds are stated; in the second their specific gra- 
vities, with the authorities from which they are taken; in the 
third the atomic weights adopted by Berzelius; and in the 
fourth the atomic volumes deduced from the observations. 

Gold and Silver. 

Au 19-258 Brisson 1243-0 64-54 
13516 129°61 Ag 10-428 Karsten. 6758 6480 

Berzelius has given the number 1351 as the atomic weight 
for silver, but Regnault has lately proved that 675 is more 
correct. 

Potassium and Sodium. 
K 0-865 Gay-Lussac and Thénard 489-92 566°39 

: 290-90 299:27 
NS Re eri aan ee, 581-80 598-54 

Dr. Clarke, influenced by several theoretical considerations, 
was induced a few years since to propose that the atomic 
weight of sodium should be raised twice as high as it is con- 
sidered by Berzelius to be; and it is remarkable, that we ob- 
tain an equal atomic volume between potassium and sodium, 
if we adopt the view of Dr. Clarke. 

Oxide of Tin and Titanic Acid. 
Sn O, 6960 Mohs 935-20 134-38 

4-202 yo 119-87 
4054) Breithaupt 118-40 

TiO, < 4-249 Mohs 50369 118-54 
3-759 Breithaupt 134-00 
3°826 Mohs 131-65 

The first three numbers for the specific gravity of titanic 
acid are deduced from the mineral rutile, which is always 
rendered impure by substances specifically heavier ; its atomic 
volume must, therefore, be smaller than it really is. The two 
last are drawn for anatase. 

Alumina, Peroxide of Iron, Oxide of Chromium and Ilmenite, 
(3-909 7 (164-32 
2079) Mohs | | ants 

Al, Os 4 ‘{'993 ) Breithaupt 64233 < eo 
3°562 Musschenbroek | | 180-33 
3531 Brisson J 181-93 
5225 Boullay 

are ) Leonhard 

5*251 Mohs 

Fe, O; 

187-26 

184-61 
186-33 
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Cr; O; 521  Woéohler 1003°6 19263 
4:729 5 199-39 : Breithaupt . (Fe+Ti) O, +703) 942-90 | 196°72 

s ») Kupfer 0 
4:78 197-26 

Spinel, Gahnite, Chrome-iron ore, Franklinite and Maegnetic- 
7ron-ore. 

Mg O, Alz Os { ae) Breithaupt 900-68 { 235-82 
Zn O, Als O.\, . 3 Greo,al,'o, 4232 Mohs 1113-6 263-12 

Mg O, Al, O3\, f 4:410\ ,,- ae 265-71 
Fe O, Crs O; ) { 4-439) Abich 1171°8 + 963.57 wl— 

Zn O, Fe, O3\,.. + (itm 01 Fe0;)5091 Mohs 14530 285-41 
Fe O, Fe,O; 5:094 Mohs 1417°6 278:28 

Copper-glance and Silver-copper-glance. 

5-695 is 174-28 Cu, § {e73e} Mohs 992°56 { 173-07 

(Cu+Ag) S 6-255 Stromeyer 1272-7 203°47 

The atomic weight of silver is supposed to be half that 
adopted by Berzelius. 

Antimony-glance and Orpiment. 
4620 Mohs 479:75 

Sb, 8, | #026 Breithaupt } 2216°4 ; 479°11 
4850 Musschenbroek 456-99 

3313 Musschenbroek 465:91 
As, 8, | so Mohs } 1543°6 | 48839 

3459 Karsten 446°24 

Cobalt-glance and Nickel-glance. 
Co S,4+Co As, 6298 Mohs 2080-4 330-32 c 6-238), 333-72 NiS,+Ni As, { G-331,) Breithaupt 2081-8 + 3a8 

Arsenic- and Antimony-ruby-blende. 

Bele tet 1121°3 
Ag, S,+Ase s,{ 5:02 ee cs } 6201:9 | 1001 

5524 Mohs 1122-7 
5°787 f 1187-9 

Ag, S,+Sb, S| 5844) Breithaupt } 6874-7 {uz 
5°831 Mohs 11790 

Lennantite and black Copper. 
is og % he } 4375 Phillips 13563-7 3100-3 

~~ ‘ 3 \ 3 

Cup Sp, Sby 85) =, : " +2(PHIS’Sp/S'} 5763 Mohs 186009 32276 
Phil, Mag, 8, 3, Vol. 18. No. 117, April 1841, § 
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Lead-glance and Seleniuret of Lead. 
Pb Seccese thee Musschenbroek } 1495-7 ae 

587 Brisson 197:13 

Pb Se.....-{ §.g9 ) Leonhard 1786EY Py areas 

The Carbonates of Zinc and Magnesia; Mesitine; the Car- 
bonates of Iron and Manganese ; Dolomite and Calcareous spar. 

4:442 Mohs 175°52 

210,00,{ #4 Naumann | 77907. {31730 
2.208 Breithaupt 7 190-45 

Mg 0, CO ars) Mohs een oe 
ey ta hess CUT? 9 arate 

2:97 ) Naumann | 180°06 

Meg O, CO,\ f 3350 186-62 
41Fe0,C O°) { 3363) Mohs 625°22 4 185-90 

3-829 Mohs 186-90 
Fe 0, C of en 71686 | “Vitae 

39 ) Naumann 18350 

3°550 203-48 MnO, C o.{ ; p08) Mohs reeag)) {2088 

(O20. C0:) f 2884 Mohs 58362 20236 
> 

721 Mohs 232-43 
CaO, C O24 9.750 Naumann } 63246 4 999.98 

Arragonite, Strontianite, Witherite and Carbonate of Lead. 

Ca0,CO.{ 3995 Breithaupe 68246 (5197 
S0,C0.{ 3695 Karsten } 99373 {S54¢9 
mao,co,{fate Keven ang (2800 
PbO,CO.{§498 Karten  f'16709 {355.94 

The Sulphates of Barya, Strontia and Lead. 

Ba 0,805 {4446 Mone } 14581 {30755 

Sr0,80, {3953 Brethaupe $1488 {25052 
moo.so, ($5 Hage} usr {BIS 

The Nitrates of the same Oxides. 

BaO, N; O, {3188 Hassenfratz } 
3185 Karsten 

of 860°51 
1633°9 { 513°00 

we Pes - 

— 
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2:390 Karsten , 458°25 fe? 18006 Hnweatings Pe Laer eee 
4-400 Karsten “ 470:°80 PbO, Nz 0; 4769 Breithaupt } wr {43437 

The Chlorides of Barium, Strontium and Lead. 
3°860 Boullay ; 336°66 BaCh{ 3704 Kanto } 12995 {eyes 

Sr Cl, 2-803 Karsten 989°9 353°18 
5802 299-40 Pb Cl, | 562) Karsten \ 1737-2 | 30972 
5238 Monro 331°60 

The Nitrates of Potash and Ammonia. 
1:933 Watson 655°47 KO,N, 0, {2101 Karsten i 1267-0 { 603-04 
2058 Kopp 615°64 
1*707 Kopp , 588°16 

N,H50, N, 0,4 1579 Hassenfratz } 10040 { 635°84 

The Chlorides of Potassium and Ammonium. 
1:915 Karsten ¥ 486:99 BE) 1-945 Kopp } 93257 {479-47 
1450 Watson 461-81 

N, Hg on 1528 Mohs i 669-61 ! 438°24 
1:500 Kopp. 446-41 

The Carbonates of Scda and Silver. 
NaO,CO, 2466 Karsten 66734 276-86 
AgO,CO, 6-077 Karsten 172°81 28436 

The Sulphates of the same. 
2°631 Karsten y 339°05 Na 0,80, {9462 Mon f sezos {5033 AgO,SO, 5341 Karsten 1952-8 365°65 

The Nitrates of the same. 
2°256 Karsten 473°35 
2188 Marx = 488:07 Na 4) N, 0, 2-096 Klaproth 1067/9 509:50 2200 Kopp 485-43 

AgO,N.O; 4:355 Karsten 21287 488-79 
The Chlorides of Sodium and Silver. 

2078 Karsten ‘ 353°01 Na Cle{ 9.449 Kopp } 73856 {341-18 
5501 326:18 Ag Cl, | 5458) Karsten } 1794:3 | 2875 
5130 Herapath 349°50 

$2 

259 
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The Molybdate of Lead, the Tungstates of Lead and Lime. 

67 Gmelin 34225 
Pb O, Mo 03 | 6698 Leonhard \ 22930 | 235 

6°760 Mohs 339°20 

8:10 Leonhard , 355:27 
Pb O, WO; { 80 Gmelin } 28777 { 359.78 

6:040 Karsten 304°50 
5800 317:10 

Ca0,W od 6-028 ) Meissner 1839°2 30511 
5-576 329°85 

Olivenite and Libethenite. 

Cu, O,, As,O;+2H,O 4:281 Bournon 3647°8 852:08 

Cu, O,, PO; +2 He ofts) Mohs 31001 pe 

The crystallized Sulphates of Zinc, Magnesia and Nickel. 

Zur0,80,+7H:0 2°036 Mohs 1791:8 880°06 

1-751 Mohs og 883-42 
Mg O, SO;+7 H2 O {1674 Kopp } 15469 + 994-06 
NiO,S0,+7H,O 2037 Kopp 17582 86314 

The crystallized Sulphates of Copper and Manganese. 

2:274 Kopp ? 690°10 Cu 0,8 0,4+5H, 0 { oo ee } 15693. {i339 
2-095 ) Kop 720°53 

Mn 0,$ 0,+5H; O ; 2-087 PP } 1509°5 { 723:28 
1:834 Gmelin 823°06 

The Sulphate and Chromate of Potash. 
2-623 Karsten 415:97 

K O, SO, | 20s0 Watson } 1091-1 1 413-91 
2-662 Kopp 409°87 

2612 ‘Thomson 475°39 
K O, Cr O, | 204 Karsten } 1241-7 } 470:57 

2-705 Kopp 459:04 

Diopside, Hypersthene and Hedenbergite. 

3CaO, Si, O, \ f 3-006 ' 1466-7 
3 Me O, Sip 6.) {3197 } Mobs 44080 {140947 
3 Mg O, Si, O m G FeO. SE ) 3389 Mohs  4657°6 { 1374:3 

3 Fe O, Si, Os E29 Brei : ; acc 0 SL Oo) 3582 Breithaupt 4950°6 13821 

The crystallized double Sulphates of Potash or Ammonia and 
Alumina, Peroxide of Iron or Oxide of Chromium. 

K0,S0O : | ;: 

Al, 0°38 by) +24 H20 1724 Kopp 59365 34434 
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3489:°2 N, H, 0,S0 1-626 
Al, 0,350.) + 24H,0 {t 35} Kopp 56736 {3491-4 
N,H 0,SO : baat 
Fe, 0,, 380°) +24 H,O  1:712 Kopp _— 60097 3510-2 

KO,S0. ; 
Cr, 0,,380,) +24H:0 1848 Kopp 62958 34068 

The crystallized double Sulphates of Potash or Ammonia and 
Magnesia, Copper, Iron, Manganese, Cobalt, Zinc, Cadmium 
or Nickel. 

Mg 0,5 O; )+6 H, 0 { 1:721 Thomsen } 20695 { 13147 
N, H, 0, § 0, 1696 Gmelin 1334-0 

Cu 0, SO res ae K0,80,° )+ 6H,O 2137 Kopp 27628 12928 

. ‘Guo, so 1-757 qf 1422'8 
N, Hs 0, SO; )+ 6H, 0 { 1-756 )Kopp 2499°9 { 1423'7 
Mn O,S O; i : pie $4 

N, H, 0,8 o}) +6H,0 1:930 Thomson 2450°1 =: 1 2692 

VAROESTO) sda K0/SO: ) 4+6H:0 2153 Kopp 2770-4 —1286°8 

Nio, SO 2-111 ; 1296:4 
Koso) +640 (2.136) Kopp 27368 {1813 

1:801 Thomson 1373°6 
Ni 0, SO, 1-783 q J 1387-4 

N, H, 0, $ oS, +65; 0 {151k 2473°9 12918 

Apatite, Green and Brown Lead Ore. 
315 2184-1 

CaCl,+3(Ca,0,,P,0;) 4 3:25 ) Naumann 68793 4 2116-9 
; 3-225 Mohs 2133-3 

70 Naumann : 2423 °5 Pb Cl.+3(Pb, 0;,P, Os) { 2b engi at om \ 16964°6 { ponte 
Ho) > QA. 

PbCI,+3(Pb; 0,, As, 0,) on chip } 18607:9 vee 

By reference to the table now given, it will be seen that our 
law has received ample confirmation; but it still remains to 
be explained why the atomic volume in several of the isomor- 
phous groups is not absolutely equal. 

The law can obviously hold only for those bodies which 
are perfectly isomorphous. But this is seldom the case, for 
those bodies termed isomorphous are generally only approxi- 
mately so, for we find the angles of their crystals deviating 
several degrees from one another ; neither are the relations 
between the axes of bodies thus denominated isomorphous 
perfectly equal. But it is evident, that the more nearly the 
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crystalline forms of isomorphous substances are identical, the 
more nearly will their atomic volumes be the same. The 
crystalline condition and atomic volume stand, however, in a 
certain dependence on one another, which I will endeavour 
to prove by several groups which have been more closely ex- 
amined. It may be proper to remark, that the crystallographic 
notation employed in the following remarks is that of M. 
Naumann. 

It is said that witherite, strontianite, carbonate of lead, 
and arragonite are isomorphous. They all crystallize in rhom- 
boids, but the dimensions of their angles respectively are not 
perfectly equal. If we consider the correct atomic volume 
from each of these bodies as that deduced from the mean of 
the views already stated, and compare these atomic volumes 
with the proportions between the axes, the following is found 
to be the case :-— 

Ba O, CO,:a:b:c = 0°7413: 
SE ONC OF, Pesan: eos 
Pb Op Oe) vin: aw 8OF296 : 
CAIGEC Oo tise aes. ~ HOS20S 

Atomic volume. 

: 0°5950..000.266°72 
: 0°6096..+00255'°53 
: 0°6100...+6.259°50 
> 0°6215.06000213°48 

Or we may also compare the atomic volumes with the indivi- 

dual angles, for example with the declinations « P and P w: 

Atomic volume. 

— ee et 

Ba'O, CO, *'o P = 118° 30" Pao = 286°72 
Sr O, CO, : 117 16 108° 12! 255°53 
PbO CU 117 14 108 13 259°50 
CaO, CO, : 116 16 108 27 213°48 

From these comparisons it is shown that the carbonates of 
lead and strontia are perfectly isomorphous: their atomic 
volumes also approximate very closely. Again, it is seen that 
the two other bodies are neither isomorphous with one another 
nor to the former minerals: hence we find that their atomic 
volumes also differ. 

But it is also apparent that an increase of atomic volume 
for this group must be followed by an increase of the axis a, 
and a decrease of the axis c; or according to the augmenta- 
tion in the atomic volume, the declination « P must become 
more, and the declination P w less obtuse. 

If one of these crystals (of arragonite for example) be heated, 
its density becomes less, and in consequence of this its atomic 
volume greater. The consequence of this must be that the 
declination o P must be more and that of P o less obtuse; 
and this has been long since observed to be really the case. 

But the relation between the crystalline form and the atomic 
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volume may be more correctly estimated in another class of 

carbonates. 
The carbonates of zinc and magnesia, mesitine, the car- 

bonates of iron and manganese, dolomite and calcareous spar, 

are a group of bodies which possess both an analogous con- 

stitution and an equivalent crystalline form. The crystalline 

form of all of them is that of a rhombohedron, but the axes a 

in them are unequal and the angle R different. If we adopt the 

mean of the observations already given as the atomic volume 

of each of these bodies, we find that the axis a of the rhom- 

bohedron increases, that the angle R diminishes, whilst the 

atomic volume increases. 
Axis a. Angle R. Atomic volume. 

Carbonate of zinc ...... 0°80708 107° 40! 175°33 
Carbonate of magnesia 0°81165 107 25 181°25 
Mesitine...cccsssssseseeee 0°81498 107 14 186°26 

Carbonate of iron ...... 0°81962 107 0 188°50 
Carbon. of manganese 0°82182 106 51 202°29 
Dolomite, ...<..26s500e000., 0°83312 106 15 202°36 
Calcareous spar......+.. 0°85440 105 15 231°20 

We wish to establish a connexion between the length of the 

axis a) and the atomic volume of a body; for this purpose it 

is natural to assume the atomic volume as the volume or the 
cubic capacity of its fundamental form. Accordingly, in the 
group now considered, the atomic volume (V) must be pro- 
portional to the length of the axis a; hence we have 

a=yV. 

But another number is found for y in every body, and the 
cause of this is obvious. It is supposed in this formula, that 
the filling up of the space in the rhombohedral crystals is 
equal on all sides; but it is known by the optical characters 
of these crystals that this is not the case. In order to dis- 
cover a relation between a and V, let us suppose 

a? =yV. 

We seek x and y according to the method of the least 
squares from the estimations of a and V of the seven different 
substances, and we find 

a= 4739  y = 00020417. 
The relation between a and V is therefore 

a*739 — 00020417 V. 

This formula coincides very exactly with the observations. 
And as the greater part of the substances in their natural con- 
dition are ‘accompanied by impurities, the formula may be 

ee 
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employed to calculate their specific weight from their crystal- 
line form. If we suppose that the axes of the bodies already 
examined are’ given, we deduce the atomic volume, and from 
it the specific gravity. 

Atomic volume. Spec. gravity. 
Carbonate of zinc......+. 177°37 4°3956 
Carbonate of magnesia... 18218 2°9355 
Mesitine ois scseverseceess! T8575 33658 
Carbonate of iron......... 190°41 3°7585 
Carbonate of manganese 195:26 3°7377 
Dolomite wi.i% esedieses “2LO88 2°7755 
Calcareous spar ce. 232°36 2°7220 

From the differences occurring between the specific weight 
observed and calculated, we can conclude whether the sub- 
stances found in their natural condition are rendered impure 
by substances specifically heavier or lighter; but with those 
minerals which occur in a state of purity, the specific gravities 
ascertained by observation and calculation approximate very 
closely. In the case of dolomite the specific weight obtained 
by experiment is always greater than it is found to be by cal- 
culation; but analysis shows that it is always rendered impure 
by the oxides of iron and manganese. The carbonate of 
manganese is, on the other hand, less than the calculated re- 
sult, but it is always mixed with carbonate of lime. 

From what has now been brought forward, it must be evi- 
dent that an increase of atomic volume is dependent upon an 
increase of the axis a. The application of heat to one of these 
crystals must decrease its density, and the axis a must be en- 
larged, whilst the angle R will be rendered less obtuse. 

This has long since been discovered by Mitscherlich. This 
chemist has accurately determined the diminution of density 
on the application of heat to calcareous spar. He found that 
by a heat of 100° C. (180° I’.) its specific gravity was decreased 
in the proportion of 1: +55+557- We find above the spe- 
cific weight of calcareous spar, when its axis a = 0°85440 
and its angle R = 105° 5’ is 2°7220. By heating it for 
100° C., therefore, it will be equal to 2°71675, or its atomic 
volume passes from 232°36 to 232°80. If we determine the 
length of the axis a by means of the formula already given, 
we find it = 0°85672, corresponding to an angle R of 104° 
57'22", According to this calculation the change in the angle 
R by 100° C = 7' 37", a result which coincides sufficiently 
with that found directly by Mitscherlich (8! 34), when we 
consider the difficulties which necessarily accompany the di- 
rect measurement of the dilatation and change of the angles, 
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XLIV. Further Remarks on some of the Circumstances under 
which Steam developes Electricity. By Dr. Cuan zs 
ScHAFHAEUTL*. 

BY repeating the experiments described in the February 
Number of the Philosophical Magazine, p. 95, of holding 

the glass bell against the jet of wet steam, it frequently happened 
that the water dropping down from the edges of the bell flowed 
in a continuous stream, and served as a conductor for the elec- 
tricity developed within it. 

In order to obviate this, I substituted for the short me- 
tallic jet (the opening of which must never be smaller than 
one- sixteenth of an inch in diameter) a flexible leaden tube about 
ten inches long, with its upper end bent downwards at an 
angle of about 80°. Now in consequence of this arrangement 
I was enabled to place the glass bell, with its mouth upwards, 
simply upon a small ring on the table under the opening of 
the jet, and the bell served not only as a receiver for the 
steam, but likewise for the separating water. 

By this arrangement an objection is removed, which might 
have arisen in respect to my former experiments, viz. Whether 
the observed electricity did not arise from the friction of the 
escaping minutely divided water during its striking against the 
glass bell? 

Now in this experiment the development of electricity is 
the same, whether the issuing steam jet strikes against the 
glass, or touches only the surface of the water, which is col- 
lecting in it during repeated experiments ; neither the distance 
of the mouth of the jet from the glass or the water surface made 
the slightest difference in the quantity of the liberated elec- 
tricity, a proof not only that the cause of the electricity is not 
to be ascribed to friction, but likewise that a sheet of water 
exerts the same condensing power in respect to wet steam as 
the solid glass, 

The fact already mentioned, that the inside of the glass 
bell, when discharged, begins slightly, and often repeatedly, to 
recharge itself again after the steam has ceased to flow, excludes 
all possibility of explaining the phenomenon by means of 
friction, but the electricity observed in this way might be 
ascribed possibly simply to evaporation still going on in the 
bell in some degree after the steam has been stopped. I there- 
fore frequently poured boiling water into the glass bell, and 
brought it into connexion with the electroscope; but neither 
the water nor the steam ascending in clouds from the surface 

* Communicated by the Author, 
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of the water showed the slightest traces of electricity. It ap- 
pears, therefore, that steam, the caloric of which is derived 
from the water from which it separates, developes no electricity. 

The temperature, for example, of the laboratory during one 
experiment was 45° Fahr. The temperature of the issuing 
wet steam at a distance of one-eighth of an inch from the mouth 
of the jet was 150°; at three inches further the temperature 
of the steam sunk to 120°; in the bell itself it was 110°; and 
the collected and condensed water in the bell measured 100°, 
the steam escaping from this water showing only between 
60° and 70°. 

The temperature of the steam and the water in the boiler 
was under a pressure of thirty-two inches, of course about 
253°. After opening the stop-cock, the water released par- 
tially from its pressure was converted, till the stop-cock was 
shut again at a pressure of about twenty-three inches, 62°3 of 
its bulk further into steam, converting the mass of water into 
an agglomeration of air-bubbles*, which, mixed with the steam 
of the upper part of the boiler, escaped through the metallic 
tube. During its expansion in the air the free caloric of the 
steam became latent, which was immediately replaced by the 
free caloric of the minutely divided water, mixed with the steam, 
so that the temperature of this jet of steam must be of course, 
notwithstanding its expansion, far higher than that of pure 
steam escaping under an equal pressure; and this higher 
degree of heat retained in wet steam, may be one cause of its 
retaining the admixed water in a state in which it is easily and 
at once separable by striking against a resisting or condensing 
medium, as glass, water, or even air, at which moment electri- 
city begins to become developed. 

The steam separating afterwards from the condensed water, 
has at the same time its own quantity of caloric derived from 
the heat of the boiler; and instead of having it absorbed from 
the hot water, which must be the case when boiling water is 
poured into the glass bell, it has rather a tendency to impart 
some of its caloric to the water. 

The greatest difficulty is to explain in which state or form 
the water exists mixed with the issuing steam; whether it is 
suspended in it as minute solid water globules, or as minute 
hollow ones, as Saussure considered them to exist in clouds, 
perhaps similar to a soap bubble? Iam _ inclined to adopt 
Saussure’s opinion, particularly as all liquids when agitated 
with gases assume finally a form resembling bubbles filled 
with gas. When water-gas is viewed through a microscope 

* A similar effect may be witnessed daily when the cork of a soda-water 
bottle is drawn. 
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the minute vesicles may be very easily distinguished from 
water globules passing at the same time through the field of 
the microscope, the former disappearing when coming in con- 
tact with each other, the latter uniting in one larger globule. 

M. Fresnel considered the theory of Saussure as inadmis- 
sible, because the air surrounding the small vesicles must be 
in a state near saturation, and therefore he thought it was 
scarcely possible that the envelope of these little globules could 
be of an equal or lesser density than the air in which the clouds 
are suspended. Further, he considered the swiftness of their 
movement entirely irreconcilable with their vesicular state, 
as the friction caused by such movement through the air would 
soon set them at rest. Finally, he explains, as the air in the 
vesicles must be in a state of condensation, as it has to resist 
the tendency of the water molecules to unite themselves in 
a drop, the globule would finally disappear, as a soap bub- 
ble will swiftly diminish and disappear when the tube on which 
it is suspended is removed from the mouth. But this latter 
case only takes place when the film forming the soap bubble 
is very thick, viz. in the beginning of its formation, and can 
possibly only occur when the bubble is joined to a ¢ube, which 
with the vesicles in the cloud is certainly never the case; 
but when the bubble is once formed, every child knows that 
it will stand till evaporation or concussion causes it to burst. 

The rapid movement of the small vesicles of water is for 
the greatest part attributable to currents of air; and as there- 
fore their velocity is equal to that of the molecules of the airy 
no possible friction and loss of velocity can arise from this 
circumstance. 

In further considering the equilibrium of the cloud, we 
must not only bear in mind the single vesicles as such, but 
the single vesicle surrounded of course by an atmosphere of 
air and water-gas united to one substantial body, viz. the 
cloud, and forming itself by exerting forces within, as molecules 
of water when at liberty form and arrange themselves into a 
shape where their mutual attractive forces are in a state of 
perfect equilibrium. Besides, the surrounding air, as long as 
the cloud swims in it, can only be ina state of saturation on 
one part and in contact with the cloud. When the entire 
air between the earth and the clouds is near saturation, the 
clouds begin to decompose and discharge water. 

Fresnel assumes that clouds consist of minute solid globules 
of water, and as the air, in their intervals and therefore in 
contact with the globules, is easier to be heated by radiation 
than air not in contact with solid or liquid bodies, he ex- 
plains, that this air between the water globules is of a much 
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higher temperature than the surrounding air, and that this 
heated and rarefied air, together with the water globules, con- 
stitutes a body of equal or less density than an equal mass of 
the surrounding air. But if we take into consideration the 
slight expansion of gaseous bodies for every degree of the 
thermometer, and compare the very great difference in den- 
sity between air and water, and therefore the mass of heat 
required to keep only a small quantity of water in suspension 
for such a considerable time; further, if we ask, why by 
such an elevation of the temperature of the air in contact with 
the water globules the capacity for saturation of this air may 
not increase with the temperature, and the minute water glo- 
bules be not converted into water gas again ;—all these cir- 
cumstances present difficulties almost insurmountable in 
adopting this theory. 
M. Saigey finally declares, that the equilibrium of the clouds 

is only apparent; that the minute globules of water in the cloud 
were indeed constantly falling, but immediately as they left 
the cloud were again converted into water-gas by touching 
the surrounding non-saturated air, which rising and cooled 
down again, restored again its water to the cloud, so that all 
these clouds were constantly losing water on one and re- 
ceiving it on the other side. This explanation can only be 
correct under certain circumstances, that is when the cloud 
is near its decomposition. The sharp definite outlines and the 
circumscribed forms of the clouds swimming in a clear and dry 
sky, prove that they are not further connected with the cause 
of their origin; besides, their swimming so long in the air un- 
altered in form during very widely different degrees of tem- 
perature, and their movement often in different directions 
coming in contact with each other, and separating again un- 
altered in shape, all proves too well their substantiality, or 
rather their zndividuality. 

XLV. A Suggestion relative to Barrett’s Method of computing 
the Values of Life Contingencies. By A. Dr Morean, Esq. 
Professor of Mathematics in University College*. 

HE method of calculating the value of life contingencies, 
which is called after Mr. Barrett, its inventor, has been 

rapidly coming into use of late years, and is well known by 
those who are used to it, to save much the greater part of the 
time and labour required by the common methods. The use 
of this method will be much extended by the copious tables 
published by Mr. Jones in the “ Library of Useful Know- 

* Communicated by the Author, 



Method of computing the Values of Life Contingencies. 269 

ledge,” where, for the first time, we see tables for the problems 
which involve two lives. 

An improvement in the method of calculating tables for 
two lives has suggested itself to me, which I have no doubt 
will be adopted as soon as proposed, and will be carried into 
effect in future tables. 

If a, be the number living at the age m, and v the value 

of 17. due in a year, the construction of Barrett’s tables (in 
the improved form suggested by Mr. Griffith Davies) is as 
follows :— 

me 
D a N= Me 4 Dive ++ ccvoce 

nm 

with other results, not here necessary to be specified. When 
we come to construct tables for two lives it is necessary that 
the column answering to D,,, say D.,, ,, should be of the form 

? 

Om Sy 2", where / is a function of m and n, which increases 

by a unit when m and 7 are both increased bya unit. In 
Mr. Jones’s tables, # is the greater of the two, m and n; I 
propose that it should be the half sum of the two, thus: 

—7.4,0°" ae ans OPA I,n+1 ara oak st 

In problems in which the order of survivorship does not 
enter, I do not see any particular advantage in this change; 
but in all such problems there is a decided and obvious gain. 
At present two formulze must be used, accordingly as the life 
which is to survive the other is elder or younger of the two; 
while with tables calculated in the manner proposed by me, 
one only would be necessary. And even supposing that no 
new tables were calculated, it would still be better to teach the 
method in the manner I propose, while two very simple 
transformations would reduce any result to those which the 
present tables require. 

For example, the present value of 1/. payable on the de- 
cease of a life aged y, on condition that a life aged xis then 
subsisting, according to the method I propose, is in all cases 

N v— 1 ae + (N N )vv r—l,y—1 ry-l "@-ly 

vy 

To conyert this into the common method (if it can yet be 
called common, as far as ¢wo lives are concerned) the rule is, 

1 
° a(t—y) yo Seng by v or 

A(y— . . 
gY—*), according as w or y is the greater. If then #—1 be 

divide every term of the form N_, 
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greater than, or equal to y, the preceding result, so treated 
and reduced, becomes 

CNS aegeet <7 Ngee e ee As 

ry 

while if y —1 be greater than, or equal to a, it becomes 

Re cog 4 {Rap SED A Ie: tie ai ee 

TY 

These results agree with those of Mr. Jones (p. 176), if in 
the formulz cited Ny be substituted for its equivalent 

Pe ha D4 If ever the time should arrive when 

tables of this sort are calculated for three lives, it should be 
by the formula 

pam +n +P) 
m,n, p Onn a, 

and soon. In such acase, the method now in use would 
become intolerable, from the large number of cases into 
which different orders of survivorship would require formule 
to be subdivided. 

XLVI. Note to a Paper “On certain points in the Undulatory 
Theory, &c.” in the last Number of the Philosophical Maga- 
zine. By the Rev. Baven Powe, M.A., F.B.S., §e., Sa- 
vilian Professor of Geometry, Oaford*. 

N referring to the establishment of the principle of a rela- 
tion between the symmetrical or unsymmetrical arrange- 

ment of the etherial molecules, and the rectilinear or elliptic 
nature of the vibrations, I was led at the suggestion of a 
friend to add a note (p. 161) while the paper was in the press, 
with respect to the share which M. Fresnel might be supposed 
to have in disclosing that principle. 

Having since looked more closely into the matter, I think 
it right to take this opportunity of stating the result. 

Fresnel devotes a section of his admirable Memoir on 

double refraction to the consideration pf the mechanical 

theory of setherial vibrations. But this, though characterized 

y all the profound ability of the author, is discussed almost 
entirely in general terms, and the results are not connected 

with any mathematical development of equations of motion. 

* Communicated by the Author, 
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He has considered the conditions presented by different 

cases of elasticity of the xther within crystallized and uncry- 

stallized media, and, in particular, traces the consequences 

of a supposition of this kind in modifying the formula for 

waves so as to give rise to elliptic or circular polarization in 

rock crystal, and refers to a peculiar arrangement of the vi- 

brating molecules in that substance as influencing the right or 

left-handed direction of the rotation*. But I cannot find that 

he took up such an idea upon any more general grounds: in 

other words, I think he cannot be said to have shown generally 

a connexion between the arrangement of the molecules of 

gether in space,—the forms assumed by the differential equa- 

tions accordingly,—and the consequent rectilinear or elliptic 

character of the vibrations. I am still of opinion, therefore, 

that the credit of first establishing such a general relation is 
due entirely to Mr. Tovey. 

Oxford, March 10, 1841. 

XLVII. Report on the Memoir on Electric Currents in Warm- 

blooded Animals, by Prof. Zantedeschi and Dr. Favio, pre- 

sented to the Royal Academy of Sciences and Belles Lettres 

of Brussels, on the 4th of April, 1840. By M. Canrrarne{. 

HE memoir which is addressed to us relates to electro- 

physiological doctrines, and the object of the experiments 

which these gentlemen have made, is to ascertain whether 

electric currents exist in warm-blooded animals; to endeavour 

to find their connexion with life; their intensity, their di- 

rection, their number, and in what way they may be disco- 

vered. Electricity, whether considered as the cause of the 

phzenomena of life, or as the special and intimate effect of life, 

is in some measure a new subject: few persons have attended 

to it; the difficulties also which surround such researches are 

numerous, and we must acknowledge with the authors, that 

in this case the concurrence of natural philosophy and the 

medical sciences is indispensable, as much on account of the 

apparatus which should be used, as for the perspicacity ne- 

cessary to penetrate into the mysteries of the vital organism. 

These gentlemen set out with the principle enunciated by 

Pucinotti and Pacinotti, the learned Professors of Pisa, which 

is based upon the experiments and the observations also made 

by those Professors. It maintains that in leving animals there 

exists an electro-vital or neuro-electric current, the character of 

* Meém. Instit., vii. p. 74. 
+ From the Bulletin de ! Academie Royale des Sciences et Belles Lettres 

of Brussels, 1840, No. 8. p. 43; Séance du 1° Aout, 
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which is that it is the effect of a vital reaction, whether anatomical 
or voluntary, and that itis, if not the cause of life, at least that 
immediate and special effect which life alone can produce and 
maintain; that this current may be discovered (sondé) and ob- 
tained in a manner more or less evident, according to the nature 
of the metals and the form of the instruments; that it proceeds 
in the direction of from nerve to muscle; that it zs intimately 
connected with the energy and with the physiological changes of 
life; that it has nothing in common with the electro-chemical 
and thermo-electrical currents; that the convulsive movements 
of animals augment it, whilst, on the contrary, pain weakens tt ; 
that the same difference exists with it as between animal life 
and organic life, following thus, in the first case, the phases of 
animal life and dying with it; and in the second case, still ex- 
isting so long as organic life can endure, although animal life 
has ceased. The current which is obtained from organic life 
was named by the Professors of the University of Pisa, the 
cardiac current. 

From this corollary, we might be led to see in this electro- 
physiological doctrine much analogy with that of the electro- 
vitalists. he difference, however, is very great ; the authors 
of this memoir, recognizing the vital force as a primitive force, 
by which matter, cbeying the common laws of nature by its 
intrinsic virtue, changes into animated matter. 

The authors having proved that the force of the neuro-elec- 
tric current depends upon the nature of the metals which are 
employed, made use of iron, then of silver instruments; they 
propose however trying those of platina. The results which 
they give are obtained then with iron and silver instru- 
ments. 

The apparatus necessary for the experiment consists of a 
galvanometer,—of two metallic stylets, which are also called 
sounds or réophores (whether they are of iron, of silver or of 
platina), soldered metallically to the two extremities of the con- 
ducting wire of the galvanometer,—and of a living animal. 

The galvanometer is placed in an isolated spot and far from 
anything composed of metal, particularly of iron; it is fixed 
where it neither undergoes jogs or shocks. At a little di- 
stance from this galvanometer should be a kind of small coffer 
rather shallow, made entirely of wood and without an atom 
of iron; a living animal is slightly fastened in this coffer, 
which is brought into the circuit of the galvanometer in the 
following manner :— 

One of the metallic stylets which were just mentioned, and 
which should be furnished with an insulating handle, is sud- 
denly plunged (plongé) into some part of the living animal, 
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whilst into another part of the same animal is plunged (en- 
Joncé) another stylet formed like the preceding one, and like 
it furnished with an insulating handle. It is understood that 
by means of the interposition of the animal, the circuit of the 
galvanometer is thus complete. 

At the moment when the two stylets are plunged (enfoncé) 
into the two parts of the animal, there is disengaged from the 
torrent of animal life, by the effect of a vital reaction, an elec- 
tric current, which, diverted from its natural conductors by the 
presence of the metallic body which is plunged into the or- 
ganic substance, directs itself along the stylets and the wire 
conductors which are soldered to them, so as to complete the 
circuit by the same wires and in the animal parts which are 
interposed: thus in this circuit the current having*to pass 
over the multiplicator of the galvanometer, the deviations 
which take place in the magnetic needle of this instrument 
indicate its intensity and direction. 

This is the explanation which the authors have thought 
proper to give as well of the operation as of the very simple 
apparatus which serves for it. ‘This, however, is not all which 
should concur to ensure the result of the experiments; there 
are still some circumstances which exert a great influence 
upon it, such as the perfection of the galvanometer, the na- 
ture of the metal of which the instruments are made, the ho- 
mogeneity of the stylets, every intervention of chemical sub- 
stances, the nature of the season, the state of the atmosphere, 
the painful preparations of the animal, its organic develop- 
ment as well as its age, and lastly, its greater or less degree of 
sensibility, &c.; conditions which might appear too nume- 
rous to allow us to hope anything from similar researches, if 
the results already obtained did not show the contrary. 

The authors, considering the existence of electric cur- 
rents in warm-blooded animals as sufficiently proved, ask if 
they should call them vital, and supposing that this name 
should be given them, what should be understood by vital 
current? They adopt the whole definition which MM. Puci- 
notti and Pacinotti have given of it, and which I quoted above; 
they also adopt for the time being the denomination of electro- 
vital current. 

Besides this electro-vital current, they have verified in the 
same animals two other currents which had been mentioned 
by the Professors of Pisa; the one is the common electro-chemi- 
cal current; the second the thermo-electric. The first is di- 
vided into the common electro-chemical current, properly so 
called, and the vital electro-chemical current; this is the cur- 
rent which is supposed to proceed from the intimate chemism 

Phil. Mag. S. 3. Vol. 18, No. 117, April 1841. ¢ 
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(chimisme) of the organic and animal life which resides in the 
substance of the organs and tissues. 

In order to distinguish these currents, they apprise us that 
we should not take as the electro-chemical current in relation 
with life, that which is obtained by sounding (sondant\ the dif- 
ferent products and the different secretions of the organs; such 
a current is named the common electro-chemical, whilst the vi- 
tal electro-chemical current is that which is developed in the 
internal animal chemism, which is not subject to the common 
chemical laws; a current which they are not willing to sup- 
pose to be the cause of life, but which may be regarded as the 
special effect which life alone can produce. 
By this it is evident that the common electro-chemical cur- 

rent is obtained by simply placing the stylets in contact with 
the secretions, or with the surfaces of the organs moistened 
with heterogeneous products. 

The second, on the contrary, is only obtained by penetra- 
ting with stylets even into the intimate assemblage of the or- 
ganic tissues, and by exciting in them a strong reaction by 
means of this deep perturbation. 

Consequently, if we look upon this last current either as 
drawing its origin from the chemical and proper action of life 
on matter, or as the index and the measure of this active 
principle, agent of life, whether it be considered chemically 
in the first case, whether it be considered physiologically in 
the second, we must always conclude that the vital electro- 
chemical current either is the same thing as that which has 
been called neuro-electric, or electro-vital; or even if a differ- 
ence should exist between them, in the present state of phy- 
sical and physiological knowledge, we cannot point out with 
certainty any character which distinguishes them. 

The third kind of current arises from the different degree 
of temperature of the different parts of the animal which is 
subjected to the operation. It is for this reason that the name 
of thermo-electric current has been given to it. It is derived 
from nothing else but a disturbance of calorific equilibrium ; 
on this account it is reckoned amongst the phenomena of 
matter, and has no essential connexion with life. Besides, 
this current is, sc to say, null or of very small importance, 
since physicists have proved that the temperature of animals 
is nearly equal in every part of their system. 

The authors again inform us that the deviations of the 
needle of the galvanometer indicating the currents, were al- 
ways measured by them, reckoning from the first excursion 
which the needle makes at the moment when the second stylet 
is thrust in, that is to say, at the moment when the circuit is 
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completed, which being closed, the needle never returned to 
its first position, but, on the contrary, it always kept itself at 
a distance all the time that the experiment and the deviation 
lasted, according to a fixed or certain mark, sometimes of 
three, sometimes of four, of seven, and even of fifteen degrees. 
Twenty-seven experiments are described in this memoir: the 
authors sum up the results of them in five propositions, which 
are the following :— 

Prop. 1. In warm-blooded animals there is an electro-vital 
or neuro-electric current, which we will call external or cuta- 
neous, which is found in the cutaneous tissue, and directs itself 
constantly from the extremities to the cerebro-spinal axis by 
means of the galvanometer. The intensity of this current, ac- 
cording to the experiments which have been made, is generally 
greater with stylets of iron than with those of silver. 

Six experiments support this proposition. 
Prop. 2. In warm-blooded animals there is an electro-vital 

current, which goes from the cerebro-spinal axis to the internal 
organs situated beneath the skin; for this reason we will call 
tt electro-vital internal current. By means of the galvanometer 
we see that it is constantly directed from the cerebro-spinal axis 
to the other viscera, or, tf you will, from the nerve to the muscle. 
The intensity of the internal current 1s in general greater with 
the iron stylets than with those of silver. 

Eight experiments served to establish this proposition. 
Prop. 3. The electro-vital current in warm-blooded animals 

grows weaker in proportion as it comes less from life: death 
having taken place, it proceeds in an opposite direction to that 
in which it was directed during life. 

This proposition rests upon eight experiments. 
Prop. 4. Pain weakens or suspends the electro-vital current; 

it even changes the direction of it if it is very great. The vo- 
luntary or convulsive automatic movements give, on the contrary, 
a very strong current, which may be named discharge of current. 

A single experiment appeared sufficient to the authors to 
establish this proposition. 

Prop. 5. The electro-vital current either cannot be discovered 
or measured, or does not really exist in the different parts of 
the same viscus: it is very feeble, and perhaps it is even null 
Jrom viscus to viscus. 

Four experiments support this proposition. 
The experiments which have served to establish each of the 

five propositions are followed by summary annotations of the 
authors, Although they appear to me to be very interesting 
for one who is occupied in such researches, I did not think it 

T2 
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right to translate them, in order to avoid making the report 
as long as the memoir itself. 

Such are the conjectures which the authors have thought 
they might publish, and which new experiments will come to 
destroy or corroborate. They have described them without 
any sectarian spirit, and only as physiological hypotheses, 
which, if they are found not unworthy of mature examination, 
may serve as guides for new experiments. 

XLVIII. Notices of the Results of the Labours of Continental 
Chemists. By Messrs. W. Francis and H. Crort. 

{Continued from p. 212.] 

Black Substance from Sulphuric Acid and Alcohol. 

APuE natureof the peculiar black substance originating from 
- the action of sulphuric acid on alcohol was first pointed 

out by O. Z. Erdmann, who concluded from his experiments 
that it was composed of a substance nearly approaching the for- 

mula C°° H* O#S, and of an incombustible residue consisting 
of sulphatic salts. Subsequently, L. Lose, who had obtained 
this substance whilst preparing the iszethionic salts, was in- 
duced to examine it, and obtained somewhat different results, 

leading to the formula 27 C 21H 60S. The difference 
between these results and those of Prof. Erdmann, M. Lose 
attributes to a portion of the substance being subtracted as 
fixed salts, thus giving rise to a smaller amount of sulphur 
and a larger amount of carbon and hydrogen. Recently M. 
Erdmann has made known some new researches on this sub- 
ject; and since, as far as we are aware, no notice has appeared 
in England of the former inquiries, we shall make our pre- 
sent extract rather full. 

It was prepared in the first instance by heating six parts 
of fuming sulphuric acid, which left but a slight residue on 
evaporation, with one of alcohol of 0°83 sp. gr. in a retort 
till the evolved gas was no longer combustible; the residue 
then frequently treated with boiling water of ammonia, and at 
last washed with boiling water till the filtrated liquid no longer 
evinced the presence of sulphuric acid. Dried in pieces it has 
the appearance of coal, and is difficult to pulverize. On com- 
bustion it left behind a very small residuum, which dissolved 
easily in nitric acid, and gave a slight precipitate with the 
chloride of barium. The substance dried by exposure to the 
air gave off much water on being heated. Desiccation was 
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effected in vacuo at 130°-150° C. It does not decompose even 
at 170° C. Hess’s apparatus was employed for the analysis. 
The substance was placed in a weighed glass capsule of the 
form of a boat, this fixed in the tube between two coils of fine 
platinum wire to prevent its coming into contact with the 
oxide of copper, so that the weight of the incombustible re- 
sidue might be determined. Between the tube containing 
the chloride of calcium and the apparatus for the potassa, 
a tube with oxide of lead was inserted, but no sulphurous 
acid appeared to be formed. To determine the sulphuric acid 
the substance was burnt with a mixture of nitre and carbonate 
of soda. Mean of the experiments C 66:11, H 3°78, S 8°92, 
O 21:19. It was then prepared according to the method em- 
ployed by M. Lose, by passing alcoholic vapours into heated 
fuming sulphuric acid, and purified as above. ‘The product 
was similar, and likewise left an incombustible residue, which 
was determined in the same manner. ‘The analysis gave 
C 64°30, H 3°33, S 7°49, O 24°88. It was further prepared 
by boiling pure distilled sulphuric acid with alcohol; when 
the mass began to thicken from the formation of the coaly sub- 
stance, the experiment was interrupted and a portion was re- 
moved, and cleaned by boiling with ammonia and water; the 
second portion was so long exposed toa temperature of 180°C. 
till the evolved gas was no longer combustible, and appeared 
to consist solely of sulphurous and carbonic acids ; it was then 
washed and dried. Both products had the same appearance, 
and were subjected to analysis, the mean of which = C 65°58, 
H 4°55, S 8°38, O21°49. 

On treating the substances which had been employed in 
the preceding experiments with a solution of caustic potash, 
they all evolved such considerable quantities of ammonia that 
this could only be regarded as adhering mechanically to them. 
The treatment with potassa was continued at the boiling point 
till no smell of ammonia was perceptible, and the residues were 
then washed with boiling water. On combustion they now 
left considerable quantities of sulphate of potash, The black 
substance can therefore combine with bases, and the residue 
found by Erdmann in his previous analyses of the substance, 
which had been treated with potash to remove the sulphuric 
acid, was evidently sulphate of potash, Although the ana- 
lyses communicated were made with ammoniaferous products, 
and cannot consequently give the correct composition of 
the black acid, yet as they had all been treated in the same 
way with an excess of ammonia they should evince a coinci- 
dence did the black substances possess a constant composi- 
tion. But this is not the case. The products obtained by 
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boiling sulphuric acid with alcohol, appear to differ according 
to the duration of the action and temperature: thus one pro- 
duct washed solely with water gave 63:8 C, and 3:3 H; an- 
other gave 64°3 C, and 24 H. At last it was obtained from 
three preparations of the same composition, by boiling eight 
to ten parts concentrated sulphuric acid with one of absolute 
alcohol in a sand bath at 180° C. till the mixture had lost ail 
fluidity. ‘The mass was then washed with water till the fil- 
tered liquid gave no precipitate with chloride of barium. 
The free acid, which most reddens litmus paper, as well 
as the potash salt, were analysed. Acid = C 67°66, H 3°34, 
S665, O 22°35. Potash salt = C 59°78, H 2:91, S 5°70, 
O 20°26, Ka 11°35. Treatment with ammonia, acetate of 
lead, chloride of barium, gave no definite salts. Erdmann 
calls it thiomelanic acid, and observes that the coincidence 
between the found and calculated results gives to the formula 
advanced (C* H** S$? O”) a high degree of probability, but 
that no especial value can be placed in it, as, with the excep- 
tion of the agreement in composition of the substance from 
three different preparations, there is no surety for its purity. 
On employing a higher temperature than the one stated, and 
on heating the mass till it began to solidify, a product was 
obtained, the compesition of which was essentially different. 

For the sake of comparison the black substance was ex- 
amined, which is formed from the action of sulphuric acid on 
pyroxylic spirit, but the composition of the substance ob- 
tained proved to be very different from that of the thiome- 
lanic acid, viz. 67°14 C, 1°73 H, 1°40 S, 29°73 O. (Journal 
Sir praktische Chemie, vol. xv. p. 1.—Poggendorff’s Annalen, 
vol. xlvil. p. 619.) 

Action of Chlorine on Animal Substances. 

M. Mulder has continued his researches on the action of 
chlorine on animal substances. Albumen (from eggs) was 
mixed with water, filtered, and submitted to a current of 
chlorine; very shortly white flocks were formed, which gra- 
dually increased; the precipitate was put into a filter and 
edulcorated ; it appeared to be somewhat soluble in water. 
It was dried at 80°, at which water was driven off, and it 
shrunk together; became white with a trace of yellow; it was 

then dried at 100°C. FormulaC* H® N’O®, Cl. The same 

compound was obtained by the action of chlorine on ammo- 
niacal solutions of casein and fibrin. Mulder calls it protein- 
chlorous acid. ‘The fluid from which this new substance has 
been separated contains hydrochloric and chlorous acids ; 
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hence water must have been decomposed ; the chlorous acid 
produced combined direct with the protein. The fluid 
contains a little of a brown matter, probably humin, but 
in very small quantity. Proteinchlorous acid is straw-yel- 
low, has a greasy feel, like proteinsulphuric acid, insoluble 
in alcohol and zether, almost so in water; soluble in, without 
colouring, strong sulphuric acid; by water white flocks are 
precipitated. Nitric acid dissolves it at ordinary tempera- 
tures in the course of some days and forms xanthoproteinic 
acid. Soluble in cold hydrochloric acid; does not form 
humin as protein does. Soluble in baryta water; the solu- 
tion gives precipitates with nitrate of copper and zinc. Solu- 
ble in ammonia, with evolution of nitrogen ; when evaporated 
leaves a residue soluble in hot water; from this solution al- 
cohol precipitates a new organic matter, which is soluble in 
cold water; it must be washed with alcohol and dried at 130°; 
it is called oxyprotein. It is a yellow powder, and, although 
often treated with boiling alcohol, generally contains a little 
chlorine. Formula C* H®™ N'? 0%, Oxyprotein is easily 
pulverizable; of an amber-yellow colour; heavier than water ; 
soluble therein; almost insoluble in alcohol, quite so in zther ; 
soluble in hot sulphuric and hydrochloric acids; changed by 
nitric acid into xanthoproteinic acid ; soluble in potash, soda, 
ammonia and baryta water, and the solutions give no precipi- 
tate with ferrocyanuret of potassium; sulphuric acid gives a 
white one, soluble in the heated solution. Solution of galls 
gives a precipitate: nitrate of silver,acetate of lead and copper, 
and chloride of iron are precipitated by it. The copper salt is 
Ce H's N* O+1, Cu O, probably (C# Hs? N10 Os, Cu O) 
+ (C*?H® Nw Ow + H?O). Proteinchlorous acid forms a 
peculiar salt with baryta: the precipitates produced in me- 
tallic solutions by this salt have been analysed, but their com- 
position is as yet doubtful. Mulder calls them chloroxy- 
proteates. (Annalen der Chemie und Pharmacie, xxxvi. p. 68.) 

When hematin is treated with chlorine it becomes white; 
all iron is extracted and remains in the solution with hydro- 
chloric acid and a little organic matter. 

The white flocks, when dried at 100°, still smell of chlo- 
rous acid, their formula is C** H+# Né O*% Cl2=C# H Ns Os 
+ 6 (Cl? O2), or one atom of hzematin and six of chlorous acid. 
The new compound is light yellow, insoluble in water, so- 

luble in alcohol and ether. Dissolved by strong sulphuric 
acid, decomposed by heating, and sulphurous acid is evolved. 
Soluble in ammonia with evolution of nitrogen; soluble in 
potash and soda with reddish colour. 

Xanthoproteinic acid is prepared by acting on several pro- 
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tein compounds with nitric acid; the dried product must be 
often treated with water and boiling alcohol. It was dis- 
solved in ammonia, evaporated, dissolved again in water, and. 
the solution treated with chlorine: the red colour gradually 
disappeared, and a whitish or yellowish flocculent precipi- 
tate was produced, which when washed and dried at 100° is 

lemon-yellow coloured. Formula C%* H'® N's Ox Cl, or 

2 (C** H#® N'O + H?O) + Cl? Os. Heated above 100° it 
loses water and some chlorous acid. With ammonia it 
evolves nitrogen; if the fluid be evaporated and the sal-am- 
moniac extraeted with alcohol, the yellow acid remains. 
When xanthoproteinate of ammonia is heated to 140° the 

ammonia is driven off, and the hydrated acid remains. For- 
mula,©* 1° N3.03.— C%* HN? O! 4. FO, 

Action of Potash and Soda on Indigo—Anilin. 

M. Fritzsche has found, that when finely-powdered in- 
digo is thrown into a hot and very concentrated solution of 
caustic potassa or soda contained in a retort, the blue colour 
is destroyed and a reddish-brown mass produced, containing 
a peculiar acid; when this is still further heated, a vola- 
tile body is given off, which condenses in the neck of the 
retort into oily drops, and ammoniacal water distills over. 
By re-distillation this oil may be obtained colourless; its 
quantity is about 18 or 20 per cent. of the employed indigo; 
he calls it anzlin. Specific gravity 1:028; refracts light pow- 
erfully, and has a strong aromatic but at the same time dis- 
agreeable smell ; is but little soluble in water; mixes in all pro- 
portions with alcohol and ether. Exposed to air anilin be- 
comes yellow, and at length is metamorphosed into a resin. 
Boils at 228°C. It dissolves sulphur. Anilin contains no 
oxygen; its formula is C'? H'*N*. Atomic weight 1181°6. 
It forms salts with acids; with the oxyacids it combines and 
takes up one atom of water; with the hydracids it unites di- 
rectly; in this respect it is similar to ammonia. Oxalate of 
anilin is formed when alcoholic solutions of anilin and of ox- 
alic acid are mixed together; it is a white powder, which is to 
be washed with alcohol, and then dissolved in hot water, from 
which it separates on cooling in long crystals. Formula C'® 
H'™ N? + C2 Os + H? O. (Annalen der Chemie und Phar- 
MACle, XXXVi. p. 84.) 

Hydrochlorate of anilin is obtained by mixing anilin with 
hydrochloric acid and re-crystallization of the salt, which is 
easily soluble in water, C'? H'* N? + Cl? H®. 

Other salts have been formed but not examined; the ac- 
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tion of iodine and nitric acid seems to be very interesting, but 
has been as yet so superficially examined, that it is of no use 
making any extract. In a note to the above treatise, Prof. 
Erdmann states it to be very probable that anilin is nothing 
more than Unverdorben’s krystallin.* 

Palmitic Acid from Palm Oil. 
By saponifying palm-oil with potassa, Fremy obtained two 

acids, one of which he calls palmitic acid; it is volatile: by 
the distillation a very small quantity of oil is produced, 
from which it may be freed by means of alcohol. 

The composition of the free hydrated acid is C** H'* O*, 
Hi: O%; in the salts, however, it is C** H!**O% The distilled 
acid has the same composition. ‘The ammonia salt is insolu- 
ble in water, and has the formula C* H'*O°, N?:H°O+ H2O. 

The ether is obtained by acting on alcohol with sulphuric 
and palmitic acids; it is solid, melts at 21° C., crystallizes in 
prisms. Formula C% H'** O° + 2 (C+ H'°QO); the acid is 
therefore bibasic. By the action of chlorine on palmitic acid 
a mixture of several products is obtained, which it is al- 
most impossible to separate: one of them has the formula 
C= Hs Cl's O%, H+ O% (Annalen der Chemie und Pharmacie, 
XXXVI. p. 44.)+ 

Oils of Cascarilla and Caraway. 
M. Veelckel has examined cascarilla and cumin or caraway 

oils. The impure cascarilla oil is deep yellow; specific gra- 
vity 0:909 ; boils at 180° C. By distillation with water seemed 
to be separated into two oils, which, however, could not be 
perfectly isolated. The oil which first passed over was co- 
lourless, highly refractive, specific gravity 0°862; boiled at 
173° C.: composed of carbon 86926, hydrogen 10°487, oxygen 
2°587. The portions which passed over afterwards were a 
little thicker, somewhat yellowish, and of a less agreeable 
odour. Composition, carbon 82:021, hydrogen 10:267, oxy- 
gen 7°712. (Annalen der Pharmacie, xxxv.) 

Oil of caraway may be separated by distillation into se- 
veral different oils; the first two portions boil at193° to195°C., 
the third at 213°, the fourth at 228°. The smell was almost 
the same in all. 

C. 86°099 ... 85°204 ... 82°126 ... 78°603 

ets T4090." - 42. - LO*SE7 ase 9°827 oe 9°217 
O. F811 a 4279 aes 8047 ..- -12°180 

Caraway oil absorbs hydrochloric acid gas, but is separated 
again by distillation with water. 

* Some further particulars relating to Ani/in will be found in our Jntel- 
ligence and Miscellaneous Articles —Envrv. 

+ See Mr. Stenhouse’s paper on the constituents of Palm-oil, in our 
last Number, p. 186.—Enrr, 
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Caraway Oil—Aithereal Oils. 

MM. Gerhardt and Cahours have made some experiments 
on ethereal oils. Roman caraway oil (essence de cumin) 
consists of two oils; one is a hydro-carbon, and boils at 165° 
C.; the other consists of carbon, hydrogen and oxygen, and is 
similar to hydro-benzoyl; they call the hypothetical radical 
cumyl. 

Hydro-cumyl ..........00.. = C* H® O? + H? 
Cuminic acid ...........066. = Co H® O24 0 
Chloride of cumy]l......... = C2 H® O2 + Cl: 
Bromide of cumy] ......... = C H* O*? + Br? 
Hydrated cuminic acid ... = C*? H® O° + 0+ H:0. 

Hydro-cumyl is a colourless or slightly yellow-coloured 
liquid of strong odour, is changed by slow distillation, except 
when the operation is performed in an atmosphere of car- 
bonic acid. By the absorption of oxygen is converted into 
cuminic acid; the metamorphosis takes place more rapidly 
when it is treated with caustic alkali, in which case hydrogen 
is evolved. Cuminic acid is colourless, crystallizes in pris- 
matic needles, scarcely soluble in water, easily in alcohol, 
may be sublimed, and has an acid burning taste. Hydro- 
cumyl! treated with sulphuric acid and chromate of potash 
also forms cuminic acid. Hydrated cuminic acid distilled 
with four parts of caustic baryta gives an aromatic colourless 
liquid, which boils at 144° C.; its formula is C's H™; may be 
called cumen*; with fuming sulphuric acid forms cumensul- 
phuric acid, which gives a crystallizable salt with baryta. 
With nitric acid forms nitrocumid, like nitrobenzid. (Anna- 
len der Pharmacie, xxxv.) t 

Potatoe-Spirit Oil—Oil of Anise—Oil of Fennel. 

M. Cahours has examined some other oils. Potatoc-spirit 
oil is converted by perchloride of phosphorus into a fluid, 
which boils at 102°, and has the formula C!° H* Cle; it is the 
chloride of amyl. Acetate of amilen is decomposed by chlo- 
rine (in the shade), it is changed into C'° H's ChO+ Ct H°O'; 
in sunshine a crystalline substance is formed. Potatoe oil is 
converted by the action of air and spongy platinum into va- 
lerianic acid. (Annalen der Pharmacie, xxxv.) 

Oil of anise-—The solid oil has the formula C* H** O:, 
The specific gravity of the vapour is 5°68; with chlorine 
forms a fluid compound, C*? He Cl’ O2, with bromine a cry- 
stalline one, C2? H** Bré Ox. With dilute nitric acid of 20° B 

* May not Cumen be identical with Mesitylené¢? Their boiling points 
differ very little —276° and 287°,—and their composition is the same.— 

t See also our Intelligence and Miscellaneous Articles,—Ev1t. 

Da 
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forms an acid whose formula is C'° H'* O*; the silver salt is 
C°’H"O® + AgO. With concentrated nitric acid the ani- 
sonitric acid is formed, C!® H'?O®(N?0O*); its silver salt, 
C’ H» Os (N? Ot) + AgO. [I may here remark that these 
two acids were prepared independently, in the beginning of 
last summer, by Dr. Weltzien, in Prof. Mitscherlich’s labora- 
tory: we may probably in a short time expect a better ac- 
count of them than the above.—H. C.] 

Anise oil gives with hydrated sulphuric acid a crystalline 
compound, with fuming sulphuric acid a peculiar acid, whose 
baryta salt is soluble. 

Oil of fennel consists of two oils; the solid oil has the same 
formula as the solid oil of anise; the fluid oil has the formula 
of oil of turpentine: the latter combines with binoxide of 
nitrogen and forms a crystalline compound, C H* N*O#. 

Oil of Bergamot. 

Oil of bergamot (from the fruit of Citrus bergamia) has 
been examined by MM. Soubeiran and Capitaine. ‘The oil 
was distilled with water and dried with chloride of calcium; 
its specific gravity was 0°869; it refracted the polarized ray 
25°. It was again distilled with water and the product col- 
lected in four portions: the first refracted 45°, the second 
38°, the third 21°, and the fourth not at all. Oil of berga- 
mot must therefore consist of at least two oils. Ohm found 
that oil of bergamot contained 7:098 per cent. oxygen; and 
he considers it as a hydrate of lemon oil, 3 (C!? H'®) + 2 H2O; 
according to MM. Soubeiran and Capitaine, the fractionated 
portions have different compositions ; the oxygen varies from 
3°37 to 1614. By the action of anhydrous phosphoric acid 
an oil is obtained which has the same composition as citron 
and lemon oil: this body combines with hydrochloric acid 

as. The camphor appears to have the usual formula. By 
the action of the phosphoric acid on the impure oil a peculiar 
acid is produced (acide phospho-bergamique), which forms 
soluble salts with lime and oxide of lead. (Annalen der Phar- 
macie, XXXVI.) 

Crystallized Substance in Guarana. 
MM. Martius, Berthemot and Deschastelus have ex- 

amined the crystallized substance contained in “ guarana;” 
the nature of guarana was for a long time doubtful, until 
Martius showed that it was a paste made of the fruit of a 
tree—Paullinia sorbilis, Mart. The guaranin is contained 
in it in combination with tannic acid, and it appears that the 
so-called guaranin is identical with caffein. As it has al- 
ready been shown that thein is also identical with caffein, we 
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have now three families in which it is found, viz. Rubiaceze, 
Theaceze and Sapindaceze. (Annalen der Chemie und Phar- 
macié, XXXVi. p. 90.) 

Action of Chlorine on Marsh Gas. 
By the action of chlorine on natural marsh gas, M. Mel- 

sens has obtained the chloride of carbon, C? Cl*; hence marsh 
gas and the gas obtained from the acetates are perfectly 
identical. 

Magnus’s and Gros’s Salts of Platinum. 

If protochloride of platinum or Magnus’s salt, Pt Cl:, N? Hs, 
be boiled with ammonia, the green compound is dissolved, 
and the evaporated fluid deposits acicular crystals; these are 
soluble in water and ammonia, precipitated by addition of 
alcohol; when heated evolves sal-ammoniac, and at last free 
hydrochloric acid; the residue is metallic platinum ; by long 
boiling with potassa ammonia is also evolved. M. Reiset 
finds the formula Pt Cl’, N¢ H'?, consequently it is the radi- 
cal in the salts of M. Gros. These salts have the general for- 
mula Pt Cl, Nt Ht? + O+ A. When Reiset’s salt is treated 
with nitric acid red vapours are evolved, and Gros’s nitric 
salt is formed. When the aqueous solution of Pt Cle, N* H 
is treated with chlorine, 'Gros’s chlorine salt is produced, viz. 
Pt Cl2 Nt He Cl% = (Annalen der Chemie und Pharmacie, 
KEV: Pp. as) 

Gros’s Platina Salts. 

In the 19th Arsberattelse, p. 261, when speaking of Gros’s 
platina salts, Berzelius protests against the introduction of so 
many improved theories, and says that a much simpler for- 
mula for these salts would be Pt Cl + (2 N H® + Cl), if in- 

deed this latter compound had been prepared in a separate 

state. Hemoreover says,—If the formula N HS + Pt Cl NH? 

does not explain why the salt is not precipitated by chloride 
of barium or nitrate of baryta, is the pheenomenon any better 
explained, when we throw ammonia, water, chloride of pla- 
tinum and amidogen together into one base? Hydrochloric 
and nitric acids also have an affinity for this base, and there- 
fore the sulphate compound ought to be decomposed by the 
baryta salts, &c. * 

Prussian Blue, 

Leopold Gmelin has remarked, that the Prussian blue ob- 

tained from a protosalt of iron by means of the ferrosesqui- 

* See Dr. Kane’s paper “ On a New Class of Platina Salts,” in the present 
Number.—Enrr. 
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cyanuret of potassium cannot have the same composition as 
that obtained from a sesquioxide‘or persalt, and the ferrocya- 
nuret ; the former must contain three atoms of protocyanuret 
of iron and one atom of sesquicyanuret, while the common blue 
contains two atoms of sesquicyanuret of iron. M. Veelckel 
has analysed the former substance in Wohler’s laboratory ; it 
was prepared by adding ferrosesquicyanuret of potassium 
to excess of protochloride of iron. It contained, iron 
25°589, potassium 5°284, cyanogen 33°684. Probable for- 
mula, (Ie? Cy® + 3 K Cy’) + 4(Be® Cy® + 3 Fe Cy*.) (dn- 
nalen der Pharmacie, Xxxv.) 

Double Carbonate of Lead and Soda. 

During his experiments on the atomic weight of carbon, 
Berzelius discovered a double salt of carbonate of lead with 
carbonate of soda; it is obtained by dropping a solution of 
nitrate of lead into an excess of solution of carbonate of soda, 

and boiling the mixture. Its formula is NaC +4 Pb ey 
(Arsberattelse, xix.) 

Acid Products of Citric Acid at high temperatures. 

The researches of Lassaigne, Baup, Dahlstroem, Berzelius 
and Robiquet, had led us to suppose that three acids were 
formed from the decomposition of citric acid at high tempe- 
ratures, which is fully confirmed by a series of experiments 
by G. L. Crasso, recently published in the Annalen der Phar- 
macie (vol. xxxiv. p. 53). The first formed is the aconitic 
acid of Dahlstroem and Berzelius (Baup’s acide citridique) 
C: H? Os + Ag; then the itaconic acid (pyraconitic acid, 
Lassaigne’s pyrocitric acid, and Baup’s acide citricique) 
C> Ht O8 + Ag.; and lastly, citraconic acid (pyrocitric acid 
of Robiquet and Lassaigne, Baup’s acide citribique), isomeric 
with the preceding. The two last appear to be bibasic, the 
first tribasic. No aconitic acid is formed previous to the 
disengagement of aceton and carbonic oxide. The two other 
acids are products of the aconitic acid. No distillation was 
continued longer than ten minutes. The acid first melts 
and gives off pure water, upon which white vinous acid and 
combustible vapours are disengaged, which evidently contain 
aceton and carbonic oxide. If the operation be now inter- 
rupted, the residue dissolved in water and brought to cry- 
stallization, pure unaltered citric acid is obtained, of which 
the analysis gave the formula for the citric acid dried at 100°, 
viz. C!? H'?O' + 3 H*®O; and besides which, a small por- 
tion of uncrystallizable mother-ley proportional to the quan- 
tity of aceton and carbonic oxide evolved. "When further 
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heated the white vapours disappear, the products are no 
longer combustible, and the recipient contains an acid colour- 
less fluid abounding in aceton. When white vapours are 
no longer visible, oily stripes are formed in the neck of the 
retort, indicating the formation of a new product. If the 
yellow residue be dissolved in water it forms no crystals even 
at O° cent., when evaporated to the formation of a pellicle, 
and the cold and solidified mass then treated with ether, but 
little citric acid remains undissolved. The ether on evapora- 
tion leaves behind a warty granular mass—the aconitic acid. 
Since citric acid does not form an ether on treating its alco- 
holic solution with hydrochloric gas, the aconitic acid may 
be thoroughly purified by dissolving it in five parts of abso- 
lute alcohol, and passing hydrochloric gas through the solu- 
tion. The aconitic ether is then decomposed with a vinous 
solution of potash, the potash salt by acetate of lead, and the 
washed precipitate decomposed with sulphuretted hydrogen; 
it is then obtained as a laminar crystalline acid, which on re- 
solution in zther and slow evaporation appears colourless 
and verrucous-crystalline: it consists of C 41°84, H 3-41, 
O 54°75. The silver salt was employed to determine the 

atomic weight, which was found to be 61811; the formula is, 
therefore, C‘ H?O> + H?O. The silver salt is white, not 
quite insoluble in water; formula = C* H?O? AgQ. Aco- 

nate of barytes is gelatinous, when dried, amorphous, The 

salts of potash, soda and ammonia, do not crystallize distinctly, 

are easily soluble in water and in alcohol. Aconitic ether, 

the preparation of which has already been described, is co- 

lourless, of aromatic smell and bitter taste ; specific gravity 

= 1:074at +14°C.; boils at 236°, above which it decomposes 

almost entirely into white vapours and a black fatty residue. 

Formula = C*H'? Of = Ae O At. 
The same ether has likewise been prepared by Dr. Mar- 

chand in the following manner. A mixture of half a pound of 

citric acid, three quarters of a pound of alcohol, and a quarter 

of a pound of concentrated sulphuric acid was distilled in a 

sand bath for about four hours, the liquid that passed over 

being constantly poured back. At last only sulphuric ether 

mixed with a little aleohol passed over, and the mass had a 

very dark brown colour. On mixing with water a quantity 

of coloured ether separated, which was washed with water 

till acid reaction ceased. When decolorated by means of 

animal charcoal, it formed a yellow fluid, very similar to the 

usual citric ether. Its boiling point above 230°. It could 

not be distilled without decomposition, so that it was impossi- 

ble to take the specific gravity of its vapour. Dr, Marchand 
wt 



Pyraconitic and Citraconic Acids. 287 

arrives at the same formula, C* H'? O', and states that this 
therefore is a combination of the oxide of ethyl, with an acid 
of the same constitution as aconitic acid, 

The free aconitic acid is easily soluble in water, alcohol 
and zther; decomposes on being heated above its melting 
point, disengaging pyraconitic acid, empyreumatic oil, and 
leaving behind a black pitchy mass, which subsequently car- 
bonizes entirely. 

Itaconic acid (pyraconitic acid) is best obtained by heating 
the aconitic acid in a retort till the evolution of yellow va- 
pours occurs. It is, further, this acid which forms the oily bands 
when the second period in the distillation has commenced: 
carbonic acid and water appear simultaneously with it. It 
condenses to an oily mass which sometimes passes into a cry- 
stalline solid. As soon as yellow vapours and empyreumatic oil 
begin to appear the distillation is to be stopped. On slowly 
cooling acicular crystals are formed in it, and the remaining 
mass no longer solidifies. On being rapidly cooled the oily 
acid solidifies entirely, and may be obtained pure by solution 
in six times its volume of water, and slow evaporation ; colour- 
less by recrystallization from alcohol or zther. From the 
aqueous solution it crystallizes in the form given by Baup for the 
citricicacid. The crystals give off no water at 100° cent., and 
consist of 46°62 C, 4°56 H, 48°82 O, agreeing perfectly with 
Baup’s analysis of the acide cztricique. On being heated to its 
boiling point, it passes into the isomeric volatile citraconic 
acid. ‘The acid potash salt is easily soluble, crystallizes in 
small shining laminze, which lose one atom of water at 100°; the 
dried salt contains 28°06 per cent. potash. The neutral baryta 
salt crystallizes in long slender stellate groups, which lose no 
water at 100°, it contains 54°92 per cent. barytes. The acid salt 
forms crystalline crusts. Neither salt of lime is distinctly ery- 
stalline. ‘The neutral strontia salt resembles that of barytes, and 
contains 45°69 per cent. strontia. The silver salt forms a white 

powder nearly insoluble in water; formula = C* Ht O3 Ag. 
The atomic weight determined from the silver salt = 707-12, 

and its symbol It. Itaconic ather had already been de- 
scribed by Malagutti as pyrocitric ether; it is colourless, of 
aromatic odour and bitter taste; specific gravity = 1°050 at 
15°, boiling point = 227°; it is partially decomposed at a 

higher temperature: it consists of C’ H't O'= Ae O, It. 
The same ether has likewise been prepared by Marchand; 

by continuing the distillation of his mixture for a longer time, 
he found for it the same constitution. 
The citraconic acid is identical with Baup’s acide citribique 
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and Robiquet’s anhydrous pyrocitric acid. It is obtained by 
distilling the itaconic acid, which gives water and citraconic 
acid, which forms the inferior layer. On distilling afresh it 
is obtained anhydrous: or it may be obtained by treating 
the non-crystalline residue remaining from the itaconic acid 
with acetate of lead, and decomposing the precipitate with 
sulphuretted hydrogen. The acid is void of colour and smell, 
has a strong acid acrid taste, sinks in water, does not mix with 
it, but on longer contact soluble in it in every proportion ; 
specific gravity = 1°247 at 14°; begins to volatilize at 90°, boils 
at 212° cent.; heated further it leaves a carbonaceous residue. 
Attracts moisture from the atmosphere, first becoming cry- 
stalline, then deliquescing. ‘The hydrate crystallizes in four- 
sided prisms, which melt at 80°, and volatilize entirely a few 
degrees higher; soluble in water, alcohol and ether. On 
being heated ina retort they first give off water, and then 
anhydrous acid. The anhydrous acid = 54°12 C, 3°53 H, 
42°350; thecrystallized hydrate =46'62 C, 4°56 H, 48°82 O. 
The atomic weight was determined from the anhydrous salts 
of silver, lead and barytes, and was found to be 715°40; its 

formula, therefore, = C® H+ O%, the symbol Ct. Citraconic 
zether is prepared in the same way as itaconic ether, with which 

it agrees in every respect; its formula C’ H' Ot = Ae O, Ct. 
Anhydrous citraconic acid absorbs ammonia with violent 
disengagement of heat, forming a yellow, ductile, transparent, 
hygroscopic body, easily soluble in water and alcohol. This 
anhydrous citraconate of ammonia = 2 C’ HtO’ + N? He, 
Dissolved in water and evaporated, small crystalline laminze of 
the same salt are obtained as crystallizes from the acid solu- 
tion by saturating direct with ammonia; formula = 2 C* H+O# 
+N?H* + H?O. The neutral potash’ salt is easily soluble, 
forms a pulverulent mass; the acid salt crystallizes in easily 
soluble lamin. Both soda salts easily soluble, non-crystal- 
line. The acid salt of magnesia transparent, radiately cry- 
stalline. The neutral lime salt is amorphous, easy of solu- 
tion; the acid salt crystallizes in prisms and laminze; formula 
2 C’ H+ Os + CaO, H? O + 3 Aq; lose one atom of water 
at 100°, three atoms at 120°, and at 140° blacken and evolve 
acid. The neutral salt of barytes is white, crystalline, of dif- 
ficult solution in cold water; the acid salt forms white silky 
verrucous groups, loses no water at 100°, = 2 C» H+ O° 
+ BaO H?O + Aq. The neutral salt of strontia is not 
distinctly crystalline, efflorescent ; the acid salt forms large co- 
lourless prisms, which become opake at 100°, and lose 26°19 per 
cent. in weight ; at 120° gives off acid. The silver salt is only 
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thrown down after an addition of ammonia, as a gelatine of 
difficult solution in water. From its boiling solution it cry- 
stallizes in long, thin lustrous needles, loses nothing at 100°, 
and burns with slight explosions; formula C* Ht Os AqO. 
From the liquid filtered from this salt are deposited on evapo- 
ration crystals in six-sided columns, which at 100° lose one 
atom of water. ‘The citraconate of lead exists in four differ- 
ent states. From an aqueous solution of the acid, to which 
some ammonia has been added, acetate of Jead throws down 
a voluminous precipitate, which on being boiled is partialiy 
dissolved, but the greater portion is converted into an inso- 
luble crystalline powder = C’ Ht:O® + PbO. From the fil- 
tered liquid crystallizes on cooling a non-crystalline powder 
= C H*O* + PbO+ Aq. If the neutral salt of ammonia 
be precipitated by the neutral acetate of lead a gelatinous pre- 
cipitate is formed, which dried immediately becomes opake, 
slightly yellow and gummy, = C? H+O? + PbO + 2 Aq. 
Basic acetate of lead throws down from citraconatic salts 
a white nearly insoluble crystalline powder = C* H: Os 
+2 PbO. The citraconate of zinc, and of the protoxide of 
mercury, are white and nearly insoluble. The neutral salt 
of nickel green, the acid salt green, crystalline. The acid 
salt of cobalt red, granular. The acid citraconate of the 
protoxide of manganese forms an opake ductile mass. The 
hydrate of the peroxide of iron is but slowly dissolved by 
citraconic acid. 

Citric acid therefore presents four distinct periods of de- 
composition: the first from the melting point to the evolution 
of gas, during which water of crystallization (?) is given off. 
The second period begins with the evolution of aceton and 
carbonic oxide, and pyrocitric or aconitic acid is formed. 
This is decomposed in the following period, under formation 
of carbonic acid and pyraconitic or itaconic acid. In the 
fourth period empyreumatic oil is given off, and the residue 
is carbonified. ‘Three different acids therefore originate in 
fixed order. The aconitic acid is probably tribasic, the ita- 
conic and isomeric citraconic acids bibasic. 

Wackenroder has published in the Archiv der Pharmacie 
(xxili. p. 266-279) a series of experiments on the amount of 
water of crystallized citric acid, from which he concludes that 
the two kinds of citric acid hitherto admitted with four and 
five atoms of water do not exist, or are never formed from 
the usual citric acid under known conditions; that the cry- 
stallized citric acid cannot exist with less than three atoms of 
water; that the aqueous fluid which Crasso obtained by dry 
distillation, and regarded as water of crystallization, is nothing 

Phil, Mag. S. 3. Vol, 18, No. 117, April 1841. U 
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but hygroscopic water; further, that the citric acid which 
Crasso separated from the residuous acid heated until the 
disappearance of white vapours, and which he found by ana- 

lysis to be Ci + 3 Aq, must no longer be considered as citric 
acid dried at 100° C., but is the usual crystallized citric acid 
which has remained unchanged. 

Wackenroder likewise contradicts the assertions of Robi- 
quet and Crasso respecting the insolubility of citric acid in 
ether: he found that rectified sther, dry as well as moist, 
dissolved abundantly the melted acid, that the solutions did 
not become milky in closed vessels, and on evaporation gave 
a syrup which but slightly reddened dried litmus, and which 
on standing exposed to the atmosphere gradually passed into 
the crystallized state. 

Before quitting this subject we may notice the observations 
of Berzelius (Arsberettelse, No. xviii.) on the views of Liebig 
and Dumas on the constitution of organic acids: he rejects 
them entirely, and states that the citrate of soda when heated to 
190° may be a compound of two atoms of citrate of soda, and 
one atom of aconate of soda. Ina remarkable paper “ On 
certain Questions of the Day in Organic Chemistry,” pub- 
lished in Poggendorff’s Annalen, xlvii. p. 289, which is prin- 
cipally directed against Liebig’s article ** On the Composition 
of Organic Acids,” 4nnalen der Pharmacie, xxvi. p. 113, 
Berzelius observes with regard to citric acid, that he has 
found that when the citrate of soda dried at 190° C. was dis- 
solved in water and placed aside to crystallize, regular crystals 
of citrate but no aconate of soda was produced. As citrate of 
soda is insoluble in alcohol, but aconate somewhat soluble, 
he tried to extract the latter from the metamorphosed citrate 
by this means, but he obtained much less than the theory 
required. Citrate of silver when just precipitated is white 
and voluminous; it has then the formula Aq C+ Ht O1, but 
by heating, or even by standing in the fluid, it becomes hea- 
vier, granular and crystalline, and has a composition similar 
to that of the metamorphosed soda salt. The metamorphosed 
silver salt was treated with alcohol and a quantity of hydro- 
chloric acid not sufficient to decompose the whole of it; the 
mixture was well shaken until there was no more hydro- 
chloric acid in the alcohol. The alcoholic solution when 
evaporated left a perfectly uncrystalline syrup, which, dis- 
solved in water, let fall a trace of citrate of silver; out of the 
water was obtained a colourless syrup, similar to the aconitic 
acid, and which when saturated with carbonate of soda gives 
citrate of soda and aconate, which may be extracted by alco- 
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hol of 0°833, and the quantity of which fully agrees with that 
required by theory. Three atoms are decomposed, giving 

2 atoms Aq C = 2(4C 4H 40) + 2 ‘Aq, and 

1 atom Aq Ate = (4C 2H 30) + Aq 

The salt 2 Na Ci + Na Ate is a chemical compound, which 
when dissolved in water attracts one atom of water, and forms 
three atoms of citrate of soda, &c. 

Milk of the Cow-Tree. 

We are indebted to Dr. Marchand for an examination of 
the milk of the cow-tree (Palo de Vacca). This vegetable 
milk had already been made the subject of inquiry by Bous- 
singault and Boldero (Ann. de Chim. et de Phys. xxiii. p. 210), 
and by E. Solly, Jun. (L.& E. Phil. Mag., xi. p. 542), with whose 
paper Marchand appears to have been unacquainted. Solly’s 
galactin seems to have been a mixture; he had, however, like- 
wise recognized its difference from wax. According to the 
present examination, this milk would consist of water, ferment- 
ative sugar, lime, magnesia, combined with phosphoric acid, 
acetic acid (traces), butyric acid (?), resin C'° H' O, resin 
C» H*:O, resin C*° Hs? O, so-called wax (Solly’s galactin ?), 
a substance resembling caoutchouc, C!! H®%O3, We find, 
therefore, in the milk of the cow-tree only those substances 
which the milky saps of plants generally contain, but espe- 
cially little albumen, and much of a caoutchouc-like substance. 
The resins are all compounds belonging to the radical C* H®. 

1. Resin Co H's 0 =2 (C* Hs) O. ‘The same composition 
as copaiva resin (according to Hess, however, this is com- 
posed of Co H® 04), 

2. Resin C” H?O = 4(C» H*)O. Camphor oil, accord- 
ing to Martius, possesses the same composition. In the wax 
of Ceroxylon andicola Boussingault found a resin to which he 
likewise assigns this formula. Perhaps Mulder’s anthiar 
resin is the same. 

3. Resin C*? HO = 10(C* H*) H?O. This composition 
differs so much from those of the waxes that it -can scarcely 
be reckoned in this class. 

4. Caoutchouc-like substance C+ H® Os = 8 (C» H*) H?O 
+ 0% The remarkable resemblance which this substance 
has to caoutchouc would lead one to believe that it is 
really identical, but according to Faraday’s experiments the 
latter contains no oxygen. It is, however, possible, that ca- 
outchouc in the state in which it is contained in the milky 
saps is capable of combining both with water and oxygen, 
and thus to produce a combination which from its properties 
calls to mind its origin. This view would agree perfectly 
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with Fourcroy’s experiments, according to which, caoutchouc 
is precipitated from the milk-saps by the oxidizing action of 
the atmosphere. (Journal fiir Praktische Chemie, xxi. p. 
43-54) 

Croconate of Copper. 
According to L. Gmelin, when warm aqueous solutions of 

the croconate of potash and hydrochlorate or sulphate of 
copper are mixed, and the liquid let to cool, small rhombic 
prismatic crystals of the croconate of copper are deposited. 
They have a lively semi-metallic lustre, reflect light dark blue, 
transmit it of a brownish yellow. The powder is of an in- 
tense lemon-yellow colour. On being heated in a tube they give 
off water, then decompose violently under evolution of gas; 
the parts driven out of the tube burn with showers of sparks. 
The products of this decomposition are, first, a mixture of 
carbonic oxide and carbonic acid in variable proportions; 
second, an empyreumatic faint yellow acid fluid which smells 
of pyroligneous acid, colours the salts of iron brown, those of 
silver red (aldehydic acid ?); third, a dull brownish-black 
coally residue, which on being heated, exposed to the atmo- 
sphere, burns lively to metallic copper and then to oxide. 
When the croconate of copper is heated in the atmosphere it 
gradually decomposes with slight explosions and showers of 
sparks. The analysis of the crystals, washed with cold water 
and dried in bibulous paper, gave C 23°36, H 2:23, 043°41, 
Cu 0 31:00. The formula for the crystallized salt is, there- 
fore, C’ Ot Cu O, + 3 H? O. Ofthe three atoms of water two 
are expelled at 162°, the last does not go off without decom- 
position. (Annalen der Pharmacie, xxxvii. p. 58-65.) 

The Fatty Acids. 

An examination into the action and constitution of a series 
of fat bodies has been made under the guidance of Professor 
Liebig, the results of which have appeared in various num- 
bers of the Annalen der Pharmacie for 1840. The questions 
to be solved were, do the solid fats, which contain not a trace 
of margaric acid, give margaric acid on dry distillation? How, 
and in what manner, can margaric acid originate from stearic 
or oleic acid? ‘This question presupposed the most accurate 
knowledge of the composition of stearic, margaric and oleic 
acids. Professor Redtenbacher undertook the examination 
of stearic acid, and of the acid in the drying oils; Dr. Var- 
rentrapp that of margaric acid, the oleic acid in the greasy 
oils, human fat, olive oil, and in almond oil. Connected with 
this question was the examination into the origin of sebacic 
acid, and of the substance characterized by its penetrating 
smell, to which Berzelius has assigned the name of Akrolein, 
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The composition and mode of formation of elaidic acid was 
undertaken, as his task, by Dr. Meyer. The accurate ex- 
amination of coccostearic acid (coccinic acid), as well as of 
the products which originate from the action of nitric acid on 
fat bodies, was undertaken by M. Bromeis: the composition of 
the margaric acid in palm oil, and of the acid in cacao butter, 
by Mr. Stenhouse of Glasgow ; on the composition of the fat 
substances of the nutmeg butter, and of the wax, by Mr. Play- 
fair of Calcutta*. 

[To be continued. } 

XLIX. Abstract of the History of a new class of Platina- 
salts, discovered by M. Gros, with some Remarks on their 
true Constitution. By Rospert Kane, M.D., M.RLA.+ 

he very singular substance discovered by Magnus, and 
formed by boiling protochloride of platina in water of 

ammonia, is well known to consist of Pt Cl + NHs. By this 
direct process it is formed but slowly and in small quantity, 
and a better mode of obtaining it was invented by Liebig. 
A solution of perchloride of platina is treated by a current of 
sulphurous acid gas, until the liquor becomes deep reddish 
brown, and ceases to precipitate a solution of sal-ammoniac. 
Being now brought to boil, and water of ammonia being 
added, Magnus’s salt precipitates in fine deep green silky 
needles. In this way Gros obtained it in quantity sufficient 
for his researches. 

When this substance is treated with warm nitric acid it (the 
acid) becomes brown, and finally converts the salt into a white 
powder. Red fumes are given off, and generally some double 
perchloride of platina and ammonium produced, and some 
metallic platina separated. The white salt is obtained pure 
by solution in warm water, from which it crystallizes on cool- 
ing. This salt is colourless, and in brilliant flat prisms. 
Heated with caustic potash it evolves ammonia, but not 
otherwise. It is not precipitated by sulphuretted hydrogen. 
On analysis it yields Pt Cl N,; Hy Og. 

* [The authors had subjoined to this notice of the recent investigations 
respecting the fatty bodies, particulars of some of their results; but as 
several of the memoirs containing them have now appeared entire in our 
pages, together with an abstract of others, we deem it best to add merely 
the following references:—An abstract of the researches on the fatty sub- 
stances by Redtenbacher, Varrentrapp, Meyer and Bromeis, was given in 
the Number for February, pres. vol., p. 113, preceded, at p. 102, by Dr. L. 
Playfair’s paper on a new fat acid in the butter of nutmegs; and in our last 
number, p. 186, appears Mr. Stenhouse’s memoir on palm oil and cacao 
butter.—Eprr.]} 

+ See p. 284. of the present Number. 
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When a solution of this salt is treated with sulphate of soda, 
a new compound separates in needles. This is also obtained 
by decomposing the first salt by dilute sulphuric acid, nitric 
acid being expelled. A solution of this salt yields no preci- 
pitate with nitrate of barytes, but gives sulphate of barytes 
when an excess of nitric or muriatic acid is added. Its analysis 
gives the formula Pt Cl N, H, S O,. 

On mixing a warm solution of the nitric acid salt with 
oxalic acid, a white powder, insoluble in water, is thrown 
down, which has the composition Pt Cl N, H, C, O,. 

With a solution of common salt another compound is ge- 
nerated, the composition of which is Pt Cl, N, Hg. 

When we compare the above formule with one another, 
we observe that there is common to all, the elements of an atom 
of protochloride of platina, one of amidogene and one of 
ammonium, Pt Cl + NH, + N H, and that the changeable 
element is such, as to form, with the ammonium, an ordinary 
ammoniacal salt. ‘The simplest rational formula which could 
be devised for them, should therefore be to look upon the 
platina as having been raised to the state of percombination by 
the nitric acid, a chloramide being formed, Pt + Cl N H.,, re- 
sembling the bichloride, an atom of chlorine being replaced 
by amidogene, as an atom of oxygen may be replaced in 
chromic acid by chlorine. Then the formule of Gros’s salts 
become 

1. (Pt + Cl. Ad) + (Am.O+ NO,). 
2. (Pt + Cl. Ad) + (Am .O + SQ,). 
3. (Pt + Cl. Ad) + (Am .O + C,Q;). 
4. (Pt + Cl. Ad) + (Am. Cl). 

MM. Gros and Liebig reject this view on the following 
grounds: Ist, that the difficulty which is found in expelling 
the ammonia from these compounds excludes the idea of the 
presence of an ordinary ammoniacal salt; and 2nd, that the 
sulphuric acid compound not immediately precipitating a salt 
of barytes, shows that common sulphate of ammonia does not 
exist therein. Gros therefore considers that the platina, 
chlorine, nitrogen, and hydrogen are all united together in a 
compound radical, which in No. 4. is united to chlorine, and 
in the others with oxygen and an acid. Thus, Pt Cl 
N, H, = X we have, 

1. PtCIN;H,O,; =X.O+NO,. 
2. PCIN,H,SO, =X.0+4S0, 
3. PtCIN, H,C,O,= X.O + C, O3. 
4. Pt Cl, N, Hg Ha, ey #1 

Liebig endeavours to establish a relation between this com= 
pound radical and ammonium, by proposing to consider the 
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radical to consist only of Pt Cl N, Hy; that this fulfils a 

function like that of azote, and combining with H, forms the 

true basis, which is associated in Gros’s salts with hydrated 

acids or with chloride of hydrogen. 

In this confused state of our knowledge of so interesting a 

class of bodies, I think it right to publish some facts with 

regard to their origin and constitution which I had discovered 

a long time ago; for after having completed my researches 

on the mercurial compounds formed by ammonia, I com- 

menced the analogous examination of the platinum bodies, 

and had formed many new substances, among others the mu- 

riatic and oxalic salts of Gros, when his memoir appeared. 

I then thought that he would pursue the subject further, but 

as it would be useless for two persons to be losing time doing 

the same thing, and I thought that he was ahead of me in time, 

I laid the subject aside, and passed to other matters. I have 

lately resumed that investigation, and combining my old re- 

sults with those which I since obtained, I consider that the 

nature of those bodies may be now explained. 

I formed these salts originally, not as M. Gros did, from 

Magnus’s salt, but by acting with ammonia on the perchloride 

of platina. ‘There are produced a series of bodies, which it is 

not my object to describe here, but ultimately a colourless 

solution, which gives with alcohol a white precipitate, which 

is the basis of Gros’s salts, that he had endeavoured in vain to 

isolate. Its composition is Pt Cl N, Hg O +2 Aq. Its solu- 

tion in water gives with acids all Gros’s salts. Now in its 

formation the series of decompositions from the perchloride 

Pt Cl, is fully developed. And it is important also that by 

passing an excess of dry gaseous ammonia over perchloride 

of platina, Gros’s muriate is produced, for its constitution may 

be represented as Pt Cl, + 2 NH, It is evident, therefore, 

that these complex bodies are deduced from the perchloride 

of platina just as the complex mercurial amides are formed 

from corrosive sublimate, and as the ammoniacal sul- 

phates, &c. of silver, zinc, copper, &c. are produced by an 

excess of ammonia on the simple salts. But the platinum is 

remarkable for involving together the types of both the mer- 

curial and copper ammoniacal compounds, and hence rising 

to a still greater complexity of constitution. ‘Thus in place 

of Hg Cl + Hg Ad and Hg I+ 2Hg O+ Hg Ad, there 

are in the platinum series Pt Cl, + 3 Pt Ad, + 4 Aq, and 

Pt.1,+ Pt Ad,+4Aq. In combination there is, however, 

Pt Cl, + Pt Ad,, and it is this which exists in Gros’s salts 

combined with the common salt of ammonia. From these 

circumstances, I consider that we have good grounds for 



296 Some Remarks on MM. Francis and Croft’s 

looking upon Gros’s salts, the sulphate for example, as con- 
taining the bichloramide of platina united with two equiva- 
lents of sulphate of ammonia (Pt Cl, + Pt Ad.) + 2(NHy,. 
O+580,). As to the objection made by Gros to the exist- 
ence of common sulphate of ammonia, that neither the acid 
nor the base can be directly detected, it is well remarked by 
Berzelius that the view taken by Gros does not in the slightest 
degree render it easier of explanation. We find, however, 
many analogous cases. Thus in the double oxalate of chrome 
and potash, a very trifling quantity of the oxalic acid is shown 
on the addition of a salt of lime. 

I consider that it is not calculated to advance science, when, 
in order to avoid difficulties in the rational explanation of the 
constitution and properties cf any substance, the theory of or- 
ganic radicals is employed as unreservedly as it appears now 
to be by many chemists. It gives an air of simplicity to re- 
actions, very attractive at first sight, and very convenient for 
explanation, but which, by making us satisfied by surface re- 
semblance or plausibility, may retard important investigations. 
If, in accordance with Gros’s ideas, we make Pt Cl N, H, =X, 
the question still remains, what is the structure of X? And 
that question should never be lost sight of. But the substance 
described by Reiset as the radical of Gros’s salts*, and which 
has indeed the formula of it (Pt Cl N, Hg), is not so consti- 
tuted ; it is not at all of the series of the bichloride of platina, 
to which Gros’s salts belong, but to the protochloride, being 
Pt Cl+ 2 NH,, whilst Magnus’s salt is Pt Cl+ NH. This is 
evident from the way it is made. 

L. Some Remarks on Messrs. Francis and Croft’s Abstracts 
Jrom the Foreign Journals. By A CorrEsPponDENT. 

Sir, 

b ge has lately been the fashion, especially among those who 
have spent some time under the great teachers on the 

continent, to declaim much against the backward state of che- 
mistry in England, and to censure its cultivators in this country 
for their tardy reception of the new doctrines and new facts 
continually emanating from the fertile inventions and laborious 
investigations of their continental brethren. 

Perhaps, to a certain extent, the charge may be well 
founded, and thanks are due to Messrs. Francis and Croft 
for their laudable endeaveurs to remove this opprobrium. 

On reading their abstracts from the foreign journals inserted 

* Francis and Croft’s Abstracts, p. 284. 
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in your last Number, I could not, however, avoid being struck 
with some inconsistencies in the reasonings adduced; and 
should these be a sample of what we are generally to meet with, 
we may account in good measure for the reluctance manifested 
by our countrymen to adopt every new theory that may be 
put forth, even under the sanction of men whose reputation 
stands deservedly so high. Theories now succeed each other 
with such surprising rapidity, that scarcely has one been 
blazoned to the world ere another is proposed to supersede 
it, and this experiences, it may be, a dominion of still shorter 
duration. 

Take, for example, the theory of the constitution of alcohol, 
which MM. Dumas and Stas, in their last paper, propose to 
modify : let us consider the views that have been taken, or may 
be taken of its molecular arrangement, and then let us decide, 
if we can, which view is the true one, or even which may be 
said to merit the preference. 

Alcohol. Empirical formula C, Hg O; 
(1.) Bihydrate of Olefiant Gas (C, +H)+2HO. 
(2.) Bihydrate of Etherine, (C, +2HO. 
(3.) Hydrate of oxide of Ethyl, (C, + HO. 
(4.) Methylic Aldehyd + Marsh Gas, (C ebl, 
(5.) Bibydruret of Aldehyd, &e. &e., Cry ‘O,) + H,. 
Each of these views may be said to be supported by expe- 

riment. (1.) Thus, when alcohol and sulphuric acid are mixed 
in certain proportions, and heated, olefiant gas and water are 
the results. (2.) In other proportions, the same ingredients 
yield etherine, or etherole, and water; (3.) whilst, in again 
differing proportions, oxide ofethyl and water are the results. 

Thus much the effects of acid re-agency on alcohol: MM. 
Dumas and Stas have tried the effect of alkalies in producing 
its decomposition. The results, as might be expected, are 
equally various. 

Heated with hydrated alixalies, acetate of the base is formed 
and hydrogen evolved. If thetemperature be somewhat raised, 
carbonic acid and marsh gas result; here it is the hydrated 
acid that undergoes this decomposition, C,H, O, = C, O, + 
C, H,. 

In this instance the formula of acetic acid is represented to 
usas C, H, O,; a little further on, when mentioning the re- 
sults of the transmission of aldehyd, C, I, O, over heated lime 
and potassa, acetic acid is said to be formed by the action, 
and the formula given is (C, H, O,), the true formula for the 
anhydrous acid. Surely we must not admit and discard the 
presence of water in these cases just when it suits our con- 
venience to do so, for by this mode of proceeding, alcohol 
and ether would become synonymous and convertible terms, 
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C, H, O, = C,H, O. In the experiment just described H 
is given off, and it is concluded that aldehyd is analogous to 

hydruret of benzule, while a few months ago the opinion of its 
being a hydrate of oxide of acetyl was promulgated ; and both 
opinions are founded on experiment! but this by the way. 

(4.) To return to the theory of alcohol. After stating, as 

above, the decompositions produced by hydrated alkalies, the 

abstract (for with that alone I am at present dealing) proceeds 

—<‘ In the usual preparation of acetic acid, two atoms of hy- 

drogen are replaced by two atoms of oxygen; by the action 

of alkalies chloracetic acid C, H Cl, O, [the hydrated acid] 

is decomposed into carbonic acid and chloroform C, O, + C, 

HCl,; acetic acid is decomposed into C, O, + C, Hy or 

C, O, + C, H, H. Alcohol may therefore [!] be considered 
as composed of two bodies representing carbonic acid, one 

the methylic aldehyd, the other marsh gas, C, Hg O7= 

C, H, [intended, I suppose, to be H,] + C, Hy O, = [or 

analogous to] C, O, + C, O,.” Why we are to consider 

alcohol as composed of marsh gas and methylic aldehyd, to 

me is by no means obvious from these premises. If, how- 

ever, we are to imagine it as containing a compound of the 

methyl series, we might, as it seems to me, with as much reason 

suppose alcohol an oxide of methyl (C, Hs; + O) with which 

it is evidently isomeric. But I forget myself; this supposition 

is contrary to the theory of types. 
The abstract continues: “In the usual method of forming 

acetic acid C,H, O, loses H, and takes up O,, there then 

remains C, O, O, + C, Hy = C, Hy Oy or acetic acid. By 

the action of alkalies H, is given off; the water of the hydrated 

alkali is decomposed, H, is developed, and QO, assimilated.” 

If these changes really occurred, it is evident the result would 

be an oxalate, not an acetate. 

1 eq. hydrated acetic acid = C, + H,+ O, 

2 eq. water from the alkali = 15 Oe OP iad 

C,+H,+ 0 

C,+ O, 2 eq. oxalic acid. 
H, Evolved. 
H, Evolved. 

C, + He + Og 
Hence it appears that the alkalies act, by their affinity for 

carbonic acid, in a manner analogous to that in which sul- 

phuric acid operates by its affinity for water. 

(5.) Lastly, we may consider alcohol a bihydruret of aldehyd, 

and still appeal to experiment for confirmation of our view ; 
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for if alcohol be passed through heated porcelain tubes, the 
products are water, aldehyd and carburetted hydrogen*. 

2 eqs.aldehyd... C, H, Oy, 
4: EQS. Water seseee 4 Oz 
1 eq. olefiant gas C, Hy, 
2 eqs. marsh gas C, H, 

4 eqs. alcohol = C,, H,, O; = 

Cys Hy Os 
The hydrogen set free from 2 eqs. of alcohol decomposing 
the other two, as here represented. ‘These are but a few of 
the numerous views that might be taken of the constitution of 
alcohol. Can we then wonder if considerable deliberation 
should be exercised before closing with any particular theory ? 
I do not pretend that some of these views are not more 
strongly supported by analogies than others; but into these 
details it would be out of place for me on the present occa- 
sion to enter. 

A new acid, the Ethalic, is described in this paper, the 
formula of its hydrate is C3, H5, O,; this, it will be remarked, 
is identical with the formula given by Fremy and Stenhouse 
for hydrated palmitic acid. 

. Since MM. Francis and Croft have undertaken these abs- 
tracts for the benefit of British chemists, I would beg to 
suggest rather more attention to the terminology and ortho- 
graphy of new compounds, a point by no means unimportant, 
especially when, as so very frequently happens in the present 
day, fanciful and arbitrary names, some nearly identical with 
those applied to totally distinct substances}, are imposed. It 
is desirable that in the same paper at least the same things 
should possess the same names; that, for example, a body 
should not sometimes be called valeric, sometimes valerianic 
acid; nor methyl, methyl; ethyl, ethyl, or the like. 

It would certainly, moreover, be a convenience, if in these 
abstracts, which we sincerely hope may be continued, the 
temperature, instead of being given on the centigrade scale 
only, were expressed likewise in corresponding degrees of 
Fahrenheit, as being the scale generally used here. 

With regard to the symbols mentioned in the foot note at 
p- 200, in which it is queried whether the plan of representing 
the constitution of organic bodies merely by the position of 
the figures, as proposed by Berzelius, be known in England, 
surely on the present occasion we may rejoice in our igno- 
rance. Our symbols are already sufficiently abridged to di- 

* Turner’s Elements of Chemistry, Gregory’s edition, p. 859. 
{ For example, ammelin, ammelid; phlorizine, phlorizeine; benzile, 

benzole, benzule; and the chlorovalerisic and chloroyalerosic acids of the 
authors. 
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minish their usefulness. We do not require abbreviations 
of abbreviations. Mistakes arising from this cause are already 
too numerous. How liable they would be to multiply were 
we still further to complicate our systems of notation, may be 
imagined by reading the following sentence from the abstract 
already so often quoted; where, speaking still of the ac- 
tion of hydrated alkalies on various substances, it is said, 
“Acetic wther gives hydrogen and acetic acid; benzoic 
wether gives hydrogen, benzoic and acetic acids; iodide of 
ethyl gives iodide of potassium and olefiant gas, C, H; I, 

[should be I] + K= C, H, + KI?[shouldbe I, andthe dot over 
the K omitted] + HO. This ether forms with chlorine; chlo- 
ride of ethyl and iodine is separated; ;4, E F is exactly similar 
to RF.” Here neither R nor F are defined. 

I am, Sir, your obedient servant, 
To R. Phillips, Esq., F.RS. &c. §e. W.A. M. 
March 5, 1841. 

Nore. 
We do not find in the communication of our Berlin Correspondents 

any thing implying unwillingness on the part of English chemists to receive 
“new doctrines and new facts”’ from abroad. Messrs. Francis and Croft 
merely offer to assist us in supplying information which the chemists of our 
own country are, we believe, anxious to obtain. Whatever caution may be 
necessary in the reception of new doctrines, correct information respecting 
them must be desirable; and still more so with regard to new facts. 
Neither, if there are ‘‘inconsistencies in the reasonings”’ of Dumas and Stas, 
is it logical to infer “‘ that these are a sample of what we are generally to 
meet with” among continental chemists ; some of whom, indeed, are able 
opponents of those reasonings. It is our province to assist in bringing 
them under examination. 

With regard to the remarks on the Symbolic Notation, we have to state 
that our Correspondents are not accountable for any ambiguity which 
may appear in the formule given in that portion of their communication 
which appeared last month. Some of those formule were altered by us, 
with the intention to suit the views generally taken by English chemists. 
In the continuation given in the present number, however, we have pre- 
ferred leaving the symbols exactly as written by Messrs, Francis and Croft ; 
and to this practice we intend in future to adhere. As to the termi- 
nology, we presume that in preparing the abstracts, they have retained 
the terms employed in the original papers, except in cases where the 
English equivalents were obyious. For want of uniformity in orthogra- 
phy we are alone to blame. Much diversity exists among our chemical 
writers; but our practice has been to prefer, as usual in English, the 
Latin orthography of Greek terms, and not to present them in a French 
garb. The advantage of forming terms from the Greek is lost by so disfi- 
guring them as that they are scarcely to be recognised. We therefore 
prefer ether, ethyl, &c., more especially as we have not, like the French, 
the accented é to substitute for the diphthong; nor the 4 as in German. 
We are fully aware that with the present immense influx of new names, 
the subject of chemical nomenclature requires strict critical supervision, 
and we trust it may engage the further attention of Professor Whewell, 
who has so ably treated certain parts of the subject in his Philosophy of 
the Inductive Sciences.—Epir. 

a 
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LI. On the Cause of the Production of Daguerreotype Pictures. 
By Martyn J. Roserts, Esq. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 

LTHOUGH the Daguerreotype process has long excited 
intense interest in the scientific world, we have not as 

yet had an explanation of the wonderful effects produced. I 
believe that even M. Arago has failed to elucidate the theory ; 
and not only has this great philosopher been foiled, but the in- 
ventor of the process is unable to solve the problem; with 
these facts before me, I feel it almost presumptuous in so hum- 
ble a votary of science as myself to attempt an explanation 
of the cause of the production of Daguerreotype pictures, but if 
my attempt has the effect of directing attention to the right 
path for arriving at a solution of the question, I shall be sa~- 
tisfied. We all know that light has a powerful influence on 
crystallization; solutions that will not crystallize in the dark 
instantly form on the admission of light; the crop of crystals 
is always more copious on the enlightened side of a glass 
containing a crystallizing liquid than on the dark side. Ice 
forms more rapidly during moonlight, and oa the break of 
day, than on a dark night; but I need not adduce examples 
of the influence of light on crystallization, for the fact is 
allowed by all scientific men. 

Let us then suppose, that in the Daguerreotype process the 
cleansed silver plate is exposed in the dark to the vapour of 
iodine; this deposits itself in a flocculent or powdery state 
on the plate, unable to form the peculiarly shaped iodic cry- 
stals, from the absence of light ; but yet all other requisites 
being present, it may be considered in an incipient state of 
crystallization, or balanced so finely, that the admission of the 
excitant light instantly throws it into plate-formed iodic cry- 
stals, but only in those parts where the light has impinged, 
and here its perfection of, or continuity of crystallization, is 
merely in proportion to the intensity of light. 

Having now the iodated plate removed from the camera 
obscura, where it has undergone a surface crystallization, 
more or less perfect in those parts where the lights and shades 
have fallen, we submit it to the mercurial vapour; the atoms, 
vesicles, or globules of this vapour being very minute, attach 
themselves to all the minute inequalities of face in the iodine; 
on those parts which are fully crystallized, the vapour is pre- 
cipitated on the flat tabular surface of the crystals, and here 
offering a continuous and equal angle of reflection to the eye 
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it appears white and resplendent. On the non-crystallized or 
imperfectly crystallized surface of the iodine, which being in 
a measure powdery and offering no determinate angle of re- 
flection to the eye, the mercurial vapour adheres, but in no 
flat surface or continuous determinate angle capable of re- 
flecting a mass of light; it may be said it is here unpolished. 

Again, may not the angle under which it is necessary to 
view a Daguerreotype picture be that of the facet of the iodic 
crystal, and this be a further confirmation of my theory? The 
mercurial vapour covers the whole of the iodine, and thus 
protects it from the further action of light. 

Such are the crude views I have formed on this subject, and 
I trust they may lead to a further elucidation. 

Iam, Gentlemen, yours, &c. 

London, March 19, 1841. Martyn J. Rosrerts. 

LII. Notices respecting New Books. 

A System of Crystallography. By Joun Josera Grirrin, Glasg.1841. 

WE have been favoured with a copy of a work bearing the above 
title, but which might better have been called ‘‘ A description of 

120 porcelain models of crystals, according to a method newly in- 
vented by the author”’; for, with regard to Crystallography, we might, 
on first turning over the uncut leaves, and meeting with zenith and 
nadir of crystals, and north-east, north-west, and other meridians, 
have supposed that the object of the book was to create a laugh 
at the expense of the cultivators of that science ; but recollecting the 
cost of publishing a rather bulky octavo volume, we felt compelled 
to suppose the author serious, and we accordingly began at the 
preface to separate some of the leaves. 

The first line of the treatise defines crystallography to be ‘‘ the art 
of describing crystals.” But this, according to our notions on the 
subject, is only one, and not the most important of its objects. We 
have been accustomed to regard crystallography as a science of a 
much higher order, by which the mineralogist is enabled, from a 

fragment of a crystal, to discover its relation to some simple type 
by which he may connect it with the species of mineral to which it 
belongs. 

This view of the subject, however, does not appear from the above 
definition to have entered into Mr. Griffin’s contemplation, and his 
system therefore, even if it possessed the merit he ascribes to it, would 
render no additional service to mineralogy. 
We cannot afford either time or space for even a brief analysis of 

the author’s method, nor do we conceive that we should much be- 
nefit our readers by giving it; we shall therefore limit ourselves 
to a few extracts and remarks, 

The preface begins thus: “There are many systems of crystal- 
lography in print, but none in general use,” a fate from which we 
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may confidently predict the work before us will not be exempt. 
“The different systems,” it proceeds, “hitherto published have 
failed to satisfy the wants of the public.” We do not know to what 
public Mr. Griffin refers. Surely not to those by whom the tens of 
thousands of copies of ‘Nicholas Nickelby’ and ‘ Jack Sheppard’ 
are eagerly purchased, or the novels of fashionable life as eagerly 
perused; and if not to these, what reading public is to be found, 
and more especially where the cultivators of science, whose wants 
the existing works on Crystallography have failed to satisfy ? 

The different systems to which our author alludes are, he con- 
tinues, “‘either too difficult to learn, or, when learnt, too troublesome 
for service. Hence,” he says, “ crystallography is little studied by 
chemists or mineralogists ; and the consequence is, that for want of 
a language in which observations can be recorded, the study of crystal- 
lization is also shunned.”” Our mineralogical readers must know that 
this statement is unfounded ; and we can only account for its having 
dropped from the pen of Mr. Griftin, by supposing the preface to 
have been written after the work was finished, and the author to 
have entirely forgotten not only a work to which he has so frequently 
referred, but even the name of William Phillips. 

The preface proceeds to state that “‘ the present publication is an 
attempt to show the way, not merely how to describe a crystal, but 
how to do it easily.” 

The following are examples of the simple and easy method of de- 
scription employed by the author : 

54. Turnerire. Pictite. Cleavage=m, T. 
5. 5. t, m 4 t, Myr, mZt. 3PM Zn, }p—m Zn’, 1p— Zs, 

2r—M,%, tT Zn°e Zn2w, 5 (4p—m,t) Zne® Znw?, 

2P,Mj%T Zs*e Zs*w, 1p+m¥t Zse® Zsw2, ...... 2000, P842, 
5. 5. 1, Mg87, M53 T, m$t. ZPLM Z*n, Ip—m Zs, 

3p—m,t Zne Znw, p—m,t Zse Zsw, ...... eee e eee Ly82?, 

Part II. p. 91. 
ANORTHITE. 

5. 3. T, 3M3T nw, 3M3Tne. 4pxm,t,Znw?, 1P,M,T, Z2ne, 

4Pxm,t, Zn’e, tp,m,t, Zne®,1p,m,t, Zs*e*,1p,m,t, Zs%e, 
A i te Th ee eo a a a a R3%,31, 

5. 3. T, }M$T nw, MT ne. 1p,m,t, Znw?, 1P,M,T, Z2ne, 

3 ({pxm,t, Zne), 4(1p,m,t, Zse), 2 (+Pxm,t, Zsw),.. .. R33233, 
5. 5. T, MAT nw, MST ne. +Pxm,t, Znw®, 1P.M,T* Z2ne, 

EP. My tine, kp wiyty Ze) 5o)hsas a divine «cha os coiene R3?8,29, 
5. 5. T, }M4T n*w, gm+tnw*,} Tne, }m+tne®, 

4pxm,t, Znw’, 1P,M,T, Zne, Lp,m,t, Zne®, 

4(4p.m,t, Zse), 3(4p,m,t, ZEW), »... sss cecceccecs R3%, 

Part II. p. 98. 
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Here Z stands for zenith. 
Neiteias> ) nadir 

e, w,n,s, east, west, north, south. 

PMT denote faces, p, m, t, axes. 

And in p. 2 of the first part we find that the subscript indices, 
x, y, Z, imply urknown or variable axes. 

The indices representing powers of the quarters of the compass are 
thus eayplained in p. 24 of Part I. : 

“In Phillips’s Mineralogy, p. 174, there is a figure of a crystal of 
Fluorspar, which has 32 vertical planes, the arrangement of which is 
as follows, taking the nw quadrant as an example : 

n niw mw n?w nw nw? nw* nwt Ww 

M, MTj,, MT{, MT+, MT, M+T, MET, M347, T. 
«The signs +, if fas in all these symbols, indicate the great, 

greater, and greatest distance of the poles of the axes referred to, 

while the figures 2, 3, 4 indicate the great, greater, and greatest 
proximity of the poles to whose symbol they are added.” 

It would have been more satisfactory to us to have found occasion 
to commend this performance, instead of regretting as we do that so 
much time and labour should have been employed upon a system so 
little inviting in its notation, and affording so small a chance of 
finding readers. -— 

Elements of Chemistry, including the most recent discoveries and ap- 

plications of the Science to Medicine and Pharmacy, and to the 
Arts. By Roserr Kang, M.D., M.R.1.A., Professor of Natural 

Philosophy to the Royal Dublin Society, and of Chemistry to the 
Apothecaries’ Hall of Ireland, &c. Part I. Dublin, 1840, 8vo, 
pp. 856, with 120 wood-cuts. 

The following is an analysis of the first part of this work. 

Introduction.—Objects, Utility, and Origin of Chemistry. 

Chapter I. Or Graviry and Conestve Forces as cHARACTERIZING 
Cuemicat Susstancrs.—Specifie gravity of Liquids, Gases and Solids. 
Constitution of Matter. Infinite Divisibility. Ultimate Particles of Matter. 
Molecular Constitution. States of Aggregation. Limits of Cohesion. 
Capillarity. Elasticity of Gases. Correction for Pressure. Liquefaction 
of Gases. Solubility. Phanomena of Solution. Formation of Crystals 
by Fusion and Solution. Dimorphism. Crystallization. Primary and Se- 
condary Forms of Crystals. Systems of Crystallization. Regular System. 
Hemihedral Forms. Riombohedral System. Square, Right, and Oblique 
Systems. Doubly Oblique System. Pseudomorphism. Forms modified 
by Foreign Bodies. Isomorphism. Goniometers. 

Chapter II. Or tHE Propraties or Lignr as cuaracterizinc Cur- 
MICAL SuBstances.—Simple Refraction. Double Refraction. Crystalline 
Systems. Decomposition of Light. Prismatic Colours. Analysis by 
Absorption. Natural Colours of Bodies. Polarization of Light. Action 
of Crystallized Bodies on Polarized Light. Crystalline Systems known 
by Polarized Light. Macled Crystals. Circular Polarization. Rotative 
Power of Liquids. Plagihedral Crystals. Wave Theory of Light. Inter- 
ference of Light. Phosphorescence, Chemical Agencies of Light. Che- 
mical Rays in the Spectrum. 
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Chapter III.—Or Hear constpERED AS CHARACTERIZING CHEMICAL 
SupsTances. 

Sect. 1. Of Hxpansion,—Repulsive power of heat. Influence of co- 
hesion on expansion. Of the measure of heat. Nature of temperature. 
Construction and use of air-thermometers. Mercurial thermometer, its 
principle of correction. Determination of the standard interval. Con- 
struction of the various thermometric scales. Estimation of tempera- 
tures above the boiling point of mercury. Daniell’s pyrometer. Nobili’s 
thermo-multiplier, ‘lable of temperatures. Expansion of air. Results 
obtained by Dalton, Gay-Lussac, and Dulong and Petit. Rudberg’s cor- 
rection of them. Correction of volumes for change of temperature. De- 
termination of the expansion of liquids. Expansibility of liquids changes 
with the temperature. Determination of the expansion of sclids. Ex- 
pansibility of solids increases with the temperature: exceptions to this 
rule. Effects of the expansion of compound metallic bars. Metallic 
thermometer of Breguet. Compound pendulum. 

Sect. II. Of Specific Heat.—Method of mixtures. Process of Dulong 
and Petit. Researches of Lavoisier and Laplace. Calorimeter. Relation 
of specific heat and chemical constitution, Specific heats of atoms, 
Heat by chemical combination. Determination of the specific heats of 
gases, 

Sect. IIIf. Of Liquefaction.—Latent heat. Absorption of heat during 
liquefaction. Heat evolved in solidifying. Cold by liquefaction. Arti- 
ficial cold produced by frigorific mixtures. Nature of special heat. 

Sect. IV. Of Vaporization—Latent heat of vapours, Vaporization 
accompanied by: great increase of volume. Determination of the elasti- 
cities of vapours. Relations of vapours to temperature and pressure. 
Nature of the boiling point. Alterations of the boiling point with the 
superincumbent pressure, and the nature of the vessel. Apparent anoma- 
lous property of liquids. Sum of latent and sensible heat constant, 
Artificial cold produced by the evaporation of liquids. Spontaneous 
evaporation. Gases and vapours offer no resistance to each other’s elasti- 
city. Correction for moisture. Hygrometers. Moist bulb-hygrometer. 
Daniell’s hygrometer. Analogy of solution to vaporization. Steam asa 
moving power. Similarity of constitution of gases and vapours. Specu- 
lation on the boiling points of the condensed gases. 

Sect. V. Of the Transmission of Heat through Bodies Conduction of 
heat. Relative conducting power of solids and liquids. Communication 
of heat by gases. Communication of heat by diffusion and radiation. 
Properties of radiant heat. Of the radiating, absorbing, and reflecting 
powers of bodies. Researches of Melloni and Ferbes on radiant heat. 
Reflecting power of bodies as determined by Buff. Permeability of bodies 
to heat from sources of different temperatures, Analogy of heat to co- 
loured light. Polarization of heat. Relations between the physical con- 
stitutions of heat and light. Change of refrangibility of heat. 

Sect. VI. Of the Cooling of Bodies.—Equilibrium of temperature. Theory 
of dew and frost. Sources of terrestrial heat. Central heat of the Earth. 

Chapter 1V.—Or Etecrricity coNSIDERED AS CHARACTERIZING CutE- 
micat Susstances. Nature of electricity. Statical and dynamical elec- 
tricity. 

Sect. I. Of Statical Electricity—Electricity produced by friction. 
Conductors and insulators. Relative conducting powers. Velocity of 

‘motion of electricity, Distribution of electricity. Opposite conditions 
of excitation. Gold-leaf electroscope. Electrical attractions and repulsions, 
Neutralization of opposite electricities. Jaw of electrical attractions. 
Theories of electricity. ‘Theory of two fluids. Theory of one fluid. 

Phil. Mag. S. 3. Vol. 18. No. 117. April 1841. xX 
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Electrical machines. Theory of the electrical machine. Quadrant elec- 
trometer. Various modes of excitation. Excitation by induction. Theory 
of the prime conductor. Theory of the gold-leaf electroscope. Doublers 
and condensers. Construction and theory of the Leyden jar. Electro- 
phorus of Volta. Induction an action of contiguous particles. Specific 
inductive capacity. Lateral inductive action. Difference between con- 
ducting and non-conducting bodies. Relation of induction to conduction. 
Other sources of statical excitation. Atmospheric electricity. 

Sect. II. Of Dynamical Electricity. — Magnetic electricity, thermo- 
electricity, chemical electricity, animal electricity. Galvanic electricity. 
Conditions of the generation of a galvanic current. Simple galvanic cir- 
cles. Connexion of galvanic and chemical action. The direction of the 
current determined by the chemical action. Principle of electrotype 
copying. Compound voltaic circles. Theory of the voltaic battery. 
Relation of intensity and quantity. Statical action of the battery. 
Volta’s theory of contact. Chemical theory of the battery. Various 
forms of galvanic batteries. Interfering action of common zinc. Amal- 
gamation of zinc plates. Forms of constant batteries by Mullins, Daniell 
and Grove. Relative conducting powers of bodies for voltaic electricity. 
First discovery of galvanism. Various kinds of galvanoscopes. Zhermo- 
electricity. 'Thermo-electric currents. Production of cold by electricity. 
Construction of the thermo-multiplier of Nobili. agznetic electricity. 
Magnetism a form of electricity. Magnetic properties of iron and 
steel. Magnetic attraction and repulsion. Intimate structure of magnets. 
Magnetic properties of a galvanic current. Attraction and repulsion of 
currents. Electro-magnetism. Action of a galvanic current on a magnet. 
Astatic combinations of magnets. Construction of the galvanometer. 
Magneto-electric induction. 

Chapter V.—Or Cuemicat Nomenctature.—Table of simple bodies 
and their symbols. General principles of the Lavoisierian nomenclature, 
Construction of the names of simple bodies and primary compounds, 
Construction of the names of various classes of primary compounds. 
Names of secondary compounds. Ternary and quaternary compounds. 
Symbolical nomenclature. 

Chapter VI.—Or Curmicat AFFINITY, AND ITS RELATIONS TO Heat, 
to Licut, anD To Congsion.—Nature of chemical affinity. Principles of 
elective decomposition as characteristic of chemical affinity. Order of 
elective decomposition. Of double decomposition. Of quiescent and di- 
vellent forces. Order of affinity not constant. The power of affinity in- 
fluenced by external modifying causes. Characteristic distinctions be- 
tween affinity and cohesion. Diversity of chemical properties equally a 
cause and an effect of chemical action. Influence of external physical 
agents upon chemical affinity. 1. Influence of cohesion. Influence of 
cohesion on the order of chemical decomposition. Mode of arrangement 
of acids and bases which co-exist in solution. Distribution not invariable. 
2. Influence of elasticity. Change in the order of decomposition produced 
by cohesion and elasticity. Change in the order of decomposition pro 
duced by various modifying causes. Relation of affinity to neutralizing 
power. Influence of light on chemical affinity. Photographie drawing. 
Colouring effects of the chemical rays. Interference of the chemical rays. 
Theory of the formation of Daguerreotype images. 

Chapter VIJ.—Or tur Licut anp HEAT DISENGAGED DURING CHEMI- 
cat Comsination.—Nature of combustion. Products of slow combustion. 
Aphlogistic lamp. Action of spongy platina on gaseous mixtures. Con- 
struction of the platina gas-lamp. Constitution of flame. Blowpipe. 
Heating effects of flame. Cooling effects of apertures, Construction of the 
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safety-lamp. Determination of the quantity of heat evolved in perfect 
combustion. Experiments of Despretz and Hess. Theories of combustion 
preposed by Lavoisier and others. Heat of combination derived from the 
change of specific heat in combustion. 

Chapter VIII.—Or tHe Inrrvence or Exectriciry on CHEMICAL 
Arrinity.—Electro-chemical decomposition. Chemical affinity is elec- 
trical attraction. Electro-chemical classification. Electro-chemical theories 
proposed by Davy, Ampére, and Berzelius. Elements evolved not on 
attracting poles, but on the limiting surfaces of the liquid. Internal mo- 
lecular mechanism of electro-chemical decomposition. Phznomena of 
transfer described. Of electrolysis and electrolytes. Electro-chemical 
equivalents. The chemical voltameter. Molecular arrangement of the 
elements of the generating cell. Theory of galvanism. Origin of the gal- 
vanic current. Compound bodies formed by the current. Agency of weak 
currents in the production of compound bodies. Synthetic action of 
electricity. An electro-chemical theory proposed by the author. Theory 
of the relations of electricity and affinity. Electro-chemical theory pro- 
posed by Becquerel. Of the measure of affinity. 

Chapter [X.—Own tue Laws or Comsination.—Numerical determi- 
nation of chemical equivalents. Scales of chemical equivalents. Table of 
the equivalents of simple bodies. Double decomposition occurs in equiva- 
lent proportions. Equivalents of compound bodies. Law of multiple 
proportions. Researches of Pronot on the definiteness of composition. 
Methods of determining the equivalent constitution of bodies. Law of 
multiple proportions. Theory of volumes. Equivalent volumes of simple 
and of compound bodies. Calculations of the theoretical specific gravities 
of compound vapours. 

Chapter X.—Or tHe Rexations or CHEmicaL ConstTITUTION TO THE 
Motecurar Structore or Bons. 

Sect. I. Of the Atomic Theory.—Dalton’s theory of combination. Phy- 
sical and chemical atoms. 

LILI. Proceedings of Learned Societies. 

ROYAL SOCIETY. 
[Continued from p. 141.] 

Dec. 10, A MEMORANDUM, addressed to the Royal Society, 
1840. November 28th, 1840, by Martin Barry, M.D., F.R.S., 

L. & Ed., was read. 
Dr. Barry, in reference to the memorandum of Mr. Wharton Jones, 

claiming for himself the contemporaneous discovery of the germinal 
spot in the mammiferous ovum, states that, after having bestowed 
considerable pains to ascertain who was the original observer of a 
structure which has proved to be of great importance, he had men- 
tioned incidentally in his paper the result of his inquiry, namely, that 
the merit of the discovery was due to Professor Rudolph Wagner ; but 
observes that the inquiry may be resumed by all who will take the 
trouble to examine the works, both in German and English, on this 
subject ; and that he will ever be open to conviction, and ready to de- 
clare his change of opinion, on the production of sufficient evidence. 

A communication was also read, entitled ‘“‘ Supplementary Note 
to a Paper, entitled ‘ Researches in Embryology. Third Series; 

2 
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a Contribution to the Physiology of Cells.’”” By Martin Barry, M.D., 
F.R.S. L. & Ed.*. 

In the paper referred to, the author had shown, that after the ovum 
of the Rabbit has entered the Fallopian tube, cells are found col- 
lected around its thick transparent membrane or ‘‘ zona pellucida’’; 
which cells, by coalescing, form a thinner membrane—the incipient 
chorion. He now adds, that the formation of this thinner membrane 
does not exhaust the whole layer of these cells; but that a stratum 
of them is found remaining on, and entirely surrounding tlie ‘“‘ zona,” 
after the thinner membrane has risen from it. The fluid space also, 
between the ‘‘ zona” and the thinner membrane, presents a large 
number of cells or discoid objects, each of which contains a bril- 
liantly pellucid and highly refracting globule. In some parts, several 
of these discs, closely joined together, have the appearance of shreds 
of membrane ; in others, there are found pellucid globules, some of 
which are exceedingly minute. The discs now mentioned collect 
at the periphery, for the thickening of the chorion. They seem to 
proceed from the region of the “zona;” and probably have their 
origin in the cells by which the latter is surrounded. If so, the au- 
thor thinks we cannot suppose them to arise in any other way than 
that which, according to his observations, appears to be the universal 
mode of reproduction ; namely, by division of the nuclei of the pa- 
rent cells. Nor can we suppose that minuteness is any hinderance 
to their subsequent increase by the same means. 

December 17, 1840.—1. ‘‘ Present state of the Diamond Mines 

of Golconda.” By T. J. Newbold, Esq., of the Madras Army, A.D.C. 
to Major-General Wilson, K.B. Communicated by S. H. Christie, 
Esq., M.A., Sec. R.S. 

The author gives an account of the tract of country in which the 
diamond mines of Golconda are situated, and of the processes by 
which the diamonds are obtained. The latter consist merely in 
digging out the rolled pebbles and gravel, and carrying them to small 
square reservoirs, raised on mounds, having their bottom paved with 
stones, and then carefully washing them. Dry weather is selected 
to carry on these operations, in order to avoid the inconvenience and 

expense of draining. A description is then given of the mines of 
Banaganpully, Munimudgoo, Condapilly, Sumbhulpoor, and Poonah 
in Bundlekund. 

2. ‘‘ Magnetic-term Observations made at Milan.” By Professor 
Carlini, Director of the Observatory at: that place : also ‘‘ Magnetic- 
term Observations made at Prague.” By Professor Kreil, Director 
of the Observatory at that place. 

3. ‘On the Production of Heat by Voltaic Electricity.” By J. P. 
Joule, Esq. Communicated by P. M. Roget, M.D., Sec. R.S. 

The inquiries of the author are directed to the investigation of the 
cause of the different degrees of facility with which various kinds of 
metal, of different sizes, are heated by the passage of voltaic elec- 
tricity. The apparatus he employed for this purpose consisted of a 

* [An abstract of Dr. Barry’s Third Series of Researches in Embryology 
appeared in L. and E, Phil. Mag., vol. xvi. p. 526; vol. xvii. p. 885.—Ep17, | 
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coil of the wire, which was to be subjected to trial, placed in a jar 
of water, of which the change of temperature was measured by a very 
sensible thermometer immersed in it ; and a galvanometer, to indicate 
the quantity of electricity sent through the wire, which was estimated 
by the quantity of water decomposed by that electricity. The con- 
clusion he draws from the results of his experiments is, that the ca- 

lorific effects of equal quantities of transmitted electricity are pro- 
portional to the resistances opposed to its passage, whatever may be 
the length, thickness, shape, or kind of metal which closes the cir- 
cuit : and also that, ceteris paribus, these effects are in the duplicate 
ratio of the quantities of transmitted electricity ; and consequently 
also in the duplicate ratio of the velocity of transmission. He also 
infers from his researches, that the heat produced by the combustion 
of zinc in oxygen is likewise the consequence of resistance to electric 
conduction. 

The Society then adjourned over the Christmas recess, to meet 
again on the 7th of January next. 

January 7, 1841.—The following communication was read, viz.— 
“Variation of the Magnetic Declination, Horizontal Intensity, 

and Inclination observed at Milan on the 25rd and 24th December 
1840.” Communicated by Professor Carlini, Director of the Milan 

Observatory. 
A paper was also read, entitled, ‘‘ On the Chorda dorsalis.” By 

Martin Barry, M.D., F.R.SS. L. & E. 
The author of this communication, after pointing out the similarity 

in appearance between an object noticed by him in the mammiferous 
ovum, and the incipient chorda dorsalis described by preceding ob- 
servers in the ova of other Vertebrata, mentions some essential dif- 
ferences between his own observations and those of others as to the 
nature and mode of origin of these objects, and their relation to sur- 
rounding parts. Von Baer, the discoverer of the chorda dorsalis, 

describes this structure as “ the axis around which the first parts of 
the foetus form.” Reichert supposes it to be that embryonic struc- 
ture which serves as ‘‘ a support and stay”’ for parts developed in 
two halves. The author’s observations induce him to believe that, 

instead of being ‘“‘ the axis around which the first parts of the foetus 
form,” the incipient chorda is the last-formed row of cells, which 
have pushed previously-formed cells farther out, and that, instead of 
being merely “a support and stay” for parts developed in two 
halves, the incipient chorda occupies the centre out of which the 
“two halves”’ originally proceeded as a single structure, and is it- 
self in the course of being enlarged by the continued origin of fresh 
substance in its most internal part. 

The author enters into a minute comparison of the objects in ques- 
tion ; from which it appears that the incipient chorda is not, as Baer 
supposed, developed into a globular form at the fore end, but that 
the linear part is a process from the globular; and that the pellucid 
cavity contained within the latter—a part of prime importance, being 
the main centre for the origin of new substance—is not mentioned 
by Von Baer. Farther, that the origin of the ‘ laminz dorsales ” 
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of this naturalist (the “‘ central nervous system”’ of Reichert) is not 
simultaneous with, but anterior to, that of the chorda. 

The author then reviews the observations of Rathke and Reichert 
on the chorda dorsalis, which contain internal evidence, he thinks, 
of a process in the development of Fishes, Reptiles, and Birds, the 
same as that which he has observed in Mammalia; namely, the ori- 
gin of the embryo out of the nucleus of a cell. 

And it is his opinion that this observation may assist to solve a 
question on which physiologists are not agreed ; for it shows, that if 
the nucleus of a cell is a single object, the first rudiments of the 
embryo are not two halves. The author thinks that unless the very 
earliest periods are investigated, it is in vain that we attempt to 
learn what that is, of which the rudiments of the embryo are com- 
posed. From not attending to this, physiologists have supposed 
their ‘‘ primitive trace” to arise in the substance of a membrane, 
which the author, in his second series on the embryo*, showed could 

not be the case. To the same cause he thinks is referable an opinion 
recently advanced by Reichert, that the first traces of the new being 
are derived from cells of the yelk. 

January 14.—A paper was read, entitled, ‘‘On the Corpuscles of 
the Blood.”” Part I]. By Martin Barry, M.D., F.R.SS. L. and E.+ 

The observations recorded in this memoir are founded on an ex- 
amination of the blood in every class of vertebrated animals, in some 
of the Invertebrata, and in the embryo of Mammalia and Birds. The 
nucleus of the blood-corpuscle, usually considered as a single object, 
is here represented as composed, in some instances, of two, three, 

or even many parts; these parts having a constant and determinate 
form. In the substance surrounding the nucleus, the author has 
frequently been able to discern, not merely ‘‘ red colouring matter,” 
but cell-like objects ; and he points out an orifice as existing at cer- 

tain periods in the delicate membrane by which this substance is 
surrounded. In a former memoir he had differed no less from pre- 
vious observers regarding “cells.” He had shown, for instance, 
that the nucleus of the cell, instead of being “ cast off as useless, 
and absorbed,” is a centre for the origin, not only of the transitory 
contents of its own cell, but also of the two or three principal and 
last-formed cells, destined to succeed that cell; and that a separation 
of the nucleus into two or three parts, is not, as Dr. Henle had sup- 
posed in the case of the Pus and Mucus-globule (the only instances 
in which the separation in question had been observed), the effect 
of acetic acid, used in the examination,—but that such separation is 
natural, apparently common to nuclei in general, and forming part 
of the process by which cells are reproduced. The author had 
farther shown the so-called nucleolus to be not a distinct object ex- 
isting before the nucleus, but merely one of a series of appearances 
arising in succession, the one within the other, at a certain part of 

the nucleus, and continuing to arise even after the formation of the 

* [See L. and E. Phil. Mag., vol. xiv. p. 493.—Ep1r. } 
+ [For a notice of Part I. of this memoir, see vol. xvii. p. 300 .—Eprr.} 
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cell. These views he now confirms; and in the present paper shows 
that they admit of being extended to the corpuscles of the blood. 

He then compares appearances observed in the latter with those 

he had traced in the ovum. These relate to the number of parts of 

which the nucleus is at different periods composed,—the nature of 
the nucieolus,—the communication between the nucleolus and the 

exterior of the cell,—the formation of the contents of the cell out of 

the nucleus,—the final division of the nucleus into the foundations 

of a limited number of young cells, destined to succeed the parent 
cell,—and the escape of the young cells for this purpose. It follows 
from these investigations, that the corpuscles of the blood are gene- 

rated by a process essentially the same as that giving origin to those 
cells which are the immediate successors of the germinal vesicle, or 
original parent cell; it being also by a continuation of the same 
process that the corpuscle of the blood divides itself into the minuter 
objects figured by the author in his former paper on the blood. 

He adds, that in its form and internal state, the blood-corpuscle 

found in the adult of certain animals, very much resembles that ex- 

isting only in the feetal life of others. It is incidentally remarked, 
that the foetal brain, at certain periods, appears to consist almost 
entirely of objects very much resembling those which, in some stages, 
form the nuclei in the foetal corpuscles of the blood. 

The author concludes, by expressing his opinion, that the mode 

of evolution of the minute mammiferous ovum is deserving of close 

attention, in connexion with some of the processes by which nourish- 
ment is communicated, and the growth of the body effected, at all 
future periods of life. 

January 21.—A paper was in part read, entitled, ‘‘ On the action 

of certain Inorganic Compounds, when introduced directly into the 
Blood.” By J. Blake, Esq., M.R.C.S. Communicated by P. M. Roget, 
M.D., Sec. R.S. —— 

GEOLOGICAL SOCIETY. 

[Continued from vol. xvii. p. 542. ] 

April 29, 1840.—A paper was first read, “On a few detached 

places along the coast of Ionia and Caria; and on the island of 

Rhodes ;” by William John Hamilton, Esq., Sec. G.S. 

The localities described in this paper are, 1. Fouges (anc. Phoceea); 

2. Ritri (anc. Erythre); 3. Sighajik (anc. Teos); 4. Scalanuova, 

near Ephesus; 5. Boodroom- (ane. Halicarnassus); 6. Cnidus; 7. 

Island and shores of the Gulf of Syme; and 8. Rhodes. 

1. Fouges is situated in a small bay at the northern extremity of 

the Gulf of Smyrna, and all the formations in its neighbourhood ex- 

amined by Mr. Hamilton are volcanic. On the north side of the 

bay, a range of hills, from 300 to 400 feet high, extends several miles 
to the eastward, and consists in the uppermost part, of beds of smooth 

semivitrified red and gray trachyte, containing numerous cavities 

lined with mammillated chaleedony. The trachyte passes down- 

wards into a soft, white, pumiceous sandy rock. ‘The greater part 

of the hills to the north of the bay are composed of the same for- 

mation, traversed, in several places by north and east, narrow trap- 
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dykes, which have altered the adjacent rocks into an imperfectly 
banded jasper. About one mile to the north-east of Fouges, Mr. 
Hamilton noticed a mass of black hornstone, and to the west and 
north-west, near the water’s edge, trappean and amygdaloidal rocks, 
overlaid by the pumiceous sandstone. 

2. Ritri is situated on the shores of the bay of Erythra, opposite 
the island of Scio ; and the geological structure of the neighbouring 
district consists of red crystalline, apparently stratified trachyte, and 
of blue or gray, more or less, crystalline limestone, with associated 

sandstone. The two latter rocks are of anterior date to the trachyte, 
but Mr. Hamilton could not determine their relative geological age, 
as they appear to be destitute of organic remains. The beds of lime- 
stone are sometimes vertical. On the shore near the Acropolis the 
author noticed also vertical strata of indurated shale and jasper, and 
near the juncture of the trachyte and limestone, to the north of the 
Acropolis, that the caleareous beds were much shattered. The two 
long islands which form the anchorage, are also composed of blue 
semi-crystalline limestone, without traces of bedding. 

3. Sighajik.—A rich alluvial plain, connecting the harbours of 
Sighajik and Teos, gradually rises to the eastward, towards the 
mountainous district, which extends to Smyrna. To the west the 
plain is separated from the sea by a range of hills composed of 
thickly-bedded, white, cretaceous limestone, resembling closely the 
limestone near Smyrna, described by Mr. Strickland*. In some 
places it is underlaid by beds of sandstone, and sand containing cal- 
careous concretions. Just above the ruins of Teos, the limestone is 
very thinly bedded, with slightly micaceous marly way-boards, the 
inclination of the strata being 15° to the west ; and near the ancient 
harbour the white limestone is underlaid by a hard, brown, micaceous 
sandstone, associated with beds of hard nodular limestone, evidently 
belonging to a much older formation. Low undulating hills of this 
sandstone bound the plain to the north-west. One of the two insu- 
lated remarkable hills, seen from the anchorage, also consists of it, 
the other being composed of vertical beds of blue marble, probably 
belonging to the same formation. To the north-west of the plain, 
this marble passes into a beautiful breccia, associated with strata of 
brown sandstone. Mr. Hamilton saw no igneous rocks zn situ, but 
numerous blocks of greenstone are scattered about the country. 

4. Sealanuova.—This town stands upon an insulated hill of blue 
semi-crystalline limestone, part of the western chain of Mount Mes- 
sogis. The limestone is similar to that which occurs near Ephesus 
and Mount Prion, where it is associated with beds of yellow mica- 
ceous sandstone. 

5. Boodroom.—The castle is built upon an insulated rock of simi- 
lar limestone, connected with beds of argillaceous shale, of various 
colours. The hills to the north of the town, and on which are trace- 
able the walls of the Acropolis of Halicarnassus, consist of the same 
formation, interstratified at one point with thin projecting bands of 

* Geol. Proceedings, vol. ii. p. 538; (or L. and E, Phil. Mag., vol. xi. 
p, 202) Geol. Trans., 2nd Series, vol. v. p, 393. 
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siliceous limestone. The low hills near the shore, and on which the 
ruins of Halicarnassus stand, are composed of horizontal beds of 
voleanic sand and trachytic conglomerate, formed chiefly of angular 
fragments of brown porphyritic trachyte. Five or six miles to the 
south-west of Boodroom is the conical hill of Chifoot-Kaleh, 1000 
feet high. It consists entirely of reddish trachyte ; and all the coun- 
try between it and Boodroom is composed of trachyte or trachytic 
conglomerates. The hills to the west of Chifoot-Kaleh are also tra- 
chytic, with indications of columnar structure. Trachyte likewise 
forms part, if not all, the promontory of Karabaghla, and the islets 
to the westward of it. The north-east dip of the limestone of Bood- 
room, Mr. Hamilton thinks, may be owing to the protrusion of the 
igneous rocks of Karabaghla and Chifoot-Kaleh. The shore 
abounded in‘one place with pebbles of pumice. 

6. Cnidus is situated near the extremity of Cape Krio, the west- 
ern end of the south shore of the Gulf of Cos. The whole peninsula 
is formed of blue semi-crystalline limestone, shale and sandstone, 
the strata dipping near the extremity of the promontory 45° to the 
south-west, but increasing to a higher angle towards the east-north- 
east. 

The following is given by Mr. Hamilton as the general structure 
of the country :— 

Summit of the peninsula towards the west, thin-bedded calcareous 
shale and blue limestone, thickly bedded and cavernous. Eastward 
of the ruins, it is in some places interstratified with a hard greenish 
sandstone, resembling graywacke. The sides of the hills are oc- 
casionally obscured, by a loose limestone breccia of more modern 
origin. 

The hills rise rapidly towards the east and north-east, and at the 
distance of two miles exceed 2000 feet in height. Their summit is 
a narrow ridge, a quarter of a mile in length from north-west to 
south-east, and consists of laminated calcareous shales, dipping 45° 
to the south-west. These shales present a very steep escarpment 
towards the north-east, but are overlaid towards the south-west by 
the blue limestone. 

7. Island and shores of the Gulf of Syme.—The Gulf of Syme is 
separated from that of Cos by a narrow isthmus. The island is an 
uniform mass of grayish-white compact scaglia, with occasional 
bands and nodules of siliceous limestone. In some places the lime- 
stone is thickly bedded, but in others thinly, with way-boards of 
marl ; and in one locality it was observed to rest on greenish sand- 
stone. ‘The thinner-bedded variety is sometimes reddish, and re- 
sembles the limestone of Mount Atairo, in the island of Khodes. 
The strata are occasionally horizontal ; but on the brow of the high 
table-land above the town of Syme and in other districts they are 
inclined from 30° to 35° to the north and north-north-west: and 
beyond the harbour of Panermiotis 20° to the south and south-south- 
east. Mr. Hamilton found no organic remains in the island. 

The southern shore of the Gulf consists of the same whitish com- 
pact scaglia, with nodules of flint and jasper. Some portions of it are 
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a breccia, composed of fragments of white limestone in a pale red 
paste, or of red limestone in a white paste. At the eastern extre- 
mity of the Gulf, a thinly bedded limestone alternates with bands of 
pale red jasper, the strata dipping 50° north-west; but in some 
places they are curiously contorted. The jasper increases in quantity 
towards the north-west, the limestone becoming less prominent. 
Mr. Hamilton did not land on the north side of the Gulf, but several 
points appeared to him, viewed from the sea, to consist of a brown 
arenaceous conglomerate. 

8. Rhodes.—The northern half of the island, the portion visited 
by the author, consists chiefly of tertiary marine deposits, of se- 
condary limestone and of scaglia, with sandstones and conglome- 
rates, No igneous rocks were observed zm stu, but numerous 
pebbles of greenstone and other traps were noticed in the conglo- 
merates near the centre of the island. 

TERTIARY STRATA.—These consist of a shelly testaceous lime- 
stone, sandstone, and conglomerates, and extend in a zone of varia- 
ble breadth, having a quaquaversal dip, along those parts of the 
island visited by the author. At the north-east end, the tertiary strata 
rise into high and considerable hills, which stretch across the island 
from east to west. 

The following is the order of succession :— 
1. Summit of the hills three miles, south-south-west of the town 

of Rhodes. 

Sandy gravel and conglomerate consisting of Feet. 
pebbles of staglia.. 2... >. wet kes 2s -- 10043 

Fine sand, with indications of false stratifica- 
tions, true dip 5° north-east....... att egm. 10 to 15 

RSTAVEN gee pea cM CFA BAP AR OE ers 
Sand, with perpendicular veins of marl...... 10 to 12 
Sand, with concretions of marl ............ 
Sand, with bands of marl ............ Wee 

2. These beds repose on an extensive formation (considered to 
be from 200 to 300 feet thick) of yellow, calcareous, shelly conglo- 
merate, the beds of which dip 10° to north-east. It contains nume- 
rous shells of the genera Pecten, Cardium and Venus, and it is the 
stone principally used in masonry. It extends to the town of Rhodes, 
and re-appears to the south of the table-land in nearly horizontal 
beds, some of which are very arenaceous. It is extensively de- 
veloped in several places along the coast, as far as Lindo, where 
it rests unconformably against the secondary limestone. 

3. A bed of sandy marl, containing thin bands of calcareous marl. 
Thickness not great. 

4. A thick bed of conglomerate and gravel, extending a consider- 
able distance to the south and south-west, and rising into lofty hills, 
which form steep and broken cliffs on the ,western coast of the 
island, several miles from Rhodes. It thins out gradually further 
south, resting at the entrance of a deep valley, upon upraised beds 
of blue and white scaglia and sand. 
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Near Archangelo, half-way between the town of Rhodes and 
Lindo, a similar system of tertiary rocks is extensively developed. 

About one mile north of Lindo Mr. Hamilton noticed between 
the tertiary and secondary series a thick bed of large limestone peb- 
bles, with sometimes quartz pebbles and boulders, cemented by a 
hard calcareous paste. This conglomerate rests immediately on 
the blue limestone, filling up its interstices ; and it is considered by 
Mr. Hamilton to be the lowest tertiary deposit. 

Seconpary Rocxs.—The greater part of Rhodes consists of sca- 
glia, generally considered to be the equivalent of the cretaceous sy- 
stem of Europe. It is composed, (1.) of red and brown sandstones 
with conglomerates ; (2.) of whitish gray and red scaglia limestone ; 
and (3.) of blue limestone; but the last deposit Mr. Hamilton 
considers to belong to a different epoch. 

1. The sandstones and conglomerates occur near the centre of 
the island, and apparently form the upper division of the deposit. 
A red conglomerate, which is found between Apollona and Embona, 
dips 50° to the south-south-west, and rests conformably upon whitish- 
gray scaglia. At the same locality exist indurated red marls and 
sandstone grits; and at the north-north-west foot of Mount Atairo 
is another bed of conglomerate, containing chiefly boulders of green- 
stone, and a greenish granular rock, but inclosing also rounded 
masses and pebbles of the gray scaglia of the neighbouring hills. 
The greenstone was not seen by Mr. Hamilton in situ. 

2. The scaglia limestone is chiefly developed in the lofty ridge of 
Mount Atairo (anc. Mons Atabyrius), which is from 3500 to 4000 
feet in height. The summit is a narrow ridge about two miles 
long, extending from north-east to south-west, or nearly in the di- 
rection of the axis of the island. The bed dips from 15° to 20° to 
the south-east. The upper portion consists of thick-bedded gray 
scaglia, without flints; lower down occurs a thinly-laminated lime- 
stone, with tabular masses or beds of flint; and still lower, the beds 
are again thicker and the flints are nodular. The total vertical di- 
mensions of these deposits is from 800 to 900 feet. Beneath them, 
the scaglia is interstratified with a red marly limestone, and further 
down the hill are thick beds of scaglia without flints. Below the 
village of Embona, situated to the north-west of the mountain, a 
greenish compact sandstone crops out from beneath the limestone 
of Mount Atairo, and dips to the south-east. The range of hills 
to the north-north-east consists also chiefly of the gray limestone, 
which rests on the red and brown sandstones. Mr. Hamilton did 
not ascertain how far the formation ranges to the north-west. 

The Acropolis of Camiro, on the east coast of the island, and six 
miles north of Lindo, stands upon an insulated table-rock of whitish 
compact scaglia, encircled at its base with tertiary strata. 

8. The blue limestone is classed provisionally by Mr. Hamilton 
with the secondary rocks ; but he is of opinion it may be of the same 
age as the limestone of Halicarnassus, and belong to a much older 
system. It occurs extensively along the east coast, particularly near 

indo, where it forms high and steep hills, against which remnants 
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of horizontal strata of tertiary limestone rest at a considerable height. 
The Acropolis of Lindo is situated upon beds of it, having an incli- 
nation of 20° to 25° to the north-west. It occurs likewise further 
north, between Rhodes and Archangelo, where it forms the high 
ridge of hills about two miles from the shore, and the low ridge of 
rocky islets in the middle of the plain, and parallel to the coast. 

OxverR Rocxs.—The only locality at which these are satisfac- 
torily shown, is half-way between Archangelo and Lindo, and close 
to the shore at the bottom of a deep bay. At this point the blue 
limestone, which in its lowest beds is hard and siliceous, and dips 
between 60° and 70° to the north-west, is underlaid constantly by 
a hard, black, schistose, crystalline rock, like the limestone of the 
Bosphorus. 

In conclusion, Mr. Hamilton gives the following general state- 
ments: 1. The scaglia is more abundant in Rhodes and the south 
of Asia Minor than further north, and is apparently a prolongation 
of the scaglia which constitutes the mass of Mount Taurus. Num- 
mulites have been found in it near Adalia, and Mr. Hamilton ob- 
tained near Deenair a species resembling one found in the scaglia of 
the Ionian Islands. 2. Igneous rocks are much more rare towards 
the south, and do not appear so often associated with the scaglia as 
with the older limestones. 3. Trachyte and other igneous products 
almost constantly accompany the blue semi-crystalline limestone, as 
at Erythreea and Boodroom. 4. In the absence of organic remains, 
Mr. Hamilton hesitates to state positively whether the blue lime- 
stone is an altered rock, or is an older formation which has been 
raised to the surface; but he is inclined to adopt the latter opinion, 
in consequence of the resemblance of the limestone to that near 
Constantinople, which is associated with schists, containing trans- 
ition fossils. 

A letter from Mr. Ottley, of Exeter, was then read, “On some 
specimens from the new red sandstone,” considered by the writer to 
be casts of Alcyonia. 

The specimens alluded to in this letter were found by Mr. Par- 
ker in a quarry about two miles from Exeter, in the road towards 
Bath. In the lower part of the quarry coarse sandstones and fine 
conglomerates occur, and in the upper a flat, flaggy sandstone. The 
beds dip 10° or 12° to the south-east. Interstratified with the con- 
glomerate is a looser red sandstone, in which the branched concre- 
tions, considered to be of alcyonic origin by Mr. Ottley, principally 
occur; but they have been found also in the conglomerates, and the 
sandstone of the upper part of the quarry. 

A paper was afterwards read, entitled, “ Description of the re- 
mains of a Bird, Tortoise, and Lacertian Saurian, from the Chalk ;” 
by Richard Owen, Esq., F.G.S. 
Bird.—The three portions of Ornitholite were obtained by Lord 

Enniskillen from the chalk near Maidstone, and were recognised by 
him and Dr. Buckland as belonging to some large bird. One of 
the bones is nine inches in length, and has one extremity nearly en- 
tire, though mutilated, but the other is completely broken off, The 
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extremity, partially preserved, is expanded. The rest of the shaft 
of the bone has a pretty uniform size, but is irregularly three-sided, 
with the sides flat and the angles rounded: its circumference is two 
inches and a quarter. The whole bone is slightly bent. The spe- 
cimen differs from the femur of any known bird, in the proportion 
of its length to its breadth; and from the tibia or metatarsal bone, 
in its triedral figure, and the flatness of the sides, none of which are 
longitudinally grooved. It resembles most the humerus of the Al- 
batross in its form, proportions and size, but it differs in the more 
marked angles bounding the three sides. The expanded extremity 
likewise resembles the distal end of the humerus of the Albatross, 
but it is too mutilated to allow the exact amount of similarity to be 
determined. 

On the supposition that this fragment is really a part of the hu- 
merus, Mr. Owen says, its length and comparative straightness would 
prove it to have belonged to a longipennate natatorial bird, equalling 
in size the Albatross. 

The two other portions of bone have been crushed ; but Mr. Owen 
states that they belong to the distal end of the tibia, the peculiar 
strongly-marked trochlear extremity of which is well preserved. 
Their relative size to the preceding bone, supposing that specimen 
to be part of a humerus, is nearly the same as in the skeleton of the 
Albatross. There is no bird now known north of the Equator with 
which the fossils can be compared. 

Tortoise-—The remains of the Chelonian Reptile consist of four 
marginal plates of the carapace, and some small fragments of the 
expanded ribs. The marginal plates are united by the usual finely- 
indented sutures, and each is impressed along the middle of its up- 
per surface with a line corresponding to the margin of the horny 
plate which originally defended it. The external edge of each plate 
is slightly emarginated in the middle. These plates are narrower 
in proportion to their length than in any of the existing marine Che- 
lonia; and they deviate still more in the character of their internal 
articular margin, from the corresponding plates of terrestrial Che- 
lonia; but they sufficiently agree with the marginal plates of the 
carapace of the Emydes, to render it most probable that these cre- 
taceous remains are referable to that family of Chelonia which live 
in fresh water or estuaries. 

Lacertian Saurian.—This fossil belongs to the collection of Sir 
Philip Egerton ; and it consists of a chain of small vertebrz in their 
natural relative position, with fragments of ribs and portions of an 
ischium and a pubis. 

The bodies of the vertebre are united by ball and socket-joints, 
the socket being on the anterior and the ball on the posterior part 
of the vertebra; and they are further proved to belong to the Sau- 
rian class of reptiles by the presence of many long and slender ribs, 
as well as by the conversion of two vertebre into a sacrum, in con- 
sequence of the length and strength of their transverse processes. 
The remains of the ischium and the pubis are connected with the 
left side of the sacrum, proving incontestably that this reptile had 
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hinder extremities as well developed as in the generality of Sau- 
rians. Of these extremities, as well as of the anterior and of the 
head, there are no traces. 

Mr. Owen then proceeds to determine to which division of Sau- 
rians, having ball and socket vertebral joints, the fossil should be 
referred. In the Crocodilian or Loricate group, the transverse costi- 
gerous processes are elongated, and three, four, or five of the verte- 
bre which precede the sacrum are ribless, and consequently reck- 
oned as lumbar vertebrz: in the Lacertian Sauriz there are never 
more than two lumbar vertebrae, and those which have ribs support 
them on short convex processes or tubercles. 

In the fossil from the chalk, the ribs are articulated with short 
processes of the kind just mentioned, resembling tubercles, and they 
are attached to the sides of the anterior part of all the vertebra, 
except the one immediately preceding the sacrum. These charac- 
ters, Mr. Owen says, in conjunction with the slenderness and uni- 
form length of the ribs, and the degree of convexity in the articular 
ball of the vertebrae, prove incontestably, that the fossil is part of a 
Saurian, appertaining to the inferior or Lacertian group. 

The under surface of the vertebrz is smooth, concave in the axis 
of the spine, and convex transversely. As there are twenty-one 
costal vertebre anterior to the sacrum, including the single lumbar, 
the fossil, Mr. Owen observes, cannot be referred to the genera 
Stellio, Leiolepis, Basiliscus, Agama, Lyriocephalus, Anolis, or Cha- 
meleon, but that a comparison may be instituted between it and the 
Monitors, Iguanas, and Scinks. In conclusion, he states, that in the 
absence of the cranium, teeth, and extremities, any further approxi- 
mation of the fossil would be hazardous, and too conjectural to yield 
any good scientific result. 
May 13, 1840.—A memoir was commenced “On the Classification 

and Distribution of the Older or Paleeozoic Rocks of the North of Ger- 
many and of Belgium, as compared with formations of the same age 
in the British Isles ;’ by the Rev. Prof. Sedgwick, F.G.S., and Ro- 
derick Impey Murchison, Esq., F.G.S. 

—— 

CAMBRIDGE PHILOSOPHICAL SOCIETY. 

At a meeting of this Society, held on Monday evening, March 
8th, Dr. Hodgson, the President, in the Chair. 

A communication was made by Mr. Tozer, of Caius College, on 
some mathematical formule for determining the permanent effects 
of Emigration and Immigration on numbers. The solution involves 
a consideration of all those causes by which the duration of life, or 
the rate of its production, may be affected, which may be called into 
operation by the transfer. 

Where all the elements are constant the numbers of a people, 
after a given time, may be determined by the solution of an equation 
of finite differences in which the coefficients are constant ; the pro- 
bable change in the value of those coefficients may, when the data 
are sufficient, be calculated by a method suggested by Laplace. 

Where the data are insufficient for the complete solution of the 

| 
q 
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problem, Mr. Tozer considers the attempt at accurate investiga- 
tion to afford the best means of analysing the processes which the 
mind employs in arriving at its conclusions, when the correctness or 
incorrectness of those conclusions is incapable of demonstration; and 
by showing where the data are insufficient, of suggesting the nature 
of the observations by which they may be supplied, and thus of 
gradually approximating the science to which the problem belongs 
to the demonstrative sciences. 

Scientific Works lately published. 
Taylor's Scientific Memoirs—Part VIII. completing the Second 

Volume. 
Catalogues of the Miscellaneous Manuscripts and of the Manue 

script Letters in the possession of the Royal Society. 
The Philosophical Transactions. Part II. 1840. 
A Description of British Guiana, Geographical and Statistical : 

exhibiting its Resources and Capabilities, together with the present 
and future Condition and Prospects of the Colony. By Robert H. 
Schomburgk, Esq. 

On the Heat of Vapours and on Astronomical Refractions. By 
Sir J. W. Lubbock, Bart. 

METEOROLOGICAL OBSERVATIONS FOR FEB. 1841. 
Chiswick.—Feb. 1. Snowing. 2. Snow-showers. 3. Frosty: dry and cold: 

very severe frostat night. 4, Frosty: overcast. 5. Dry cold haze: windy at 
night. 6. Boisterous. 7, Boisterous: hazy and cold. 8—11, Hazy and cold. 
12. Dense fog: very fine: rain. 13, Overcast: rain. 14. Rain: cloudy. 15. 
Cloudy: slight rain, 16,17, Hazy. 18. Fine. 19. Rain: cloudy and fine. 
20. Cloudy and fine: rain. 21. Overcast and fine. 22. Dense fog. 23. Hazy: 
rain, 24, Hazyandcold. 25. Cloudy and cold: rain, 26. Rain. 27. Cloudy : 
rain. 28. Very clear : cloudy and fine. 

Boston.—Feb. 1. Cloudy: snow a.m. and r.m., 2. Fine: snow early a.m. : 
snow p.m. 3, Cloudy: snow early a.m.and p.m. 4,5. Cloudy. 6, 7. Stormy, 
8. Cloudy: snowr.m. 9,10, Cloudy, 11—13. Cloudy: rain p.m. 14, Cloudy. 
15. Cloudy: rainr.m. 16, Cloudy. 17, Rain. 18,19. Cloudy. 20, 21. 
Fine. 22, 23. Foggy. 24. Rain. 25. Cloudy: rainp.m. 26. Rain: rain pm, 
27. Rain. 28. Fine. 

Applegarth Manse, Dumfries-shire—Feb. 1, 2. Sprinkling of snow: frost ym. 
3. Snow-showers: frost. 4. Frost: fair but cloudy. 5. Frost: sprinkling of 
snow. 6. Frost: occasional snow-showers. 7. Frost: severe and cold. 8, 9. 
Frost: cold and withering. 10. Frost, but giving way. 11. Thaw and heavy 
rain: sleet. 12. Fog: rain: fine thaw. 13. Rainall day. 14. Rain in the 
evening: mild. 15, Rainallday. 16,17. Fair but cloudy. 18. Wet all day. 
19, Clear and cold. 20, Fine. 21, 22. Fine, but cloudy. 23. Rain a.m: 
moist p.m. 24. Clear andcold. 25. Cloudy and threatening rain. 26. Cloudy 
with high wind. 27. Frost in the morning. 28. Frost in the morning with 
snow on the hills. 

Sun shone out 19 days. Rain fell 8 days, Frost 11 days. Snow 6 days. 
Wind north 1 day. North-east 8days. East-north-east 2days. East 2 days. 

East-south-east 1 day. South-east 4 days. South 4 days. South-west 2 days. 
West 1 day. North-west 1 day. North-north-west 2 days. 

Calm 6 days. Moderate 11 days. Brisk 4 days. Strong breeze 4 days. 
Boisterous 3 days. 

Mean temperature of the month ............ 36°50 
Mean temperature of February 1840 ...... 36 °78 
Mean temperature of spring-water ......... 42 60 
Mean temperature of spring-water,Feb,1840 44 *16 
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LIV. Remarks on Professor Challis’s Reply to Mr. Airy’s Od- 
jections to the Investigation of the Resistance of the Atmo- 
sphere to an Oscillating Sphere. By Grorce Brppe.y 
Airy, Esq., M.A., F.R.S., Astronomer Royal. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, ; 

I HAVE not had leisure earlier to notice the remarks of 
Professor Challis in your February Number, upon my ob- 

jection to his investigation of the resistance to a spherical 
body oscillating in an elastic medium. I beg to express my 
sense of the courtesy with which Professor Challis has replied 
to my objection, and to avow my opinion-that a discussion 
conducted in this manner cannot but be advantageous to the 
interests of science. With this feeling, I think it right again 
to state that the considerations urged by Professor Challis in 
his last communication, do not at all remove my objection to 
the fundamental parts of his investigation. And I trust that, 
by putting my own reasoning in a different form, I shall be 
able to show, to the satisfaction of Professor Challis, that the 
solution which he has adopted for expressing the movement 
of the particles of air surrounding the ball, is untenable. 

The reasoning of a mixed nature upon which Professor 
Challis has founded and supported his investigation, and 
upon which also I have objected to it, is (if I may use such a 
term) extremely hazardous, I mean by this expression to as- 
sert, that, unless managed with the greatest caution, it is apt 
to introduce or to conceal important errors of principle. I 
shall, therefore, abandon this kind of reasoning, and shall 

Phil. Mag. S. 3. Vol. 18. No, 118. May 1841. » 
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confine myself to another mode of investigation, of which the 
results will be beyond doubt, namely, that by rectangular co- 
ordinates. 

The point in dispute may be well stated in ProfessorChallis’s 
words: I have certainly considered it possible that the velo- 
city of the fluid at a given distance from the centre to or from 
which it is directed, may, at a given instant, be different in 
different directions from the centre, provided there be no 
abrupt variation.” 

Now I undertake to show that, 
1st. If the motion of the particles be directed to or from a 

centre (or approximately so, the whole investigation being 
approximate), the motions must be the same in all directions, 
in phase as well as in coefficient. 

2nd. If, in order to support Professor Challis’s expression 
for the movement of the particles to or from a centre, we 
suppose other movements perpendicular to these radii to 
coexist, then it will be shown that the possibility of such a 
combination of movements is not proved, and that (as it de- 
pends upon finding two quantities which shall satisfy three 
equations) the presumption is, that it is impossible. 

I proceed now with the investigation. 
If u,v, w, be the velocities in the directions 2, y, z, of a 

particle which at the time ¢ has the coordinates 2, y, 2 (those 
velocities being expressed in terms of 2, y, z, and 7), and if 
e be the density at that point and p the corresponding press- 
ure, and if g = &p; the equations to the motion of that 
particle (no accelerating force being supposed to act) are the 
following : 

Dap et. edits ond ge aoe 
Dis BBicity | Gt dex dy dz 

lap__dv_ do, _dv,_ dv, 
Pedy SYOW NE dz dy dz 

1 dp__dw_ dw, dw, dw, 
DMZ we istythe dx dy dz 

dels gatas ope yl Gepgka dupe 
dt dx dy dz 

These equations are rigorous. If, however, we confine 
ourselves to quantities of the first order of the displacements 

- : du _du ; 
and velocities: since u 5-50 dy’ &c. are evidently of the 

du 
ork pu aa 

: d d 
second order: and since u ao or ku a 



on the Resistance of the Atmosphere to an oscillating Sphere. 323 

+u aa tke.) is a quantity of the second order: the equa- 

tions are reduced to these: 

d.log p ebay fd top 
Ce oa dt 

d. log p ne iyi fh D 
dy ws dt 

d.logp _ dw 

Pat Per eee 

d.logp _ du _dv_ dw 

dt Fite eee dy dz 

And the method of testing the possibility of any assumed 
system of movement, or of discoyering the conditions which 
must be satisfied by the system of movements, will be, to form 
the expressions on the right-hand side of these equations, and 
to try whether they satisfy the equations which must hold 
among the four differential coefficients of the same quantity, 

I. Now suppose the whole velocity of the particle a, Us 25 
to be directed from the centre, and at the time ¢ to have the 
value v (motion towards the centre being implied by a nega- 
tive value of v); and suppose that centre to be the origin of 
coordinates, Then 

fetal is 7X tp Ea 1s pape! ft al 3) 2 of re me = 7G U+y + 2. 

du Pe Die heD y dv dw z du ; 
Mina so Of de = OF dE ecdan ir Bt 
ae tis. (1-43.47). 2 is 
st Was < s, Tr r' da du’ 7 r 

CIE L): US LA Ce ak dy dy’ r FS a dew dsr ee go sd 
du dv dw 1 dv dv dv Qu 
da + ayaa raat Yay t* qe) t pe Sub 

d.log p ka dv ro eS wt ah ae 
d.log p Li ay ti dO ay 
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d.logp _ ee — z, 

ds =F Dig a 

d.logp _ du Qv - 

dt 7, (ee ye tea ia Wiss 

In order that ife tp motion may be possible, these 
expressions must satisfy the following Ne 

dX AN, dY oe (TN i 

Ue odgicandae SO ds oF =e 
eadee (1.), on performing a differentiation, becomes 

kxy dv ke du kay dv ky dv 

TE ge Cp GEE. oy Pe” de ae oe ee 
dv d?v 

“dydt ‘dxdt’ 

Let aun #; then this equation becomes — . dts toh ome 
dt y dye ede 

If we solve this equation, in the usual way of solving partial 
differential equations of the first order, we find that » must 
be a function of «*+7?. 

Treating equation (2. H in the same manner, we find that 
w must be a function of j p+. 

It is evident that these results can be united only by the 
supposition that » is'a function of x + y* + 2°, or of 7°, or 
of 7. 

at ae 
That is, ae 

tities x, y, 2, do not enter into it except as combined in the 
formula 2? +3? +2° 

Integrating this function, v = R+S, where R is a function 
of r and ¢, and S is a function of #, y, ~. 

is a function of 7 and ¢ only; and the quan- 

To form equation (3.), we remark that Z = — = pe “ 

and therefore ae =— = ae . Also that part of T which 

depends on R is -i(« > ee i Ey oe : a sd ae 

BE sce ih ales ig pa i oe 

by 2a) — 28, ‘Then T = — 7 —2% 49: and ss 

a 



onthe Resistance of the Atmosphere to an oscillating Sphere. 325 

Equation (3.) therefore becomes 

— Fe Re @R_ az dR 22, ds 
fe ae ae Are) ar ey oon 

The two parts of this expression which depend upon R 
and upon S’ are essentially distinct, and the equation there- 
fore expresses these two things: 

_ ds rate dS! dS! 
0) aa (and similarly 0 = ia O= i 

Coe a ee ae ae 

ae, CR ROC CEMA il 
From the first of these equations S! = C, 

S ds dS 
Sri, — Cr, 

the integral of which is S = — . ¢ (2,2 f ree 

The solution of the second dhuation is 

aloe ase Riot a (r+at) OF Gabaet) 

7 r 7 

where a? = 1, 
And hence the complete value of v in its most general form 

si ai a a a F’ (r+at) Me?) 

r 1 
is v = 

a= 7 “1yeaeaed 
I will now Eat ‘oof several terms. 
Ist. Motion from the centre is possible without any other 

wie ee Cr 4 he 
motion if the velocity is expressed by — Om: that is, if every 

spherical layer to unlimited distance increases or diminishes 
constantly with the time in the same geometrical proportion. 
The meaning of this term will be fully understood if we ex- 

: w°8 p which is then 

S'or C. As we cannot conceive a case in which the sur- 
rounding atmosphere can have the density proper for this 
case, we may at once dismiss it as inapplicable to any practi- 
cal problem. 

2nd. Motion from the centre is libs without any other 

: ; : d 
amine the corresponding expression for 

? 
motion if the velocity is expressed by -- d (2,4 3 hid ). 
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that is, if in every different direction it is the same, or different 
according to any arbitrary law; but if in different points of 
that direction, it is inversely as the square of the distance from 
the centre. ‘This shows that the same quantity of air passes 
in every second of time in the same direction through every 
section of each small solid angle. As we cannot in any prac- 
tical case provide for the incessant supply of air which this 
will require, we may lay aside this form of solution. I may 
remark, that this solution is made possible only by the neglect 
of terms of the second order of velocities; for it would easily 
be found, upon examining the forces corresponding to this 
motion, that there are forces depending on the squares of ve- 
locity which are inconsistent with this motion. 

3rd. Motion from the centre is possible without any other 

f'(r—at)  f(r—at) 
r 2 

motion if the velocity is expressed by = 

Fi(r+at) F(r+az) 
eo a ea oa ? r 

represents two series of waves, one rolling from the centre 
and the other towards the centre : but, for each of these waves, 
the phase and the intensity are the same in every direction 
from the centre. 

The form of solution adopted by Professor Challis is 

» where a® = 1. This expression 

cos @. (A529 _ fee), If z be the axis from 

which @ is measured, cos 0 = re and this expression be- 

z.f' (r—at 2.f(r—at 3 PF Ny 
comes shade — so lai . This expression is not 

included in any of the formule already discussed; and it 
evidently will not satisfy the conditions found above; and it 
cannot therefore apply to the problem before us. 

II. But suppose (as an assumption of which the possibility 
is to be tested), that the motion from the centre is represented 

by the formula oes as assumed by Professor Challis, and that 

this motion is accompanied by other motions normal to the 
radius for every point. These motions may be represented 
in the most general way by one velocity P in the plane pass- 
ing through z and +, and another velocity Q perpendicular 

to that plane. Resolving all the assumed velocities in the 
directions of x, y, and z, we have 
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x Zz g ; Y 
fe Ne ewe V x+y? 
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— cae ga pile a+ye Q V a? +y? 

a Vxetry 

, we: Pz Q 
For simplicity, put rV ety =Ps Very = 

LZ 
u=R-> —pr—dy 

v= R45 —pytgqe 
2 2 
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r b 

From these, 

d.logp _ Dis, xz dk dp dq Ly 

si 2 Raat 2 =i (— edt + dt +yq)=% 
d.\ dv z dR d d 

dy dt 

pene eee (= dR _w+y dp) _y 
eee dts 7 DD s ‘dt Ti 
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i a dre ay O28 der ra 

e+yt+22? dp, dp, dq dq x+y? dp 
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be? edo py Meth ge Re 4d 3? ne, d ( fae 

gt a F r? * dr? 7 ° dr 

att SER Oop ete tae Oe 
rl dy ri S ae athe 

eee S aed ee d* p d? p 

rae eo 1'de a. dean, + dude 
: 2 2442 “gq? i) j d*q Pg «x+y dp 

The form assumed for R makes the four first terms of the 
last equation destroy each other. Removing these, and sub- 
stituting the value of R in the other terms in which that letter 
occurs, we have three differential equations to determine 7wo 
unknown functions. Unless it can be shown that one of these 
equations can be deduced from the other two, the discovery 
of these two unknown functions must be, in the nature of 
things, impossible. Without professing to have examined the 
equations minutely, I can only say at present that the three 
equations appear to me to be inconsistent, and therefore I con- 
sider that the motion assumed by Professor Challis is impos- 
sible, even when accompanied with any other transversal mo- 
tions whatever. The onus of proving that the three equations 
are consistent, rests with the supporter of such a solution as 
that to which I have alluded. 

I am, Gentlemen, 
your very obedient servant, 

Royal Observatory, Greenwich, G. B. Arry. 

March 22, 1841. 

LV. On the Electrical Phenomena attending the Efflux of 
Condensed Air, and of Steam generated under Pressure. By 
Wm. Geo. ArMsTRONG, Esq.* 

HE investigation of the causes which induce and modify 
the development of electricity during the emission of 

steam and compressed air, derives unusual importance from 
the prospect it affords of elucidating certain obscure principles 
in electrical science, and of leading to an explanation of seve- 
ral meteorological and other natural phenomena, of which no 
satisfactory theory has been hitherto adduced. The mere 
novelty of the subject, and its connexion with that mysterious 
and all-pervading agent, electricity, the further knowledge of 
which is so essential to our progress in natural philosophy, 

* Communicated by the Author : see p. 265 of our last Number, 
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impart peculiar interest to the inquiry, and render it worthy 
of zealous pursuit. 

In the hope, therefore, of promoting an investigation which 
appears to me to possess so much interest and importance, I 
have recently undertaken a series of additional experiments, 
both on the electricity of expanding air, and on that of efflu- 
ent steam, and I trust that the results which I have now to 
communicate will be found deserving of attention, and condu- 
cive to further discovery. 

These experiments will be treated in the following pages 
under two heads; the first embracing the experiments on ex- 
panding air, and the second those on effluent steam. 

In my last communication to the Philosophical Magazine* 
I stated— 

Ist, That I had succeeded in producing a powerful elec- 
trical development by discharging highly compressed air from 
an insulated receiver of considerable capacity. 

2ndly, That on repeating the experiment a great number 
of times, I found the electricity manifested in the receiver to 
be generally negative, but occasionally positive. 

Srdly, ‘That the intensity of the development had proved 
exceedingly unequal, the receiver having sometimes been so 
highly electrified as to yield a spark a quarter of an inch long, 
while at other times its electricity had been feeble, and that 
frequently I could detect no electricity at all. 

4thly, That the electricity of the emitted air had been posi- 
tive in every instance that I had tried it. 

5thly, That I had more frequently succeeded in producing 
an electrical development when the receiver was cold, and 
contained a little moisture, than when it was warm and dry. 

Having thus briefly recapitulated what I have already 
written on the subject, the necessity of referring to the com- 
munication I have mentioned will be avoided. 

I have now clearly ascertained that the temperature of the 
receiver, and the presence of water within it, powerfully in- 
fluence the phenomena. ‘The colder the receiver the stronger 
is the development of electricity; and if the receiver, when 
perfectly dry, be heated until it becomes unpleasantly hot to 
be touched with the naked hand, the discharge of the air 
ceases to produce any indication of electricity. If the inside 
of the receiver be damp, a higher temperature is required to 
obliterate the signs of electricity ; and if a few ounces of water 
be poured into the receiver, it may be heated to any degree 
without preventing an electrical development, or even render- 
ing it very inconsiderable. At low temperatures, however, 
the presence of water in the receiver, or a humid condition of 

* Number for February, p. 133. 
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the compressed air, appears to have little tendency to aug- 
ment the effects. This I infer from the following experi- 
ment. 

After thoroughly drying the interior of the receiver I intro- 
duced a quantity of caustic potash for the purpose of absorb- 
ing the moisture of the condensed air. I then charged the 
receiver, and set it in a cold place, where I allowed it to re- 
main for about twelve hours, to afford sufficient time for the 
potash to produce the desired effect. After this I insulated 
the receiver and discharged the air, and found the effects to 
be nearly the same as when no precautions were taken to ex- 
clude moisture. 

Whether the receiver be wet or dry, I find that a rapid 
discharge of the air is indispensable to the production of the 
phenomena. ‘The effects are always strongest when the cock 
for discharging the air is fully opened; and when by only 
partially opening the cock the emission of the air is prolonged 
beyond the period of about a minute, no electricity appears to 
be developed. 
My former experiments, of which the results were so ex- 

ceedingly capricious, were made in very frosty weather, but 
those of which I am now speaking were made when the 
weather was mild and damp, and were much more uniform in 
their results; but whether the singular fluctuations observed 
in the first set of experiments were owing to the state of the 
atmosphere, or to some other cause which has escaped my 
detection, I feel quite unable to say. 

In my latter experiments the electricity of the receiver was 
uniformly negative, and the intensity of the electrical develop- 
ment did not vary considerably. When the receiver was not 
insulated, the electricity of the effluent air was always posi- 
tive; but when the receiver was supported upon an insulated 
stand, it frequently happened, especially if the receiver were 
not internally dry, that the gold leaves of the electroscope 
connected with the pointed conductor, by which the electri- 
city was drawn from the jet of air, separated, first with posztive 
electricity, then closed, and opened with negative electricity. 
This effect might, with much probability, be ascribed to the 
formation of a conducting communication between the insu- 
lated receiver and the pointed conductor, by means of watery 
particles ejected with the air; only, if this were the case, the 
pointed conductor would not retain its electricity, as it inva- 
riably does when the receiver is not insulated. 

Sometimes the development of electricity does not take 
place unti) the air is almost wholly discharged, and then the 
pith balls suspended from the receiver, and the gold leaves 
of the electroscope attached to the pointed conductor, ab- 
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ruptly start open, the action being accompanied by a peculiar 
sound indicating the ejection of drops of water from the tube 
through which the air is escaping. It would be a curious fact 
if the sound thus occasioned were proved identical with that 
which Dr. Schafhaeutl mentions as uniformly accompanying 
the development of electricity in his experiments on’ the 
steam evolved from a Marcet boiler. This sound, however, 
often occurs qfter the electricity has appeared, but it is uni- 
formly the signal for the electroscope to open when the de- 
velopment has not previously taken place. I cannot say that 
I have ever noticed a similar noise in any of my experiments 
on steam. 

I am wholly at a loss for an explanation of these singular 
phenomena. It is well known that a copious precipitation of 
vapour, and a greatly accelerated evaporation, are the simul- 
taneous effects of the sudden dilatation of condensed air in a 
receiver—the precipitation being caused by the extreme cold 
produced by expansion, and the increased evaporation by the 
diminution, which the precipitation occasions, of the quantity 
of transparent vapour contained in the air—and to the agency 
of these two principles I was at first inclined to attribute the 
effects in question, conjecturing that the variation in the 
kind of electricity developed in the receiver, might be owing 
to the predominance, sometimes of evaporation, and some- 
times of precipitation, The remarkable influence of heat 
and moisture, and the effect of a slow evacuation of the re- 
ceiver, by which precipitation is known to be prevented, seem 
to point out the connexion of the phenomena with one at least 
of the principles I have named; but I find so much difficulty 
in accounting for many of the effects I have recently observed, 
by reference to both or either of these causes, or to any other 
cause I can think of, that I am at present unable to form any 
opinion on the subject. 

I now come to the second division of this paper, and shall 
commence with a description of the evaporating apparatus 
which I used in the experiments on effluent steam. 

This apparatus was constructed under my own directions 
for the especial purpose of experiment, for which it is much 
better adapted than a steam-engine boiler; although from 
the smallness of its size it is not calculated to exhibit effects 
equally brilliant. It consists, chiefly, of a strong cylindrical 
boiler, and a stove, in which the boiler is placed vertically, in 
such a manner as to be exposed on all sides to the heat of the 
fire. The boiler is thirty inches deep and four inches wide 
in the inside, and is made of the alloy of copper and tin, 
usually called gun-metal. The stove is supported upon glass 
legs to insulate it. 
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The accompanying figure represents the entire apparatus. 
A A is avertical section of the stove; 
B isthe boiler; Ca graduated safety 
valve; Da copper pipe which pro- 
ceeds out of the boiler through the 
stuffing-box E, then enters the stove, 
in which it is coiled three or four 
times round the boiler a little above 
the fuel, and finally terminates out- 
side of the stove in the cock F, at 
which the steam is discharged, after 
being thoroughly dried in passing 
through the pipe thus subjected to 
the fire. This pipe is easily removed, 
and instead of it I frequently inserted 
in the boiler a simple glass tube with 
a cock upon it. The fuel which I 
used was coke. 

This apparatus, considering its diminutive size, proved ex- 
ceedingly effective. When the rate of evaporation was about 
a gallon in an hour, and the pressure in the boiler 100 lbs. on 
the square inch, I could charge a pint coated phial of very 
thin glass in a couple of minutes, sufficiently to give a rather 
smart shock. I found the best method of charging the phial 
was simply to connect its knob with the boiler or the insu- 
lated stove which contained it, for I could always collect elec- 
tricity in much greater abundance from the evaporating vessel 
than from the issuing steam. 

I confidently anticipated, that, in accordance with all former 
experiments on the subject, the electricity of the evaporating 
vessel would invariably be negative, and that of the effluent 
steam uniformly positive; but I soon discovered, to my great 
surprise, that under certain conditions, these electrical states 
of the boiler and steam-cloud were reversed. 

Lest it should be suspected that my assertion of this ex- 
traordinary fact is founded upon erroneous observation, I feel 
it necessary to state, that I was most unwilling to believe that 
ejected steam could, under any circumstances, evolve negative 
electricity, inasmuch as its doing so was diametrically op- 
posed to the theory which in a former paper I ventured to 
advance in explanation of the electrical pheenomena of effluent 
steam, and that I was only convinced of the reality of the 
change, after making repeated trials and applying a variety 
of tests, which gave the same result in every instance. 

I made numerous experiments to ascertain what the con- 
ditions were under which the transmutation took place, and 
am led to believe, from the following circumstances, that an 
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overheated state of that part of the boiler which contains the 
steam, is one, at least, of the causes which induce the effect. 
It will be readily perceived, that by closing the door of the 
stove a considerable increase of temperature would be occa- 
sioned in the upper part of the boiler where the steam was 
lodged, and I found that in almost every instance in which this 
was done, the negative electricity of the boiler, and the posz- 
tive electricity of the steam, began to decline, and continued 
so to do until they vanished entirely, and then positive elec- 
tricity gradually appeared in the boiler, and negative electri- 
city in the emitted steam. A diminished state of the water in 
the boiler would also, of course, favour the accumulation of 
heat in the higher region of the boiler, and such a state of the 
water proved to be likewise conducive to the conversion of the 
electricities. I have reason, however, to think that there are 
other causes by which a change is effected in the electrical 
states of the boiler and steam-cloud ; but before any definite 
opinion can be formed on this point, I consider further ex- 
periments to be necessary. 

I shall now speak of the effects of pressure, first, when the 
steam-cloud evolves positive electricity, and secondly, when 
it liberates negative electricity. 

In experiments to ascertain the comparative intensity of 
the electricity evolved by steam at different pressures, it is of 
course essential that equal weights of steam, and not equal 
volumes, should be emitted in equal times; and to effect this 
condition it is necessary that the discharging aperture should 
be diminished in the same proportion that the pressure is in- 
creased, and vice versd. ‘The safety-valve is in this respect 
a self-regulating apparatus, because it permits an escape of 
steam precisely equal to the production, which, with a uni- 
form fire, is the same at all pressures. Another requisite in 
such experiments is, that the steam should issue in states of 
equal dryness. Ifa strong fire be used, the discharge at low 
pressures is so voluminous, that it is exceedingly apt to sweep 
unyaporized water out of the boiler, and thereby to dissipate 
the electricity, or conduct it to the valve. 

By availing myself, then, of the safety-valve as a means of 
equalizing the escape, and by maintaining the fire at once 
uniform and moderate, I was enabled to effectuate equal emis- 
sions of dry steam, under successive augmentations of press- 
ure, and the following are the results I obtained, so far as 
they apply to the usual condition of the steam-cloud, or that 
in which it evolves positive electricity. 

In the first place I removed the valve from its seat, and 
suffered the steam to escape without any restraint whatever ; 
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but under these circumstances I could detect no electrical de- 
velopment beyond what was attributable to the combustion of 
the fuel, which always produced sufficient electricity in the 
evaporating apparatus to affect the gold leaves of the electro- 
scope, when a condensing plate was used. I then restored 
the valve, and when the pressure scarcely exceeded one pound 
on the square inch, the gold-leaf electroscope, connected with 
the boiler, gave the first indication of electricity distinguish- 
able from that produced by combustion. The slightest ad- 
dition to this pressure caused an excessive increase of electri- 
city, and at three pounds on the square inch, small sparks 
could be drawn from the boiler at the rate of five or six in a 
minute. After this each successive equal increase of pressure 
produced a less augmentation of electricity than the prece- 
ding one. I should say that the electricity manifested at three 
pounds on the square inch, was not doubled until the press- 
ure became fifteen pounds per square inch ; not trebled until 
it reached fifty pounds; not quadrupled until it was raised to 
120 pounds; and that when the pressure was augmented to 
250 pounds on the inch, which was as high as I ventured to 
carry it, the electricity of the boiler did not appear to be more 
than five times greater than at a pressure of only three pounds 
on theinch. Such were the results I obtained; but as the 
causes which tend to produce the opposite electrical states of 
the boiler and steam-cloud were probably not altogether 
quiescent in these experiments, the effects might possibly have 
been different, if the apparatus had been so constructed as to 
be more or less favourable to the operation of such causes. 
The feebleness of the electricity evolved by the steam dis- 
charged from Perkins’s gun*, is probably owing to a counter- 
acting agency of the nature I have mentioned; and the varia- 
tion which has been observed in the intensity of the electrical 
effects, produced by the steam discharged at similar press- 
ures from different steam-engine boilers, may be explained 
upon the same principle. 
When circumstances were such as to render the electrical 

states of the boiler and steam-cloud the reverse of what they 
usually are, the effects of pressure were exceedingly incon- 
gruous and perplexing. 

* I presume it has been tried whether the steam from Perkins’s gun is 
positive or negative ; but if not, I recommend the trial to be made, and I 
think it possible that the electricity may prove to be negative ; especially if 
the pressure be run down a little and the steam not permitted to escape 
very rapidly. The condensation which must take place in the gun-barrel will 
be unfavourable to a development of electricity, and the steam ought, 
therefore, to be discharged, if practicable, by some other means, 
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The lowest pressure at which I could detect positive elec- tricity in the boiler, was much the same as that at which ne- gative electricity first appeared ; and an increase of pressure, as far as about thirty pounds on the inch, augmented the in- tensity of the development in the same ratio, apparently, as when the boiler was negative; but further additions to the load on the valve were attended with very variable: results, sometimes increasing, and sometimes diminishing the electri- city. The most remarkable circumstance, however, was that a considerable increase of pressure always produced in the first instance a temporary recurrence to negative electricity in the boiler, which lasted for a minute or two, and then again gave place to positive electricity. I suspect that this curious effect is occasioned by the steam and water acquiring an in- creased temperature more rapidly than the metal of the upper part of the boiler, so that when the boiling point correspond- ing to the load on the valve is again attained, the metal in contact with the steam is not at first hot enough to reverse the natural electrical state of the boiler. If this view of the sub- ject be correct, it follows that the degree of heat which is ne- cessary in the metal to render the boiler posctively electrified, has reference to the boiling point of the water, and the tem- perature of the steam. 
When the pressure was considerable, the tendency to ne- gative electricity in the steam-cloud was greatly increased by passing the steam through the copper pipe acted upon by the fire; so much so indeed, that I could frequently obtain a jet of steam negatively electrified from the pipe, at the same time that a jet of steam positively electrified was escaping from the valve. At low pressures, however, the effect of passing the steam through the pipe was rather the reverse of what I have mentioned, and I therefore scarcely know whether to regard the result as favourable or adverse to the agency which I have ascribed to heated metal. 
By much the most powerful effects were obtained when the steam was discharged through a short glass tube inserted in the boiler. When the tube was long a considerable con- densation took place within it, which greatly diminished the electricity of the jet. The electricity was seldom so strong when the boiler was positive, and the steam-cloud negative, as when they were in the opposite and usual states. The neutrality of the steam in the boiler, whether the steam-cloud evolved positive or negative electricity, was clearly evinced by the electricity of the jet not being abated by pass- ing the steam through the copper pipe, which was ten feet long, and only three-eighths of an inch in diameter, 
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The superior intensity of the electrical development which 
accompanies the emission of high-pressure steam, and the fact 
of the upper or distended portion of the jet being more highly 
electrified than the lower or unexpanded part, seem to fayour 
the supposition that the evolution of electricity in the steam- 
cloud depends upon the dilatation of the steam. I have al- 
ready adduced, in former communications, reasons for reject- 
ing this hypothesis ; but feeling anxious to remove all doubt 
upon the subject, I resorted to the following method of de- 

termining the question. To the cock I’, which terminates 

the copper pipe, I attached a metallic cylinder, which was kept 

sufficiently hot to prevent any condensation of steam taking 

place within it, and was perforated at one end with a multi- 
tude of small holes, through which the steam, after expanding 
in the cylinder, was suffered to escape at a density scarcely 
exceeding that of the atmosphere. Now if expansion had 
produced the development of electricity, the steam would have 
become electrical in the cylinder, and would have parted with 

its electricity in passing through the holes, and thus the steam- 
cloud would have been rendered neutral; but so far from that 
being the case, I could perceive no diminution of electricity 
when the steam was subjected to this treatment. We may 
therefore confidently infer that the liberation of electricity 
in the jet does not proceed from expansion, and that although 
the intensity of the electrical development is so greatly af- 
fected by pressure in the boiler, it is quite independent of the 
density at which the steam is ejected. 

The precipitation of the steam appears then to be the only 
cause to which the liberation of electricity in the jet can be 
assigned. Assuming this conclusion to be correct, the next 
question is, does the precipitation of the steam give rise to the 
electricity of the evaporating vessel, as well as to that of the 
steam-cloud; or is the electricity manifested in the boiler, the 
effect of evaporation, or of some other process distinct from 
that which excites electricity in the jet? The neutrality of 
the boiler when the steam is confined, seems to imply, that 
the same cause which produces electricity in the cloud oc- 
casions also the opposite electricity in the evaporating vessel. 
I endeavoured to resolve the question so far as regards the 
agency of evaporation, by discharging the steam which from 
time to time remained in the boiler, after all the water had 

been evaporated, and the boiler always became electrified, 
provided the pressure of the steam were considerable. The 
cessation of escape from the valve was the only indication 
I could have of the perfect dryness of the boiler; and if re- 
liance may be placed upon this criterion, the conclusion I 
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think is inevitable, that the electricity which is excited in the 
evaporating vessel on the emission of steam, is independent 
of concomitant evaporation. I should observe, that the elec- 
tricity which appeared in the boiler after, as well as shortly 
before, the exhaustion of the water, was uniformly posztzve. 

Under these circumstances, I think there are certainly 
grounds for supposing that the same cause which excites 
electricity in the steam-cloud, produces also the contrary elec- 
tricity of the boiler ; but if this be so, Iam not aware that there 
is any known principle upon which the effects can be ex- 
plained, especially as the electricity of the boiler appears 
quite independent of the proximity of the jet. 

The transmutation which, under certain conditions, takes 
place in the electrical states of the boiler and steam-cloud, is 
a part of the subject embarrassed with difficulty. What 
possible change can the steam undergo in the boiler, either 
by contact with heated metal, or otherwise, which can cause 
it to evolve, on its subsequent condensation, the opposite 
electricity to that which it usually liberates ? 

The effects of pressure appear equally inexplicable. It seems 
inconceivable to me that steam should acquire by pressure any 
property which would not be taken away by expansion, and yet 
we find that the influence of pressure in the boiler, upon the 
electricity of the jet, is not destroyed by suffering the steam 
to dilate before it is ejected. 

I fear this paper has extended to a somewhat tedious length, 
and I shall therefore conclude it here by expressing a hope 
that what has been stated may have the effect of stimulating 
inquiry into the curious subjects of which I have treated. 

Ww. Geo. ARMSTRONG. 

LVI. On the supposed Moraines of Ancient Glaciers in Scotland. 
By Witu1am Kemp, Esq., introduced by a Letter from J. i. 
Bowman, Esq., £.L.S. 

{Illustrated by Plate III.] 

To the Editors of the Philosophical Magazine and Journai. 

GENTLEMEN, 
R. KEMP, of Galashiels, having favoured me with a 
copy of a paper lately drawn up by himself, containing 

new proofs of the former existence of glaciers in Scotland, L 
thought it desirable that they should be generally known, be- 
cause I am aware that some of my ablest geological friends are 
waiting for further evidence (and wisely so) before they adopt 

Phil. Mag. S, 3. Vol. 18. No, 118, May 1841. Z 
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the theory of Prof. Agassiz. I therefore wrote to request Mr. 
Kemp to publish this paper, and illustrate it by diagrams. 
In his reply he modestly states that he had no design of doing 
this, “being, as you will at once perceive, no fit person for 
preparing papers for the press;” but he grants me full per- 
mission to do so, if I think it worthy, and has inclosed the 
accompanying diagrams, respecting which he says, ‘ These 
very rude and hasty sketches of those gullied tracts called the 
Meigle Pots, together with the vale above Holilee, are pretty 
correct, being copied from sketches taken on the spot. But 
that of the vale of Galashiels is not so faithful, I having only 
examined it in detail; that is, the mounds round Gala House 
are not at all drawn to the truth, I having as yet got no leisure 
to take a plan, nor can I for many weeks to come.” 

Mr. Kemp’s account of the ‘* Meigle Pots” is highly inter- 
esting and important; and being, as far as 1 know, the only 
instance as yet observed in Britain of this modification of gla- 
cier action, it appears to me that I should have been remiss 
had I not suggested its publication. To make it more intel- 
ligible, I have given in a note an extract from a short but able 
account of the Creu and Lapiaz of Prof. Agassiz, by the 
talented editor of the ‘Scotsman,’ Mr. C. Maclaren. I will 
only add, that some of the extensive mounds of gravel described 
in the paper may possibly have been modified, if not originally 
produced, by the subsequent action of torrents. 

J. E. Bowman. 
Manchester, 10th Feb., 1841. 

On the Moraines of Ancient Glaciers, &c. By Wma. Kemp. 
Read to the Galashiels Geological Society, Jan. 29th, 1841. 

GENTLEMEN, 

Havine had my attention turned to this interesting subject, 
first by Mr. Bowman’s opinion that the terraces in this neigh- 
bourhood, which I attributed to the action of water, are in 
fact the moraines of ancient glaciers, besides having read in 
the Athenzeum and other periodicals of Prof. Agassiz’s dis- 
covery of similar evidences in different parts of Scotland, &c., 
I, among many others, hailed the announcement with great 
pleasure, as conviction at once flashed upon my mind, that his 
discovery, by the clear description given of those ancient mo- 
raines, would at once apply to thuse beautiful combs or mounds 
of gravel that have been so frequently noticed in many parts 
of the country, of which no satisfactory account had hitherto 
ever been given. How gratifying to the ardent followers of that 
science, is the discovery of that great man, in pointing to, and 
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giving such a clear exposition of, these hitherto mysterious 
formations ! 

Such moraines as were probably formed by ancient glaciers 
are very conspicuous in the vale of the Gala, immediately 
around the town of Galashiels. The vale there will be at one 
part about three quarters of a mile broad, by upwards of three 
miles long, surrounded by hills of considerable elevation, ex- 
cept where the Gala enters the vale by a narrow passage at 
the north-west, and again where it opens to the south-east, 
and joins the more spacious vale of the Tweed. The glaciers 
there appear at one time to have extended over the vale to a 
great height, as lateral mounds of debris can be traced about 
300 feet above the level of the water. But I wish to confine 
my observations to what was possibly a later era, when the 
glaciers had much diminished, and were perhaps not above 
150 feet high; for it is then that they seem to have left their 
most legible traces. 

Nearly half a mile below Galashiels, where the Gala flows 
through a narrow channel, with high banks on each side, there 
is a very conspicuous moraine about 140 feet high upon the 
north-east side, and about 600 feet long, extending across the 
lower end of the vale. (See No.2. B.* Pl. III.) Upon the south- 
west side, in a direct line, it can likewise be traced for a con- 
siderable distance, where it takes a curvilinear bend to the 
west, until it becomes imperceptible in the higher ground. 
The greater part of that moraine is composed of clay and 
boulders, many of which are quite sharp and angular, but the 
greater portion are rather well-rounded; and what, perhaps, 
is worthy of notice, the top, for about 25 feet down, is com- 
posed of unstratified gravel and coarse sand, which has seem- 
ingly been caused by the water filtrating through the mass 
while it was being thrown up, and sweeping away the finer 
comminuted particles. The breach through which the water 
flows is about 500 feet wide. This is, perhaps, what may be 
called a terminal moraine, left on its final retreat by the glacier 
of the Gala valley. 

At the west end of Galashiels, rather more than a mile up- 
ward from that moraine, the remains of another may be seen, 
standing out from the banks on each side, the south end in 
particular being very conspicuous. (See No.2. CC.) Like- 
wise, along each side of the vale, there are lateral moraines 
from 50 to 70 feet high, in some places very distinctly marked. 
A number of these interesting formations is to be seen near 

* The dotted portions indicate the moraines. 

Z2 
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Gala house (see No. 2, A.), in a fine sheltered situation, where 
the vale extends to the south for a considerable distance, at 
a lateral opening between the hills. 

Nearly parallel with the Gala there is a lateral moraine, 
which divides the town from Gala house and parks, and be- 
hind that there is a series of beautifully formed mounds, 
ranging nearly parallel one with another. These are not con- 
tinuous, although some parts are of considerable length: one, 
called the long knoll, being about 700 feet long, of a serpent- 
ine form, averaging 35 feet high; others are like small hil- 
locks, from 20 to 40 feet high, with narrow trough-like val- 
leys between. To use a simile, I thought, while examining 
these interesting relics, that to convey the clearest conception 
of that place, would be to imagine portions of the rolling waves 
of a troubled sea to be instantly arrested in their course, while 
the intervening parts passed onward for a little space, and 
were then likewise immovably fixed. 

Such seems to have been the action of glaciers in the vale 
of Galashiels, as to have scooped out the basin in some places 
to an unknown depth, which had afterwards been filled up by 
impalpable sedimentary sand, over which there is a covering 
of gravel varying from four to six feet deep, so that a great 
part of the town may literally be said to be built upon a quick- 
sand*. 

There are many lateral moraines along the valley of the 
Tweed; but the only remarkable terminal ones I have yet 
observed, are two, one at Dryburgh, the other at Holilee. 
The first is upon the Dryburgh side of the river, and memo- 
rable enough by a fine Doric temple being built upon its sum- 
mit by the late Earl of Buchan. The one at Holilee (see 
No. 1.) has attracted the notice of many a passing traveller, 
by its singular uniformity and beauty ; so much so, that the 
most skilful engineer could not construct a finer mound. It 
crosses the lower end of an extensive vale, immediately below 
which the hills on each side press close upon the river. The 
northern part of this mound is about forty feet high, and is 
composed of rolled gravel. The road to Peebles runs through 
it. It has swept across and along the opposite side of the 
vale for about a mile long, but the river has long since car- 
ried away a great part of it. A few years ago a splendid 
portion of it rose out of the vale to the height of sixty feet; 
but the farmer, unmindful of this fine geological monument 
of ancient time, after long cursing it for a barren and unpro- 

* This sand below the gravel is probably of anterior origin.—J. E. B, 
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ductive track, at considerable expense caused it to be much 
reduced in height, and now the plough (still with difficulty) 
passes annually over it*. 

I have likewise observed several remains of moraines along 
the vale of the Ettrick. About three quarters of a mile above 
its junction with the Tweed, at the south end of the fine new 
bridge upon the road to Selkirk, the approach to the bridge 
is cut through a very bold one. It sweeps round the lower 
end of the rich haugh of Lindean, and forward to the side of 
the water, where it turns obliquely to the stream. About 
half a mile further up the river at Bridge-heugh, there is an- 
other upon the same side of a still bolder character, forming 
an immense bank about sixty feet high, crossing the vale 
about two-thirds of its breadth, which is there about half a 
mile broad, it having evidently once crossed it to the opposite 
side, as a part in a direct line is still remaining. Following 
up the water, we observe vast lateral moraines on each side. 
Upon the north there are three curvilinear ranges of hillocks, 
some 20, 40, and 50 feet high; these join towards the west, 
in a cross mound, terminating in an abrupt precipitous angu- 
lar ridge at the side of the water, which at present undermines 
its broken end. This is fully sixty feet high, and, like the 
one at Bridge-heugh, seems to have crossed the vale, by the 
evidence of a remaining portion boldly projecting out of the 
south bank, a little below the extensive factory of the Messrs. 
Browns. Gentlemen, these are a few of the leading proofs 
by which I have attempted to prove the former existence of 
glaciers along the valleys of this district. You are all more 
or less familiar with those remarkable mounds I have pointed 
out; and if you turn to M. Agassiz’s description of moraines, 
you will find that these are similar in every respect. 

As a further proof, I have observed the striated and grooved 
appearance of the rocks in many places in this neighbourhood, 
particularly at a hill nigh Redhead, by the vale of the Caddon, 
and even in our own town, at the back of the Buckholmside 
factory. 

At a land-strai: or water-shed, between the Gala and the 
Tweed, about two miles and a half west from Galashiels, on 
the north side, upon a steep spur of the Meigle Hill, which 
here rises at an angle of near thirty degrees, there are three 
lines of round hollows with gutter-like tracks between. (See 
No. 3.) They are known by the name of the “ Meigle Pots,” 

* This seems to be a beautiful example of a terminal moraine united to 
a lateral one, very similar to that of the Viesch, described by Agassiz, 
and represented in the 9th Plate of his tudes sur les Glaciers de la Suisse. 

z. B. rrr’ « 
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and are each nearly 200 feet long, not in straight lines, but 
of a serpentine form. The highest (No. 3. A.) is about 200 
feet above the vale, running nearly horizontally across the 
steep spur of the hill, and has three circular hollows in its 
course, two about fifteen feet deep, and the third about thirty- 
five, the tracks between being from 10 to 12 feet deep. The 
next (No. 3. B.) commences close below the west end of that 
horizontal one, bending to the right and left down hill, and 
is more uniform in depth than either of the other two. It 
contains two deep and finely rounded oval holes, one about 
thirty, the other forty feet deep. The third (No. 3. C.) begins 
near the middle of the upper one, and continues down hill in 
a slanting direction towards the east: it has the most rugged 
appearance of the three, the rock being bare and precipitous 
upon the higher side, and terminating at the lower end with 
a circular cavity about fifty feet deep. The rough markings 
on the more precipitous or eastern sides of the hollows @ and 
c represent the bare rock partially covered with soil and vege- 
tation; but none such occur on the side of B, which runs down 
hill with the ground nearly level on each side, covered with a 
fine grassy surface. 

The sides of these gullies are very steep, although mostly 
covered with a fine grassy surface. It is evident they had 
been originally much deeper, having been greatly filled up by 
debris, which from time to time has fallen from the heights 
above*. By what means can we conceive these hollows to 
have been scooped out of the rock, except by the agency of 
water, and by water falling from a considerable height? ‘The 
rock seems favourable for being worn down in that manner, 
the graywacke strata rising near to the perpendicular, and 
the beds of the rock being thin, intersected with numerous 
cutters (joints). Yet whereis the Water? None runs there 
now, nor can ever have run there in the present state of that 
locality. It seems to me likewise that these hitherto unac- 
countable ravines have been clearly explained by M. Agassiz 
in his description of the Creux and Lapiaz, names given to 
similar holes and guttered tracks which he had observed upon 
the flanks of the Swiss Alps, and which, he says, have been 
worn out by water pouring through fissures in the glaciers 
while they were slowly pressing onwardf. 

* The Meigle Hill rises about 450 feet above the rude pillar represented 
in the sketch No. 3. This pillar stands about 60 feet above the upper line 
of hollows marked a, and is built on the lowest terrace I can trace in that 
quarter, which is No. 10 of the series described in Chambers’s Journal ; 
but others are more distinctly marked upwards to the south-west. 

+ On the sides of the Swiss valleys, round holes, such as cascades make, 
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Gentlemen, however hastily surveyed and imperfectly de- 

scribed, this is still another proof in confirmation of the glacier 

theory in Scotland, so lately promulgated by the great phi- 

losopher of Neufchatel, to whom the geological world is so 

deeply indebted, by revealing so bright a page in the dark 

history of the past. W. Kemp. 

LVII. An Examination of the Phenomena of Conical Re- 

fraction in Biaxal Crystals. By R. Porrer, Esq., B.A* 

THE verification of the two species of conical refraction, 

which were discovered by Sir William Hamilton to be 

results of Fresnel’s analytical expression for the wave surface 

in biaxal crystals, forms an epoch in the progress of the 

conversion of the scientific world to a belief of the undula- 

tory theory of light. Many waverers were confirmed in their 

belief by so singular a coincidence of theory and experiment ; 

and Professor Lloyd, who made the experiments, had a har- 

vest of reputation from them, such as is seldom reaped in the 

field of science. 
I joined with the scientific world, in the confidence which 

it gave to Professor Lloyd’s investigations; and although I 

had seen the undulatory theory fail in so many important 

cases, yet I believed that the true law of refraction in biaxal 

crystals had been discovered by Fresnel, as certainly as that 

of uniaxal crystals has been by Huyghens; but in both cases 

from wrong premises. It was from a desire to view these in- 

teresting phenomena, that I availed myself of an opportunity 

are sometimes found in the rock, but in places remote from running waters, 

and where the form of the surface will not permit us to suppose that any 

cascade could ever have existed. In other cases, a long, sinuous, dry, 

water-worn gutter or channel is observed, the course of which runs across 

instead of along the natural declivity of the ground. The study of the 

glaciers has enabled Agassiz to find a key to these enigmatical phenomena, 

which had perplexed previous inquirers. Streams of water flow along the 

surface of a glacier, and when one of these falls into a fissure which is open 

to the bottom, if it forms a cascade, it cuts a round cavity in the rock with 

the gravel and sand which it either finds there or carries down with it, as 

some of our rivulets work out the hollows termed caldrons. If the gla- 

cier is travelling downwards the cascade will travel with it, and convert 

the round cavity into a long gutter; or supposing the water to reach the 

bottom without falling in a cascade, still, in finding an issue below the gla- 

cier, it will be compelled to follow the sinuous openings left by inequalities 

in the bottom of the ice, and thus take a course at variance with the natu- 

ral inclination of the surface. We have here an explanation of the Creua 

or holes, and the long water-worn gutters found in such unlikely situations, 

which bear the local names of Lapiaz or Karren. These are chiefly 

observed where the rock is soft, and are seldom visible on the granite.— 

Scotsman. 
* Communicated by the Author. 
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of purchasing some crystals of arragonite, in order to have 
pieces of larger dimensions than I possessed before, and which 
from perusing Professor Lloyd’s paper, in the seventeenth 
volume of the Transactions of the Royal Irish Academy*, I 
conceived to be necessary. ‘The prepossession I had con- 
ceived in favour of Fresnel’s law, as expressed in the equation 
to the wave surface in such crystals, was, however, changed 
into distrust, when I was enabled to observe the phenomena. 
I employed a different mode of experimenting from Professor 
Lloyd, on commencing ; and possessed more confidence in the 
properties of an eye-lens. Such a lens exhibits to the sight 
what takes place at the focus of the eye and the lens, as an 
optical combination, when there is a real image; and when 
there is a virtual image, it is exhibited such as would have 
really arisen if the rays of light in falling upon the eye-lens 
had proceeded in a similar manner from a real image. ‘The 
transition from a virtual to a real image, and vice versd, occa- 
sions no difficulty; for both arise from the form of the pencil 
of rays, as it falls on the eye-lens; which is, in fact, the thing 
concerned in the representation of the image to the sense of 
vision. 

Professor Lloyd passed a pencil of sun-light through the 
crystal, and received the transmitted pencil on a screen of 
ground glass, in most of his experiments, and only mentions 
using a lens whilst seeking for the conical refraction within 
the crystal which gives a cylindrical refraction in air; and 
then soon gave it up again for sun-light. I have chiefly worked 
with an eye-lens, or else for micrometer measures with a com- 
pound microscope; and having tried sun-light also, I con- 
cluded that it bears in accuracy some such relation to the 
former method as a camera-obscura bears to a telescope, and 
yields a less perfect result; but one which, as far as it goes, is ex- 
actly the same as that from the other method. With the screen 
you can only examine real images; with the lens you can ex- 
amine virtual ones also, and that in a more critical manner. 

Arragonite having been judiciously chosen by Professor 
Lloyd, on account of the considerable angular separation of 
its optic axes and its double refractive energy, as well as on 
account of the refractive indices, in the principal directions of 
the crystal, having been determined by Professor Rudberg, 
I have continued to use it solely. I have employed slices of 
the mineral cut perpendicularly to the axis of the crystal, which 
is parallel to the line bisecting any pair of optic axes, and of 
the thickness one-seventh, one half, and five-sixths of an inch. 

« [ Prof. Lloyd also described these phenomena in L. and E, Phil. Mag,, 
vol. li. pp. 112, 207,—En1r. ] 
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The one of one-seventh of an inch thickness does not give suf- 
ficient separation of the images for convenient use, and the 
one of five-sixths of an inch had its inconveniences, arising from 
the fact of crystals of arragouite being formed of twin crystals ; 
and it is seldom that any component crystal is large enough 
to allow a ray of light to traverse the optic axis for any great 
distance without entering the twin one. ‘This was only in 
some places possible with the specimen referred to, so that 
the experiments about to be related were generally made with 
the crystal of half an inch thickness. 

The experiment with sun-light was made as follows: a piece 
of tinfoil with a small hole in it, made with the point of a pin, 
being attached to one surface of the crystal, and the whole 
then attached by means of wax to a moveable adjusting ap- 
paratus fixed to a stand, I placed the crystal in the sun-light 
reflected horizontally through a window by a mirror, with the 
tinfoil towards the incident light, so that the pencil entering 
the small hole would be in angular diameter 32’ nearly, or 
the sun’s apparent diameter; then placing a piece of tissue- 
paper on the other surface, I saw generally upon it two round 
bright spots ; but when the crystal was moved until the light 
entering it traversed the optic axis, or rather was symmetric- 
ally refracted with regard to that axis, then there appeared 
one round bright spot, with a dark ring, and then a broader 
bright ring round it: now drawing the tissue-paper away 
from the surface gradually, but keeping it parallel to it, the 
darker ring gradually disappeared, and the section of the 
pencil became larger, the central spot becoming more and 
more faint, and expanding into a conical pencil which blended 
with the other conical pencil arising from the bright ring. 
These phzenomena show that within the crystal the light had 
been refracted in the form of a small solid cone, approxi- 
mating to a cylinder, whose section was the bright spot seen 
at the second surface, and a larger hollow cone whose section 
was the bright ring. After emergence into air we see that 
the bright ring expanded into a hollow cone; but the bright 

spot, gradually disappearing, gave rise to an indefinite number 
of conical surfaces of various angles. 

These and other properties of the emergent pencil are 
much better examined by means of the eye-lens; and first, 
placing the crystal in ordinary day-light coming through a 
small round aperture at some distance, with the second sur- 
face in the focus of the eye-lens, we perceive the same ap- 
pearances as were seen on the tissue-paper at the second sur- 
face of the crystal. Using now a triangular aperture, the 
two spots appeared triangular images of the aperture, and at 
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the optic axis the ring and spot possessed some trace of this 
triangular relation. ‘The triangular appearance arose from 
the well-known optical property of a small hole, which gives 
on a screen beyond it an imperfect image of a bright object 
in front of it. In the experiment with the sun-light, although 
the central spot was round, yet it cannot be considered an 
image of the sun, in the same way as the two round spots 
generally seen. 

The change from two spots to a ring and a spot was sud- 
den, upon the direction of the light becoming that requisite for 
refraction symmetrical to the optic axis ; and in experiments 
which will be related shortly, when a minute pencil of inci- 
dent light was transmitted through a very minute aperture 
in the tinfoil, it required very nice adjustment to obtain the 
ring and spot. ‘This shows that if a converging pencil were 
incident at the hole on the first surface, with its axis in the 
direction requisite for refraction symmetrical to the optic axis 
of the crystal, then no other ray but that in the axis of the pencil 
could be subject to the singular refraction in the crystal : but 
the other rays of the incident pencil giving each two rays within 
the crystal, these latter would be arranged around the optic 
axis, as the incident rays were around the axis of the pencil, 
and the appearances would be symmetrical ; although intro- 
ducing, in proportion to the magnitude of the pencil, con- 
fusion and indistinctness into the real phenomena of conical 
refraction. Professor Lloyd says, “ The first-mentioned 
species of conical refraction, it has been observed, takes place 
in air, when a ray of common light is transmitted within the 
crystal in the direction of the line joining two opposite cusps 
of the wave. Ifwe suppose such a ray to pass in both di- 
rections out of the crystal, it is evident that it must emerge 
similarly at both surfaces; consequently, the rays which are 
transmitted along this line within the crystal, and form a di- 
verging cone at emergence at the second surface, must be 
incident in a converging cone at the first. Having, therefore, 
nearly ascertained the required direction by means of the 
system of rings in polarized light, I placed a lens of short 
focus at its focal distance from the first surface, and in such 
a position that the central part of the pencil might have an 
incidence nearly corresponding to the cusp-ray within,” &c. 
And again, he says, “ But to examine the emergent cone, it 
was necessary to exclude the light which passed through the 
crystal in all but one direction. For this purpose a plate of 
thin metal, having a minute aperture, was placed on the sur- 
face of the crystal next the eye, and the position of the aper- 
ture so adjusted, that the line connecting it with the luminous 
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point on the first surface might be, as nearly as possible, in 
the direction of the cusp-ray. The exact adjustment to this 
direction was made by subsequent trial.” After relating some 
preliminary experiments, he says again, “ In all these experi- 
ments the emergent rays were received directly by the eye 
placed close to the aperture on the second surface. It was 
obviously desirable, however, to receive them on a screen, and 
thus to observe the section of the cone at different distances 
from its summit. After some trials, I effected this with the 
sun’s light, the light of a lamp being too weak for the pur- 
pose. The emergent cone being made to fall on a screen of 
roughened glass, I was enabled to observe its sections at va- 
rious distances, and therefore with all the advantages of en- 
largement. The light was sufficiently bright, and the ap- 
pearance distinct, when the diameter of the section was be- 
tween one and two inches.” 

This arrangement appears to have been continued through- 
out this series of experiments; for after discussing his results, 
he says, “Inasmuch as the cusp-ray, within_the crystal, corre- 
sponds to a cone of rays without, it is evident that there must 
be a converging cone incident on the first surface, equal to 
that which diverges from the second.” 
We see in the preceding discussions, that Professor Lloyd, 

by experimenting with the view of verifying theoretical conse- 
quences, has fallen into two errors; the one an error of assump- 
tion, that a conical incident pencil of common light could be 
refracted as one ray within the crystal; and the other an error 
of omission, in not discovering that, however small the incident 
pencil may be, the refracted light consists ofa larger cone and 
a smaller one, nearly acylinder. The first error arose from ap- 
plying the reasoning of geometrical optics, for uncrystallized 
media and common light, to the case of a double refracting me- 
dium and polarized light; for Professor Lloyd himself had dis- 
covered a peculiar state of polarization in the emergent pencil 
(he says, ** Thus it appeared that all the rays of the cone are 
polarized in different planes”), and to have given the least 
chance of success the incident pencil ought to have been in 
the same state. 

To investigate the form of the refracted light in a more 
severe manner, I placed an aperture made in a plate of metal, 
with a small pin, about one-fiftieth of an inch diameter, at 
seven inches from the flame of a lamp; and at sixteen inches 
on the other side of the aperture I placed the crystal with 
tinfoil attached to its first surface, and examining the light 
which passed through a minute hole, about one-thousandth of 
an inch in diameter, in the direction for refraction symmetrical 
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to the optic axis, J found it on emergence giving the ring and 
central spot. In this experiment the angle of the incident 
cone was rather more than 4". 

In this experiment the light was reduced to a small pencil 
by apertures in thin metal plates, but I have seen the same 
phenomena when the incident pencil arose from a luminous 
point formed by a lens of short focus, at some distance from 
the crystal. ‘he results of Professor Lloyd’s method of ex- 
perimenting were, that in the first instance he found the angle 
of the emergent cone about double what the calculation from 
theory gave, but by reducing the diameter of the aperture on 
the second surface this observed angle was reduced also; 
until with a very minute aperture an approximation to the 
calculated angle was obtained; and a hollow cone was seen, 
as required, in place of a solid cone, which appeared in the 
first instance. 

It appears, that in order to obtain any tolerable approxi- 
mation to the calculated quantities, an aperture was required 
to be applied to the second surface, so as to cut off all the ring 
and a large portion of the central spot. Such experiments 
cannot be considered as investigations of the refraction of 
biaxal crystals in the neighbourhood of the optic axes. The 
real nature of this refraction will be seen when we have ex- 
amined Professor Lloyd’s investigation in search of the conical 
refraction within the crystal giving a cylinder of rays in air. 

He says, “The second kind of conical refraction, whose ex- 
istence has been anticipated by Professor Hamilton, depends 
(it will be remembered) on the mathematical fact, that the 
wave-surface is touched in an infinite number of points, con- 
stituting a small circle of contact, by a single plane parallel to 
one of the circular sections of the surface of elasticity. It 
takes place when a single external ray falls upon a biaxal 
crystal in such amanner that one refracted ray may coincide 
with an optic axis. When this is the case, there will be a 
cone of rays within the crystal, determined by lines connect- 
ing the centre of the wave with the points of the periphery of 
the circle of contact. The angle of this cone is equal to 
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and its numerical value in the case of arragonite is 1° 55', as- 
suming the values of the three indices as determined for the 
ray I by Professor Rudberg (see ‘Trans. R.I.A., vol. xvii. 
page 151.). 

‘As the rays constituting this cone will be refracted at emer- 

tan 
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gence in a direction parallel to the incident ray, they will 
form a small cylinder of rays in air. This cylinder, it will 
be seen, is in all cases extremely small; for the diameter of its 
section made by the surface of emergence subtends an angle 
of 1° 55’ only, at a distance equal to the thickness of the cry- 
stal. Hence the experiments required to detect its existence 
and measure its magnitude, demand more care and precision 
than those already described. 

‘** The incident light was that of a lamp placed at some di- 
stance; and in order to reduce as much as possible the breadth 
of the incident beam, it was constrained to pass through two 
small apertures, the first of which was in a screen placed near 
the flame, and the second perforated in a thin metallic plate 
adjoining to the first surface of the crystal. Under ordinar 
circumstances, it is obvious the incident ray will be divided 
into two within the crystal, and these will emerge parallel 
from the second surface. I was able to distinguish these two 
rays by the aid of a lens; and turning the crystal slowly, so 
as to vary the incidence gradually, I at length observed that 
there was a position in which the two rays changed their re- 
lative places rapidly on any slight change of incidence, and 
appeared at times to revolve round one another, as the inci- 
dence was altered. Being convinced that the ray was now 
near the critical incidence, I changed the position of the cry- 
stal, with respect to the incident ray, very slowly; and after 
much care in the adjustment, I at last saw the two rays spread 
into a continuous circle, whose diameter was apparently equal 
to their former interval. 

** This phenomenon was exceedingly striking. It looked like 
a small ring of gold viewed upon a dark ground; and the 
sudden and almost magical change of the appearance from 
two luminous points to a perfect luminous ring, contributed 
not a little to enhance the interest. 

** The emergent light, in this experiment, being too faint to 
be reflected from a screen, I repeated the experiment with 
the sun’s light, and received the emergent cylinder upon a 
small piece of silver paper. I could detect no sensible dif- 
ference in the magnitude of the circular sections at different 
distances from the crystal. 

** When the adjustment was perfect, the light of the entire 
annulus was white, and of equal intensity throughout. But 
when there was a very slight deviation from the exact position, 
two opposite quadrants of the circle appeared more faint than 
the other two, and the two pairs were of complementary co- 
lours. The light of the circle was polarized, according to 
the Jaw which I had before observed in the other case of 
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conical refraction. In this instance, however, the law was 
anticipated from theory by Professor Hamilton.” 

With the exception of the last sentence but one, this de- 
scription gives a correct and clear account of the appearances, 
but under a condition which Professor Lloyd has omitted to 
notice. The luminous ring is seen, and seen perfectly only, 
when the lens is so placed in its distance from the crystal, 
that what he calls the two rays, are, in fact, the two virtual 
images of the luminous point on the first surface. The posi- 
tion of these virtual images within the crystal is found by the 
formulge of geometrical optics, their distance from the second 
surface, when the incidence is nearly perpendicular, being 

thickness of the plate 
refractive index 

When the eye-lens has any other distance than that which 
gives the distinct images of the aperture, we find the appear- 
ances changed, and that the bright ring is not the section of 
a cylinder of equal diameter at all distances from the crystal, as 
Professor Lloyd supposes he has made out, by means of sun- 
light. Thathe should have overlooked phenomena so inter- 
esting, can be accounted for only by his devotion to his theory, 
which has thus robbed him of a fine discovery. 

Whether we draw the eye-lens away from the crystal, or push 
zt nearer, we find similar appearanees, and we see that the ring 
was formed by the intersection of two cones (or more correctly 
of two series of cones), the one converging so as to have the 
bright spot, we formerly found on the second surface, for its 
vertex, and the other diverging, and having the ring, formerly 
found on the second surface, for its base. 1 say more correctly 
two series of cones, for we formerly found that the bright spot 
only gradually became fainter. The same appearances are 
seen in pushing the lens nearer the crystal, for gradually one 
portion of the light of the ring increases in diameter, whilst 
the other diminishes, and a bright centre is formed, which 
comes to its smallest magnitude, and then diverges again into 
a solid cone of rays, having a bright centre which gradually 
fades away. ‘The phenomena show that the cones, the one 
virtual as being beyond the second surface of the crystal, 
measured from the eye, and the other real as being formed 
in the emergent light, are in reality a series of cones having 
their vertices on opposite sides of, and at different distances 
from, the ring. When the rays of either series of cones are 
collected into their smallest space forming the bright spot, this 
is evidently only an approximate effect; and when the inci- 
dent pencil is very small, this spot is seen evidently outside 
the crystal, rather than on the second surface for one series, 

equal to 
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These results are certainly not in accordance with the theo- retical investigations of Sir William Hamilton, whose dis- cussions of the singular refractions near the optic axes, as in- dicated by Fresnel’s expression for the wave-surface, have been referred to in the quotations from Professor Lloyd’s paper. 
The law of the polarization in the virtual ring and one of the cones, as far as he investigated it, were observed by Pro- fessor Lloyd; but if my view of the mode of formation of the ring by the intersection of two series of conical surfaces be correct, then there must be a peculiarity in the polarization hitherto unsuspected. The ring, as stated by Professor Lloyd, is polarized in every part in a different plane; so that if we attach a prism of calcareous spar, giving light polarized in one plane, to our eye-lens, we see that one small portion of the ring vanishes in every position of the prism, and that as we turn the prism and eye-lens round the line of vision, the dark part in the ring moves through the double of the angle which the prism does, making a whole revolution whilst the prism has made the half of one. Now if the ring be the in- tersection of two series of cones, whilst one of these series is diverging and the other converging, the part which disap- pears, in any one position of the prism, should be in the same sector, measured from the optic axis as centre, in both series ; but after one has ceased to converge, the bright spot then formed should exhibit no polarization whatever, being com- posed of light polarized in -all planes; and when it diverges again, the part which disappears should be in the directly op- posite sector to that which disappears in the series of cones which has continued to diverge. 

This is exactly what we see; but where the two series of cones are diverging together, they soon overlap, and as they are polarized in planes at right angles to each other at every point where they overlap, the light there exhibits no signs of polarization ; so that, for the internal series, it is only before it has begun to overlap the other, that the polarization is eyi- dent. In this small space it is very easy to overlook it, and I believe I should not have discoyered the law unless guided by my theoretical view, as to the formation of the ring. It was before stated that the ring appeared at the Position of the virtual images within the crystal: now as the images have their distances from the surface slightly different, de- pending, as we have seen, on their respective refractive indices at that point, therefore the two portions of the ring will have different positions of greatest distinctness; and this is easily seen, when experimenting in a dark room, with a bright pencil 
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of light from a closed lamp, and when the incident pencil is 
very small; for then, when we desire to obtain the ring with 
maximum distinctness, we can see, that as one portion of it 
becomes more distinct the other becomes less so, on varying 
slowly the distance of the eye-lens. 

A popular explanation of the formation of the ring, and 
consequently of the two series of cones, may be thus given: 
any physical point being taken in the small hole on the first 
surface of the crystal, it will have two images polarized in 
planes at right angles to each other; these are two points at 
the extremities of some diameter of the ring; and every other 
point having similarly two images, the locus of all these images 
forms the ring. Speaking more correctly, if we call KE, 
and E, the two images of any physical point, then the locus 
of E, forms one ring and the locus of E, the other, as before 
described. 

The conclusion we come to, from the preceding discussions, 
is that the phaenomena of conical refraction were not adequately 
examined by Professor Lloyd. It may be that Sir William 
Hamilton and Professor Lloyd have expected results from 
their experiments for which Fresnel’s expression for the wave- 
surfitce in biaxal crystals gives no warrant. ‘The cylindrical 
refraction in air, being merely the transition from a series of 
converging cones to a series of diverging ones, may not be 
separable from them by any mode of experimenting. My 
present impression is that no such cylindrical refraction ex- 
ists, but it is a point for future careful experimental re-ex- 
amination, accompanied by an attentive comparison with the 
properties of Fresnel’s expression. The angle of the cone 
which has its vertex at the second surface of the crystal, I 
find to be about 3° 30', or something less than this, consider- 
ing a point outside the crystal as the vertex; for a series of 
careful micrometrical measures with a compound microscope 
of a magnifying power of twenty-six times, and a minute in- 
cident pencil of lamp light, gave the diameter of the ring 
1-53'4th of an inch, and by finding the apparent position of 
the ring, within the crystal, we have the angle of the cone as 
above. Now the angle from Sir William Hamilton’s calcu- 
lations should be about 3°, a sufficiently near coincidence to 
produce an impression in the mind in favour of Fresnel’s ex- 
pression. 
We saw, however, that one image of the sun, on the se- 

cond surface, in the first-mentioned experiment with sun-light, 
on approaching the position of the optic axis, expanded into 
a ring, whilst the other image became an ill-defined point in 
its centre: it is seen also that the two images leave the optic 
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axis in the same relation to it as that in which they ap- proached it. From this we conclude, that the space round the optic axis within the ring is traversed by only one image, and therefore that there is only one sheet of the lumi- niferous surface in this place: the form of the two series of cones also favours this view. This indicates what may not inaptly be termed an eyelet-hole in one sheet, and a conical 
point in the other, 

To determine the real nature of the refraction about the optic axes of biaxal crystals, will evidently require a good deal more of minute examination. 
If any fellow-labourers should enter on the subject, I should be very glad to see their results in print, and am glad to be able to inform them that Messrs. Watkins and Hill have un- dertaken to fit up for sale crystals of arragonite, mounted in a mode so as to facilitate the examination of the refraction 

near the optic axes. 
Queen’s College, Cambridge, Feb. 13, 1841. 

LVIII. On the Voltaic Decomposition of Aqueous and Alcoholic Solutions. By Arruur Connex, Esq., F.R.S.Ed., Pro- essor Of Chemistry in the United College of St. Salvator’s : a) S and St. Leonard’s, St. Andrews, 
[Continued from p. 249, and concluded, } 

II. Alcoholic Solutions. 
SHALL content myself with simply referring to the ex- periments, by which I have shown that under voltaic agency water entering into the constitution of absolute al- cohol is resolved into its elements, hydrogen being given off at the negative pole, and oxygen being engaged in produ- cing secondary effects on the hydrocarbon of’ the alcohol, and to those demonstrating the extraordinary effect which the solution of the minutest quantities of alkalies, acids and saline bodies, have in promoting this action *, 

This fact, that the water of absolute alcohol suffers decom. position under galvanic action, furnishes the key for solving all cases of the voltaic decomposition of alcoholic solutions, by assimilating them to those which occur in aqueous solutions. The analogy between the two cases is complete, with the dif- ference merely, that in the former the appearances are less marked, from the smaller quantity of water present, the in- ferior conducting power of the solution, and the slight modi- 
* Edinburgh Transactions, vol. xiii.; Jameson’s Journal, 1835 ; and Lon- don, Edinburgh and Dubl, Phil, Mag., Dec. 1841, 
Phil, Mag, 8, 3. Vol. 18, No, 118. May1841. 2A 
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fications of secondary action due to the presence of hydro- 
carbon. In short, as respects voltaic agency, an alcoholic so- 
lution may be regarded as an aqueous one, in which a foreign 
substance is present retarding the principal action, but afford- 
ing an additional source of secondary agency. 

Accordingly, when the alcoholic solution of an ordinary 
salt is acted on, the acid and alkali go to their proper 
poles, as in an aqueous solution, but much more slowly, and 
the hydrogen of the water of the alcohol is evolved at the 
negative pole, whilst the oxygen enters into secondary 
combination. When the base is of easy reduction, metal re- 
duced by hydrogen appears at the negative; whatever sub- 
stance is dissolved, if it is not of a nature to afford room for a 
secondary action with hydrogen, that element is given off in 
the same proportion as from water, due regard being had to 
some circumstances connected with the conducting power of 
the solution which have been formerly pointed out*. This 
fact was verified for alcoholic solutions of alkalies, haloid 
salts, and oxyacid salts. 

It was also found, by experiments similar to those with 
aqueous solutions of hydracids and haloid salts, that when 
iodine appears at the positive pole in alcoholic solutions of 
hydriodic acid or of iodides, it is due to secondary action. 
Absolute alcohol was charged with dry hydriodic acid gas, and 
placed in A, fig. 2, (p. 243) and water in B and C, A being 
made negative, and C positive by seventy pairs of four-inch 
plates. Effervescence soon arose from both poles, but no disco- 
loration was anywhere observed, nor acid in B or C until after 
the lapse of twenty minutes, when a slight brown discoloration 
from liberated iodine commenced in C with acid reaction. 
In half an hour the battery was reversed, when the hydriodic 
solution was instantly discoloured without elastic fluid from 
the pole in that solution, and with effervescence from the 
other. This experiment would of course have had more ana- 
logy to those with water, if B and C had contained alcohol ; 
but the feeble conducting power of that liquid, and the risk 
of interfering with the reactions if any substance was dissolved 
in it, prevented its employment. ‘The appearances are, how- 
ever, best explained on the view that the water of the alcohol 
only suffers direct decomposition. 

Analogous experiments led to the same view in regard to 
iodides. 

The appearances with a positive pole of zinc led to the 
same conclusion. When a saturated solution of dry iodide 
of potassium in absolute alcohol was thus acted on by fifty 

* Lond. Edinb. and Dubl. Phil. Mag., Dec. 1841. 
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pairs of two-inch plates in the bent tube, fig. 3, oxide of zinc 
soon separated at both poles without ; 
any appearance of iodine, or of effer- Fig. 3. 
vescence at the positive. The de- 
position of oxide at that pole is in 
conformity with the view of the direct 
decomposition of water. 

With a similar solution of dry 
chloride of lithium, oxide of zinc soon 
separated at the negative pole, with effervescence from that 
pole, but none from the positive ; and it was somewhat uncer- 
tain whether any separation of oxide took place at the positive : 
but little doubt could exist that the oxide originated, as in the 
case of iodide of potassium, by the action of oxygen of the 
water of the alcohol on the zinc, and was subsequently dis- 
solved and transferred to the negative pole. 

The principal condition of the deposition of oxide of zine 
at the positive pole, whether in aqueous or alcoholic solutions, 
appears to be a pretty rapid formation, from brisk action ; 
and the less powerful the acid, and the less its quantity drawn 
to the positive side, the more of the oxide separates previous 
to solution and transference. 

With respect to pyroxylic solutions, I have made few ex- 
periments ; because if the general rule holds good in regard 
to alcohol, there can be little doubt that it will embrace pyr- 
oxylic spirit, since, as I formerly showed, the decomposition of 
its water is much more readily effected than that of alcohol. 
I found, experimentally, that when a solution of dry iodide of 
potassium in rectified pyroxylic spirit was placed in a tube A*, 
and water in a tube B, the two being connected by asbestus, 
and A made negative, and B positive by fifty pairs of two- 
inch plates, although iodine soon appeared in the neighbour- 
hood of the positive pole in B, yet it was accompanied by acid 
passing into the water of B; and after forty minutes’ action 
these appearances continued the same, only more decided, 
and without any appearance of iodine elsewhere. There is 
little doubt that the nature of the action was just the same as 
in aqueous and alcoholic solutions. 

In the whole circumstances, although the evidence may not 
be of quite so decided a character in some of the cases of al- 
coholic solutions as in regard to those in water, still I think 
there need not be much hesitation in laying down as a still 
more general proposition than that above stated, that “* When 
solutions of primary combinations of elementary substances, 
in water and in those liquids, such as alcohol and pyroxylic 

* Fig. 1. (p. 243.) 
2A2 
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spirit, which contain water as such as an essential constituent, 
are submitted to voltaic agency, the dissolved substance is not 
directly decomposed by the current, but only the water of the 
solvent.” 

alcohol, the largest quantity of that alkali which ether is ca- 
pable of dissolving has no effect in affording room for any 
galvanic agency. Neither do any of the ordinary substances 
soluble in zether, such as corrosive sublimate, chloride of 
platinum, or chromic acid, produce any such effect. Nor is an 
oxyacid salt, such as nitrate of uranium, when held in solution 
by it, resolved into its constituents under galvanic action. 
The conclusion drawn from all these experiments is, that aether 
does not like alcohol contain water as a constituent*. 
Up to this point, then, zether and zethereal solutions resist all 

voltaic action. I have since, however, found that when recti- 
fied zther is saturated with dry muriatic acid gas, and then 
submitted to moderate galvanic action, hydrogen, retaining 
some ethereal vapour mixed with it, is liberated at the nega- 
tive pole, and no gas from the positive, but the liquid ac- 
quires a yellow colour from dissolved chlorine. 

When dry hydriodic acid gas was conducted into zther 
in a little Wolfe’s apparatus, the liquid immediately separated 
into two layers, a lower dense and deep red, and an upper 
slightly coloured, which under voltaic agency yielded gas 
from the negative pole. 

In regard to the latter of these experiments, there can be 
no doubt that in saturating the ether with hydriodic acid gas 
decomposition took place; and although the nature of this 
decomposition was not fully investigated, it seems probable 
that the lower liquid consisted principally of iodized hydriodic 
acid, resulting from the combination of oxygen derived from 
the zther with hydrogen of a portion of the hydriodic acid, 
on which view water of course would be formed, and become 
the subject of the subsequent voltaic action. During the sa- 
turation of zther with muriatic acid, no signs of decomposi- 
tion were visible; but still it is not impossible that some inter- 
nal changes may have taken place, and water resulted from 
the action united to muriatic acid. Unless such a view be 
adopted, I should be inclined to hold that there really was 

* Edinburgh Transactions, yol, xiii, p. 331, 
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direct decomposition of the muriatic acid by the voltaic cur- 
rent; for when I[ recollect that pure ether resisted very power- 
ful voltaic currents, and that even potash, which has so won- 
derful an effect in promoting the galvanic decomposition of 
the water in absolute alcohol, did not make «ther more sus- 
ceptible of electric agency, I cannot allow myself to suppose 
that the decomposition in the case of an ethereal solution of 
a hydracid is that of water entering into the constitution 
of zther, but adhere to the original view, that ather con- 
tains no water, and that alcohol consists of zether and of 
water. 

1V. On the slate in which the Haloid Salts are dissolved by 
Water and Alcohol.—The question whether haloid salts are 
dissolved by water as such, or decompose it and assume the 
state of hydracid salts, is one on which chemists are still di- 
vided. ‘The action of voltaic electricity on such solutions 
appears to me to decide the matter: during such action it is 
frequently difficult, particularly in the case of iodides, to ob- 
serve any acid reaction at the positive pole, when both poles 
are plunged directly into the solution, on account of the re- 
ducing action of oxygen on the acid formed; and even in 
those cases in which acid is observed, that circumstance will 
not of itself prove the haloid to be dissolved as a hydracid 
salt, because it might be held that acid is formed by secondary 
action at the negative pole, from whence it is drawn to the 
positive. In this way only, on the hypothesis of solution as 
a haloid, and direct voltaic decomposition of water alone, can 
the separation of reduced metal at the negative pole be ac- 
counted for. A doubt might also exist whether the acid re- 
action at the pole might not arise from an oxyacid formed by 
secondary action at the positive. All such objections are, 
however, obviated by placing the poles beyond the solution, 
so as to get quit of secondary actions; and if in such cireum- 
stances we can show that the acid and the base go to their 
proper poles, and that this acid is a hydracid, we have, I con- 
ceive, sufficient evidence that the salt has been dissolved as a 
hydracid salt ; for even laying aside for amoment the experi- 
ments by which I have endeavoured to show that the haloids, 
if existing as such in water, are not directly decomposed, 
let us take the different views of the nature of the galvanic 
action which suggest themselves when both poles are plunged 
into the solution in the ordinary manner, and consider them 
on the supposition that haloids are dissolved as such. First, 
let us suppose that one or other of the two substances, water 
or haloid, it matters not which, is decomposed, it is evident 
that we cannot account for the production of acid where 



358 Prof. Connel on the Voltaic Decomposition of Solutions. 

secondary action is excluded. Next let us suppose that both 
substances are decomposed, and that either the elements 
going to the same pole unite on their journey, or by an in- 
terchange of elements the oxygen of water unites with the 
metal of the haloid, and the hydrogen of water with the electro- 
negative constituent of the haloid. The former of these al- 
ternations is contradicted by the fact, that the acid formed is 
a hydracid; and the latter, although it might account for the 
formation of acid and alkali, would not account for the li- 
beration of the electro-negative constituent of the haloid at 
the positive pole, and of hydrogen in fixed and definite pro- 
portion at the negative, whatever be the strength of the so- 
lution. It appears to me then sufficient, in order to prove the 
aqueous solution of a haloid as a hydracid salt, to show the 
separation of the hydracid by voltaic action, under circum- 
stances which exclude secondary action. 

To exhibit this result the solution was placed in the tube B, 
fig. 2, (p. 243) and distilled water in A and C, A being made 
negative and B positive. When solutions of the chlorides of 
potassium and of calcium, and of the iodide of potassium were 
treated in this way by fifty pairs of two-inch plates, acid and al- 
kali were speedily detected at their proper poles in C and A, 
and on the corresponding sides of the vessel B, and continued 
to increase whilst the action lasted. The acid collected in C 
was found in the case of the chlorides to be the muriatic. 
In the case of the iodide the nature of the acid was somewhat 
ambiguous with the above power, but when seventy pairs of 
four-inch plates were employed it was decidedly the iodic. 
There appeared, however, little doubt that this latter acid 
had originated in an oxidating action at the positive pole on 
reduced hydriodic acid; and this view was confirmed by con- 
necting the tube B, containing a solution of iodide of potas- 
sium, with two other vessels, C and D, containing distilled 
water on the positive sides, as in fig. 4, and acting with seventy 
pairs of four-inch plates :—_ 

1g. 4 
N 2g 

A B c D 

when the acid produced in C was found to be the hydri- 
odic, and that in D the iodic; in other words, the acid separated 
from B was the hydriodic, but on passing to the poles it was 
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reduced, and the iodine oxidated; thus both in the case of 
chlorides and of iodides, the acid separated proved to be the 
hydracid. 

It must, however, always be remembered, that although 
such production can be readily shown in many cases of ha- 
loids, it does not necessarily follow that this would hold in all 
cases. Weare of course best prepared to expect it in the 
case of haloids, of which the constituents have the strongest 
affinity for oxygen and hydrogen, such as the ordinary ha- 
loids of the bases of the alkalies and alkaline earths; and ac- 
cordingly, I showed that it applied to chlorides and iodides of 
potassium and calcium. But further, it was found to hold 
good in regard to the ordinary haloids of the common metals, 
such as zinc. I was prepared, however, to consider it as 
doubtful what might be the result in regard to the noble 
metals. Accordingly, when a moderately strong solution of 
chloride of gold was placed in the tube B*, and connected 
by asbestus with the tubes A and C, which were filled with 
distilled water, A being made negative, and C positive by a 
power of fifty pairs of two-inch plates, no decided indications 
of the formation of acid were obtained during an hour’s action ; 
for although towards the end there was a slight acid reaction 
at the positive pole, it was not greater than distilled water itself 
might have yielded, and there was a trace of alkali at the ne- 
gative. Before, however, deciding that chloride of gold in 
solution does not yield to voltaic action, it would be neces- 
sary to repeat the experiment with a more powerful current, 
because it may possibly only be a case of more difficult elec- 
tric resolution. In such cases also atomic constitution may 
have a considerable, if not the principal influence, on the re- 
sult. 

Whenever we have obtained a decided instance of the for- 
mation of acid in the above circumstances, we may conclude, 
with every probability, that all haloids, of the same nature and 
atomic constitution, of metals, of equal or more powerful affi- 
nities, are in the same situation. ‘Thus having verified the 
rule for chloride of zinc, we may conclude that all proto- 
chlorides of more electro-positive metals, such as manganese, 
cerium, magnesium, barium, potassium, &Xc., are dissolved as 
muriates. On the other hand, for the whole series of metals 
of less powerful affinities, as well as for all haloids of more 
complex atomic constitution, the matter will still require to 
be investigated, and I purpose making some further re- 
searches on the subject. 

* Fig. 2. (p. 243.) 
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In regard to sal-ammoniac, I found that it was resolved 
into acid and alkali in the above circumstances, a result 
showing that in solution at least it is simple muriate of am- 
monia, and cannot justly be regarded as chloride of ammonium. 
The same reasoning above applied to the results with com- 
mon haloids, can be readily extended to the hypothetical 
chloride of ammonium ; and to complete the evidence on this 
point, I found that a solution of muriate of ammonia yielded 
the definite quantity of hydrogen from the negative pole. 

The experiments with a positive zinc pole lead to the same 
result, at least when taken in conjunction with those showing 
that the haloids, if viewed as existing as such in solution, are 
not directly decomposed. The oxide of zine which is dis- 
solved and transferred, must have been taken up by acid 
which had been previously drawn to the positive side. 

The analogy of the action with a positive zinc pole in al- 
coholic solutions of haloid salts, as formerly described, leads 
by similar reasoning to the view, that in moderately strong so- 
lutions of that description also, such as that of chloride of li- 
thium, iodide of potassium, and moderately saturated alco- 
holic solutions of chloride of calcium, the haloid decomposes 
the water of the alcohol, and exists in solution as an oxysalt. 
Many phenomena of the voltaic action on such solutions will 
thus receive a more ready explanation than on the idea of 
these salts being dissolved as haloids; such as the appearance 
of alkalies and earths at the negative pole, which will thus re- 
sult directly from the decomposition of a hydracid, instead of 
supposing the secondary action of the hydrogen and reaction 
of the metal on water. 

We cannot easily get the same evidence on this subject by 
the method applied to aqueous solutions, of placing the poles 
in water beyond the solution, because, from the inferior con- 
ducting power of the alcoholic solution, less acid will be se- 
parated if it truly exist in the liquid, and we cannot distin- 
guish whether it may not come from the point of junction of 
the alcoholic solution with the water in which the poles are 
placed. 

If alcohol dissolves haloid salts as hydracid salts, there can 
be little doubt that pyroxylic spirit does the same: I incline 
to think that the greater solvent powers of the latter fluid than 
the former in regard to some substances, such as barytes, are 
due to its greater absolute quantity of water, although not 
greater atomic proportion. 

V. On the Conducting Powers of Solutions.— Without going 
the length of holding that the additional conducting powers 
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bestowed on water by dissolved substances is exactly propor- 
tional to the degree of chemical change under voltaic actiun re- 
sulting from the dissolved body, there seems in every instance 
in which increased conducting power is bestowed some chemical 
change, or at least voltaic transference, attending the increase 
of conduction. This chemical change may result either from 
the direct action of the current or from secondary agencies ; 
and both circumstances lend their aid, where they occur, in 
augmenting conducting power. 

In the case of salts the voltaic separation of acid and alkali 
at once explains the result, and in many of such cases we have 
an additional effect from secondary action at one or both 
poles. 

Acids alone in solution, as is now generally known, and as 
I have myself verified experimentally for sulphuric acid and 
the hydracids, undergo transference to their proper pole, 
which circumstance appears to be the principal cause of their 
promoting conduction. In some instances secondary action 
at the poles also contributes to the result. 

To ascertain whether alkalies have a similar action by suf- 
fering transference, a moderately strong solution of caustic 
potash was placed in a tube B*, connected by asbestus moist- 
ened with distilled water, with two tubes, A and C, containing 
the latter fluid, A being made negative, and C positive by 
seventy-two pairs of four-inch plates. The whole tubes 
were covered with a close glass covering, a piece of turmeric 
paper having been introduced into the liquids A and C be- 
tween the asbestus and the poles. In a few minutes alkali was 
indicated at the negative pole, and went on increasing during 
half an hour, whilst the test paper in C was not discoloured, 
showing that the effect in A was not owing to capillary action. 
The experiment was then stopped, when the water in A, al- 
though not alkaline to test paper throughout, became de- 
cidedly so by concentration, whilst that in C showed no alkali 
even after concentration. 

In the experiments also already detailed, in which acid and 
alkali were separately drawn to the poles in distilled water 
from saline solutions, the alkali usually reached the pole as 
soon as the acid. 

There can thus be no doubt, that by voltaic action, the alkali 
in an aqueous solution is transferred to the negative pole. 

Water coloured by bromine gives sensibly more efferves- 
cence under galvanic action, showing a superior conducting 
power of the solution. 

The manner in which such simple substances increase the 

* Fig. 2. (p. 243.) 
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conducting power of water requires a little investigation. 
Chlorine, bromine, and iodine are generally admitted to be 
non-conductors themselves; and even if a little doubt may 
exist as to iodine in a state of fusion, it is scarcely possible that 
the minute quantity in an aqueous solution can operate in 
that way. 

To ascertain whether such substances were capable of 
transference in solution, an aqueous solution of bromine, with 
a little undissolved bromine at the bottom, to maintain a state 
of saturation, was placed in the tube B, the arrangement being 
in all other respects the same as in the last-described experi- 
ment with a solution of potash ; and after an hour’s action of 
seventy-two pairs of four-inch plates no discoloration from 
transference of bromine could be observed in the water either 
of A or of C; and the latter had only a scarcely perceptible 
smell of bromine, which I believe was due to the secondary 
decomposition of a trace of hydrobromic acid drawn into C, 
as both the liquids B and C showed some degree of acid re- 
action. 

An aqueous solution of iodine was then substituted in B 
for that of bromine, a little iodine being also left at the bottom, 
and all other circumstances the same, and the battery re- 
charged. After an hour’s action there was no appearance 
of iodine either in A or C. 

From these experiments, it is obvious that neither of these 
substances are transferred in solution by voltaic agency. We 
must therefore look for some other explanation of the in- 
creased conducting power, and that which readily occurs is a 
secondary action at the negative pole, by the union of hydro- 
gen with the dissolved substance. ‘To determine the accuracy 
of this view, the current from fifty pairs of two-inch plates was 
passed at the same time through a solution of bromine and 
diluted sulphuric acid, and the hydrogen evolved from the 
two negative poles collected, when after half an hour thirteen 
cubic inches were collected from the sulphuric solution, and 
only a bubble, the size of a pea, from the bromine solution : 
the difference had evidently combined with bromine. 
When an aqueous solution of iodine, which had previously 

been purified by sublimation, solution in alcohol and precipi- 
tation by water, was substituted for that of bromine, the ac- 
tion was much more feeble. In a quarter of an hour only 
a small bubble of gas was collected from each negative pole, 
and in two hours and a quarter ‘1 cubic inch from the sul- 
phuric solution, and :077 from the iodic. 

It is thus evident, that both in the case of bromine and 
iodine the action is increased by the combination of the dis- 
solved substance with hydrogen of the decomposed water, but 
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that, as is to be expected, this circumstance occurs to a much 
larger extent in the case of bromine than of iodine*, 

On connecting the rules regulating the voltaic decomposi- 
tion of solutions and the transference of substances held dis- 
solved, we observe that no substance, when in a state of trans- 
ference, suffers direct voltaic decomposition. Acids and al- 
kalies suffer transference, but not direct decomposition. On 
the other hand, salts, whether oxyacid or hydracid, are not 
transferred, but are resolved into their constituent acid and 
alkali. 
We cannot, however, say that every substance which is 

not transferred is directly decomposed. Thus we can hardly 
doubt that such compounds as bromide of iodine do not suffer 
voltaic transference, seeing that their constituent elements are 
not transferred ; and we have further seen that this combina- 
tion is not directly decomposed in solution. Probably also 
some cases of chlorides exist, in which, from peculiarity of 
atomic constitution, or other circumstances, there is neither 
transference nor direct decomposition. 

Erratum in the former part of this paper in No. 117: page 247, line 
44, for non-negative read now negative. 

LIX. On the Natural Arrangement of the Consonantal 
Sounds. By H. Wrpewoon, Esq. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 

S EEING from your last (February) Number, p. 124, that you 
do not consider speculation on such a subject foreign to 

the plan of your publication, I am induced to send you a 
scheme of all the simple consonantal sounds, exhibiting, in a 
tabular form, a complete synopsis of their relations with each 
other. 

The first point to be settled is the list of the sounds that 
are to be the subject of arrangement, which are far from co- 
inciding with those represented by the consonants of the 
English alphabet. In our mode of writing many simple con- 
sonantal sounds are represented by a combination of letters, 
and conversely, some of our simple consonants are used to 
represent compound sounds, while others are used on differ- 
ent occasions as the representatives of more than one simple 
or compound sound. 

* Long after these experiments were made and conclusions drawn, I 
observed that M. Becquerel had also found that bromine and iodine in 
solution unite with hydrogen under voltaic action.—Jnstitut, Juin, 1840.. 
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The letter C has in some situations the pronunciation of K, 
in others of S, and may therefore be considered superfluous in 
a system of which the object is the arrangement of sounds alone. 
The same may be said of Q, which is only used in combina- 
tion with U, to represent the sound KW; and of X, which 
is pronounced GS, or KS. 

The sound of S in /ezsure, pleasure, or of Zin azure, is a 
simple articulation, identical with the French pronunciation 
of the letter J, but having no exact representative in the En- 
glish alphabet, in which the sound of J or G soft is a com- 
bination of the last-mentioned sound with a D immediately 
preceding. 

The simple sounds expressed by double letters are those 
of SH; TH in ¢hzn, and 'TH in then, and NG in bring, hang. 

In addition to the foregoing, the guttural articulations 
GH, CH, which we do not possess in English, are also simple 
sounds. Of these, the former is very common in Dutch (in 
which it is the pronunciation both of G and CH) and 
Gaelic; the latter in German and Lowland Scotch. 

The following, then, will be found to be a complete list of 
the simple consonantal sounds arranged according to the or- 
gan employed in their pronunciation. 

Gutturals: K, G, NG, CH, GH, H, pronounced by a 
constriction of the upper part of the throat and base of the 
tongue. 

Labials: P, B, M, F, V, W, pronounced by the motion of 
the lips. 

Dentals: T, D, N, TH (in thick), TH (in this), L, pro- 
nounced by the pressure of the front of the tongue against the 
teeth or front of the palate. 

Palatals: S, Z, R, SH, J (French), Y, pronounced (as it 
appears to me) by the pressure of the sides of the tongue 
against the palate, leaving a passage for the air more or less 
free through the middle. 

The first relation of which we shall take notice between 
sounds of the same organic class in the foregoing arrange- 
ment, is that which distinguishes the classes of Tenues and 
Medials, as they are commonly called; for which, however, 
a more characteristic appellation would be spirants and 
sonants respectively; inasmuch as the former class are pro- 
nounced by a mere expiration not falling within the musical 
scale; the latter, by a fundamental note of the vocal instru- 
ment, the organic articulation being in other respects the 
same in corresponding consonants of either class. 

The consonants commonly arranged under the heads of 
Tenues and Medials, are the following only :— 
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Tenues. Medials. 

K G 
P B 
Ay D. 

It could not, however, altogether escape notice, that the fol- 
lowing sounds stood in precisely the same relation to each 

other :— Vv 
F 
TH (in thick) TH (in this) 
CH (German) GH (Gaelic) 
Ss Z 
SH J (French). 

The complete list of spirants and sonants will then be as 
follows :— 

| 
Spirants. Sonants. 

| K G 
Gutturals { Gy (Germ.) GH (Gaelic), G (Duteh) 

Labials... fe PH ¥ 

“ir D 

Dentals... {0H (in thick) TH (in this) 

S Z 
Palatals... {SH J (French) 

In casting our eye over the foregoing table, we can hardly 
fail to remark that the spirants of each organic class consist 
of a pair of consonantal sounds, of which the latter is, in every 
case except the first (in which the K is replaced by an equi- 
valent C), represented by the same letter with the former, 
with the addition of an H subjoined; and there is an obvious 
tendency to the same mode of expression in the sonant 
column. 

It is evident, then, that in the spzran¢ column at least, a 
constant relation has been felt between the sounds of the 
former and latter rank of every organic class, a relation 
which may pretty accurately be expressed by calling the 
sounds of the latter rank a thick pronunciation of those of 
the former rank, although it is not easy to describe the me- 
chanical arrangement of the organs of speech upon which 
such a modification depends. ‘There can be no question that 
the same relation holds good between the consonants of each 
organic class in the sonant column, It is certain that V bears 
precisely the same relation to B, or J (French) to Z, that F 
bears to P, or SH to S. 

In the ordinary arrangement of the mutes under the heads 
of Tenues, Medials, and Aspirates, the character of sound 
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designated under the name of aspirate is treated as a modifi- 
cation analogous to that which gives rise to the classes of 
spirants and sonants, and thus the fact is overlooked that both 
spirants and sonants of every organic class have their correla- 
tives among the aspirates or ranks of thick pronunciation. 

Tenues. | — Medials. | Aspirates. 

K | G ‘77 CH 

RS ee ee ede atten 
span pics Py eRe pe 

The remaining consonantal sounds are N, G, H; M, W; 
N, L; R, Y, which may be called liquids, from the facility with 
which they coalesce with other consonants; or neutrals, from 
not admitting of modification by spirant or sonant pronuncia- 
tion. 

The tabular arrangement of the entire series may then be 
completed as follows :— 

Spirant or Sonant or | Neutral or 
Tenuis. Medial. Liquid. 

Gattaral Pure or Clear K G. NG 
Seis se ahi or Thick} CH (Germ.) |GH, G (Dutch) H 

Labial A Chas or Clear R é B. M 
Aspirate or Thick i Depa Et 4 | V, W (Germ.) W 

N 
L 

Thansel fine or Clear f D. 
a 3a $< Aspirate or Thick/TH (in thick) | TH (in this) 

Palatal Pure or Clear Ss Z, S( Germ.) R 
eee Aspirate or Thick SH J (French,) |Y,J (Germ. 

Italian), 

The characteristic of the sounds of the latter column ap- 
pears to me to be, that they are each produced by a sta- 
tionary condition of the vocal organs most nearly approaching 
to that to which the mouth must be reduced immediately be- 
fore the pronunciation of the corresponding sonant or spirant. 

Hence the peculiar facility with which the sound of NG is 
combined with that of G, M with B, N with D, L with TH, 
and R with S; and although we cannot illustrate, in the same 
manner, the relation of H with GH, CH; of W with V and 
F, and of Y with J (French) and SH, yet it seems to me to 
be of the same character, and certainly no one can doubt the 
intimate connexion of each of the last-mentioned groups of 
sounds. 

16, Gower Street. H, Wepewoop. 
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LX. Notices of the Results of the Labours of Continental 
Chemists. By Messrs. W. Francis and H. Crort. 

[Continued from p. 293.] 

Benzoénitric and Cinnamonitric Acids. 

i the Annalen der Pharmacie, vol. xxx. p. 341, is a paper 
on Balsam of Peru, by Plantamour, in which a peculiar acid 

is mentioned, viz. the carbobenzoic; in vol. xxxiv. p. 297, is 
a treatise by Mulder on the benzoénitric acid; and in the 
Journal fiir Praktischen Chemie, vol. xxii. p. 193, one by Mit- 
scherlich on cinnamonitric acid. These three papers are so 
intimately related that it is better not to separate them at all, 
but to consider them in one report. 
When benzoic acid is boiled with excess of nitric acid, it dis- 

solves and colours the fluid red; binoxide of nitrogen is given 
off. The development of gas ceases after boiling for several 
hours, and the solution becomes colourless. From the cold 
solution crystals similar to benzoic acid are deposited, the 
fluid eventually becomes one solid crystalline mass, from which 
the benzoénitric acid may be extracted by boiling water 
(Mulder). According to Mitscherlich, the evolution of bin- 
oxide of nitrogen is accidental; it arises from the action of 
nitric acid on the already formed benzoénitric acid; it is 
therefore not necessary to boil the fluid for any length of 
time. 

The same acid is produced by the action of nitric acid 
on several substances which have been said to be converted 
into benzoic acid by nitric acid. Some substances first form 
benzoic acid, as is the case with cinnamic acid and oil of 
cinnamon when treated with dilute acid. Plantamour did 
not discover the nitrogen in this acid: he gave the formula 
Cis He Os; Mulder and Mitscherlich’s formula is C1* Hs O* 
+ N?O%, or C'* H'° Os N? —H20O. 

This acid separates from water as a crystalline mass, it is 
easily soluble in boiling water, and if there is not sufficient todis- 
solve it all, an oleaginous substance is formed which is heavier 
than water ; benzoic acid has the same property. At 10° C, 400 
parts of water dissolve one part of the acid, at 100° ten parts. 
It is easily soluble in alcohol and ether; melts at 127°, and 
begins to sublime at 110°; the pure acid sublimes unchanged ; 
chlorine has no action on it. Benzoénitric acid is not easily 
decomposed by heated sulphuric acid; it becomes red, and 
then contains an acid which gives a soluble salt with baryta. 
The benzoénitrates are for the most part soluble in water and 
alcohol, crystallizable, explode by heating, and when gently 
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warmed give off nitrobenzid. The potash salt crystallizes 
in acicular crystals, and, by heating gives much nitrobenzid ; 
the soda salt is deliquescent (Mulder), easily crystallizable 
(Mitscherlich), The ammonia salt easily loses ammonia and 
forms a bisalt. ‘I'he lime salt is acicular, and contains two 
atoms of water, which are driven off at 190°. The baryta 
salt loses four atoms of water at 100°. ‘The strontia salt loses 
two atoms and a half at 130°. When acid nitrobenzoate of 
ammonia is dropped into a solution of sulphate of zinc, a ge- 
latinous basic salt is formed, the filtered solution gives lamel- 
lular crystals, C'* HS N? O7 + Zn O45 Aq. The basic salt 
contains four atoms of base to one of acid. The manganese 
salt crystallizes with one atom of water. The copper salt is 
a blue powder soluble in hot water; contains one atom of 

water. There are two salts of lead, a simple benzoénitrate 
and a benzoénitrate, 5 (C'*H® O7 N’ + PbO) + PbO. The 
silver salt is partly soluble in water, gives much nitrobenzid 
when carefully heated, &c. &c. (Mulder). 

The cinnamonitric acid is formed by adding puiverized cin- 
namic acid to strong nitric acid ; the temperature must not rise 
above 60°. The cinnamic acid is at first dissolved, the mix- 
ture soon becomes hot, and a crystalline substance separates ; 
it is washed with water, dissolved in and crystallized from al- 
cohol. It is white with a trace of yellow, melts at 270°; 
heated above 270° it boils and is decomposed. Almost inso- 
luble in boiling water. At 20° is soluble in 327 parts of al- 
cohol, and by this property may be easily separated from other 
acids. Cinnamic acid is soluble in 4°2 parts, benzoic in 1°96, 
and benzoénitric in somewhat less than its own weight. 

Cinnamonitric acid, when boiled with a small quantity of 
water, does nof form the oily body mentioned above; is 
somewhat soluble in boiling hydrochloric acid without de- 
composition. Its salts with the alkalies are easily soluble; the 
other salts are either difficultly soluble or insoluble. The 
potash and soda salts form verrucous crystals; when an excess 
of potash is added to the potash salt, prismatic crystals are 
obtained. The ammonia salt decomposes like the benzoate, 
Of all the others the magnesia salt is the most soluble. ‘These 
salts explode. 

The ether is formed by heating cinnamonitric acid with 
twenty parts of alcohol and a little sulphuric acid for several 
hours, at a temperature not above 80°. The acid is dissolved, 
and the fluid when cooled deposits the zther in prismatic 
crystals; the ether is not decomposed by ammonia. It 
melts at 136°, and boils at 300°, at which temperature it is 
partly decomposed. 
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Several acids of similar composition give crystallizable 
ethers; the most beautiful is that of benzoénitric acid 
(Ct H» O, C Hs N° 07). The following crystallize well: 
picrinnitrate and anisinnitrate of athyloxide, and the benzoé- 
nitrate of methyloxide. 

Cinnamic acid may be very easily distinguished from ben- 
zoic acid by the formation of the cinnamonitric acid. The for- 
mula is C's H'? N? O7, or C* H'* Os + N?O: — H?O. The 
uncombined acid is C's H'* N? O%, 

If more than one part of cinnamic acid is added to eight 
parts of nitric acid, the temperature rises above 60°, and ben- 
zoénitric and another, as yet unexamined, acid are formed. 
The crystallized acid (benzoénitric) contains one atom of 
water, according to Mulder; he calls it * acide nitroben- 
zique:” benzoénitric is more applicable. 

Cinnamic acid does not combine with sulphuric acid as 
benzoic acid does. By distilling cinnamic acid with lime, 
carbonate of Jime and carbon remain béhind, and the product 
is a mixture of several substances; it smells like benzin, but 
is fluid under 0°; it perhaps contains some benzin, but is 
certainly a mixture. ‘The same is the case with the products 
obtained by passing camphor and oil of cinnamon through a 
red-hot tube, according to the experiments of H.C. (D’Ar- 
cet’s fluid, which is said to be like benzin, but to boil at 140°, 
I could not obtain; the oil procured began to distil at 140°, 
but the boiling point rose to 250°.—H. C.) 

Ferric Acid. 
M. Fremy has found that if a mixture of the per- 

oxide of iron and potash, or better one of peroxide of iron 
and nitre and potash, or also peroxide of potassium be kept 
for a time at a lively red heat, a brown mass is obtained, 
which, when treated with water, affords a very beautiful violet 
solution. ‘The combination contained in this solution can 
likewise be formed in the moist way, by passing chlorine into 
a very concentrated solution of potash in which the hydrate 
of the peroxide of iron is suspended. The combination pre- 
pared in either way is of a beautiful violet, very soluble in pure 
water, insoluble in alkaline water, in which it forms a brown 
precipitate, which redissolves in pure water with a purple co- 
lour. It appears to be less stable than the manganate of 
potash. Under certain circumstances (for instance, with time 
in much water), it decomposes at the common temperature 
into peroxide of iron, which falls to the ground, and into oxy- 
gen, which escapes, while all colour disappears. A tempera- 
ture of 100° produces the same decomposition instantaneously, 

Phil, Mag. S, 3. Vol. 18, No. 118, May 1841. 2B 
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It is decomposed by all organic substances, from which cause 
it is impossible to filter the solution. Hitherto all attempts 
to isolate the combination have proved unsuccessful. When 
the red solution is treated with an acid and the potash nearly 
saturated, peroxide of iron is thrown down and oxygen dis- 
engaged.—-Comptes Rendus, vol. xii. p. 23. 

On the series of Bodies derived from the fuming liquor of 
Cadet (Alkarsin). 

In a paper entitled ‘‘ Researches on the Cacodyl Series,” 
Annalen der Chemie und Pharmacie, xxxvii. p. 1, Dr. Bunsen 
has described the products of the decomposition of alkarsin. 

The primary member of this series has the formula 
C H® As’, and therefore represents common alcohol, in 
which two atoms of oxygen are replaced by two of ar- 
senic. This body may be taken as an excellent repre- 
sentative of the organic radicals. The arsenic in these com- 
pounds cannot be completely oxidized by nitric acid ; more- 
over, it cannot be determined by means of the usual oxidizing 
substances, or of oxide of copper, because explosions fre- 
quently occur, and the separation of arsenie from copper is 
difficult. The best substance is oxide of nickel, which may 
be prepared by heating the sulphate to a white heat; by 
burning the compound with this oxide the arsenic is fully 
oxidized, but not so the carbon and hydrogen. The tube for 
burning is connected with a Liebig’s condenser, containing 
water; if the analysis has not been well conducted this water 
acquires a smell of alkarsin. The contents of the tube are 
quite soluble in aqua regia; the solution is treated with sul- 
phuric acid to drive off the nitric acid, evaporated to dryness, 
moistened and filtered: in this solution the arsenic may be 
determined in the usual method. The carbon and hydrogen 
may be determined by burning the compound with oxide of 
copper or chromate of lead; if oxide of copper be used, a 
rather long tube must be employed, the anterior part of which 
is filled with chromate of lead or copper turnings. In pre- 
paring these compounds all the vessels must be filled with 
carbonic acid. 

Oxide of cacodyl, alkarsin (vide Annalen xxiv. ; also Du- 
mas, Annalen, xxvii.) Formula Ct H'* As*,O. Specific gra- 
vity of the vapour, found by experiment, 7:555, calculated, 7°832. 

This body reacts perfectly neutral, but combines with acids, 
and in this respect is similar to some inorganic bodies, which 
are half base half acid. Phosphoric acid dissolves a large 
quantity of it, and forms a stinking thick fluid which does not 
crystallize. The alkarsin may be distilled over from this 
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compound unchanged. Dilute cold nitric acid forms with 
alkarsin a thick fluid. Alkarsin is dissolved by digestion 
with concentrated hydrous sulphuric acid; the liquid on cool- 
ing forms a mass of small white acicular crystals : they may 
be freed from the matrix by pressure between paper, deli- 
quesce in the air and react acid. Nitrate of cacodyloxide 
gives peculiar precipitates in metallic solutions, but their na- 
ture is not as yet determined. With the hydracids alkarsin 
forms water and a haloid salt. It extracts the oxygen from 
the oxides of mercury, silver, gold, &c.: even arsenic acid 
and indigo are reduced by it. Alkarsin may be used as a 
test for the presence of arsenic. If the substance obtained 
by Marsh’s apparatus be boiled with water until dissolved, 
and a little potash and acetic acid added, and this solution 
evaporated to dryness, the mass when heated in a glass tube 
gives the horrible smell of alkarsin, if any arsenic be present : 
antimony has no such effect. If a drop-of protochloride of 
tin be added to the heated substance, the characteristic smell 
of chloride of cacodyl is developed. 

Sulphuret of cacodyl, Cd S, is obtained by distilling chlo- 
ride of cacody] with hydrosulphuret of barium, BaS, HS; hy- 
drosulphuric acid (sulphuretted hydrogen) is given off. The 
distillation with the hydrosulphuret must be repeated. The 
water and excess of HS may be removed by chloride of cal- 
cium and carbonate of lead; the fluid must then be carefully 
protected from the air. The acid fluid which accompanies the 
Cadet’s fluid gives a considerable quantity of this protosul- 
phuret when treated with the above-mentioned barium salt. 
The aqueous solution of cacodylic acid (alkargen) when 
treated with hydrosulphuric acid also gives it. In an alcoholic 
solution the higher sulphuret is produced. 

CdS isa clear ethereal liquid which does not fume in the 
air, of a disagreeable penetrating odour, which reminds one 
of alkarsin and mercaptan. Does not become solid at 
— 40° C,: distils over with water, although its boiling point 
is much higher than 100°. Easily inflammable in the air; 
the sulphur is perfectly oxidized by strong nitric acid. It is 
nearly insoluble in water, but communicates to it a strong 
smell; may be mixed with zther and alcohol in all propor- 
tions; combines with sulphur into a crystalline sulphuret. 
Selenium also forms a similar compound, which crystal- 
lizes out of ether in colourless lamine. Iodine forms a cry- 
stalline substance. Oxygen converts it into alkargen, and an, 
as yet, unexamined crystallized matter. Hydrochloric acid 
forms Cd Cl + HS. Sulphuric acid gives Cd O, 8+ HS, 

2B2 
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&c. &c. Acetic acid does not decompose it. Formula CdS, 
or Ct H" As’, S. Specific gravity of vapour 7°72, calculated 
8°39. 

Protoseleniuret of cacodyl, C+ H'? As*, Se, or Cd Se: pure 
chloride of cacodyl is distilled several times with a solu- 
tion of seleniuret of sodium: it is a transparent yellowish 
fluid of very unpleasant smell; insoluble in water, soluble in 
ether and alcohol; absorbs oxygen and deposits colourless 
crystals: burns in the air witha blue flame. Nitrate of silver 

gives with Cd Se, Ag Se + Cd O, N. Corrosive sublimate 

gives first black seleniuret of mercury, and then a white pre- 
cipitate, viz. hydrargochloride of cacodyloxide. This com- 
pound is soluble in hot water, and crystallizes from it on 
cooling. 

Protocyanide of cacodyl, Cd Cy, is formed by distilling 

concentrated hydrocyanic acid with alkarsin, or better by 
treating a strong solution of bicyanide of mercury with alkar- 
sin. By distillation an oily fluid collects under the water, 
and on cooling forms large beautiful prismatic crystals; these 
crystals are then distilled over baryta, &c. &c. Melts at 32°C.; 
boils at about 140° C.; burns in the air with a reddish-blue 
flame. Soluble in ether and alcohol, but little in water. It 
is the most poisonous of all the cacodyl compounds, and one 
must be excessively careful in experimenting with it. A so- 
lution of silver gives cyanide of silver with Cd Cy. The ni- 
trate of the dioxide of mercury is reduced by it, not so the 
nitrate of the oxide. Sublimate gives the hydrargochloride 
of cacodyloxide, &c. &c. Formula C* H'? As’, N? C?; spe- 
cific gravity of the vapour 4°63, calculated, 4°547. The spe- 
cific gravity of the vapour of cacodyl, Ct H'® As’, must 
therefore be 7281. We must reserve the conclusion of this 
paper for our next. 

LXI. On the Isomorphismof Oxamethane and Chloroxamethane. 
By M. F. pe 1a Provostayn, Professor to the Faculty of 
Rennes*. 

MONGST the numerous and important researches to 
which the theory of substitutions has already given birth, 

those of M. Malaguti upon chloroxalic ather+ are without 
doubt some of the most remarkable. We here see two com- 
plete series of products, all derived from each other without 
destruction, and by simple combinations or transformations ; 

* From. the Annales de Chimie et de Physique, vol. lxv. p. 322. 
+ An Abstract of this paper will appear in our next Number,—Epi7, 
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series which constantly present, on one side hydrogen, and on 
the other chlorine which takes its place atom by atom. It 
is certainly impossible to imagine a chemical isomorphism 
better established and more perfectly characterized; never- 
theless I know not whether up to the present time it has been 
possible to prove crystallographical isomorphism either for 
these products, or for the products obtained by similar sub- 
stitutions*., Most frequently indeed. the two substances, or at 
least one of them, does not crystallize, and isaltogether incapable 
of exact measurement. To any one remembering the beautiful 
researches of M. Mitscherlich and the very important con- 
sequences which flow from them, it was, however, of the 
highest interest to arrive at an accurate solution upon this 
point. M. Malaguti’s kindness has enabled me to give it. 
This chemist sent me some crystals of oxamethane and of 
chloroxamethane. The former had been obtained by the 
cooling of an zthereal alcoholic solution, the latter had been 
formed in a solution simply ethereal. They were perfectly 
beautiful, and capable of being measured. Now the result of 
their examination is, that these two substances are isomor- 
phous. I here give the determinations on which this asser- 
tion is founded. . 

The chloroxamethane belongs to the rhombic (right rectan- 
gular prismatic) system; it crystallizes in the form of a prism 
with a rectangular base /, the angles of which are of 60° and 
120°. 

At each summit are two faces o forming the bevil, which in- 
tersect each other at an angle of 108° 54! 

wake very nearly. We have then 

Measured angles, 

B | Dey) = 120° 

Z :1 onthe other side = 120° 

P:o0 = 125° 30'— 35’. 

Oxamethane crystallizes in excessively thin flexible lamina, 

* M. Laurent has preferred a claim in the Comptes Rendus de l’ Institut, 
on the subject of this note. In a memoir presented to the Academy some 
months ago, but which has not yet been published, he announced that 
certain naphthalic combinations, in which chlorine takes the place of hydrogen, 

are isomorphous. 1am far from wishing to dispute the merit of these 
conjectures; but as a fact of this nature can only be established by mea- 
sures, which he had not taken, I still think I may say that oxamethane and 
chloroxamethane present the first, and until now, the only example of iso- 
morphism, really proved amongst these two classes of substances, 
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the measurement of which is rather difficult although the faces 
are brilliant. The summits are almost always 
altered; they are, however, found capable of 
measurement on very small crystals. 

o 

lM | Measured angles. 

P: 0 = 125° 25'—35’ 

P:h =~ 151° 30'—50! 

P:M = _— 132° 30/—45! 

The result of these measurements is that oxamethane also 
belongs to the rhombic system. The angle of the two faces 
which form the bevil at the summit is the same as the corre- 
sponding angle of the crystals of chloroxamethane. As to the 
vertical planes, the angles are different; but it is easy to see 
that the two forms may be derived from the same fundamental 
form. In fact, the calculated axes, by taking M for the pri- 
mitive prism, are 

Vertical axis .. 02 ee eee ee ee eee) G2 SOMES 
Horizontal axis turned towards the observer 6 = 1 
Horizontal axis directed from left to right ¢ = 0:924. 
By setting out from these axes, we have, for the notation of 

the faces and for the calculated value of the angles, 

Notation. 
a 
Chloroxamethane. auras 

V 
o= Po, GzP ws 

V V 
P=o0 Po, P=aPo, 

V 

C= oa a 

M =o P; 
V 

h=m PQ. 

Calculated angles. 
TTT TE ee | i 

P:2 = 120° P: M = 132° 43! 
1 : 1 on the other side = 120° P:hk = 151° 34! 
P:0 = 125° 33’ P:o0 = 125° 33! 

The agreement between the observed and the calculated 
values is such, that it is impossible that the isomorphism can 
be doubtful. 
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invisible Organic Bodies : from the Observations of Dr. Ehren- 
berg*. By Tuomas Weaver, Esq. F.R.S..F.GS., 
M.RLA., Sc. $e. \ 

i Ns remarkable discoveries effected, and the new light 
thrown on geology by the indefatigable researches of Dr. 

Ehrenberg, during several years past, through the medium of 
the microscope, particularly in respect of the Infusoria and 
Polythalamia tribes, highly instructive and interesting as they 
must be to all naturalists, are especially so to the geologist, 
since they open to him a large field of inquiry, eminently de- 
serving of cultivation. To draw attention to this subject, which 
involves no less than an investigation as to what extent minute 
organic bodies, invisible to the naked eye, may have contri- 
buted to the production of all limestone formations, whether 
of an origin posterior or anterior to the epoch of the chalk, 
descending thus in the series to the primary limestones, it ap- 
eared to me that a sketch taken from a portion of the labours 

of Dr, Ehrenberg might be not only useful, but especially ac- 
ceptable to such geologists as may not be conversant with the 
language of the original. I propose then, in the first instance, 
to advert briefly to the earlier researches of Dr. Ehrenber, 
concerning the Coral tribes in general, and those of the Red 
Sea in particular{; and in the second, to present such extracts 
from the Memoir, the title of which stands at the head of this 
paper§, as may answer the purpose of a general view. 

At the instigation of the Royal Academy of Sciences of Ber- 
lin||, Dr. Ehrenberg and his friend, the late Dr. Hemprich, 

* Communicated by the Author. 
+ With an Appendix touching the researches of M. Alcide d’Orbigny. 
t See in the Abhand. der Konig. Acad. d. Wissenschaften zu Berlin for 

the year 1832 :— 
1, Contributions to the physiological knowledge of the Coral animals in 

general, and in particular of those of the Red Sea, with an attempt to clas- 
sify them according to their physiological distinctions; read 3rd March, 
1831, with additions printed Ist Dec. 1833, pp. 225-380. 

2. On the Nature and Structure of the Coral Banks of the Red Sea, read 
22nd March 1832; revised and printed in Feb. 1834, pp. 381-432. 

§ Ueber die Bildung der Kreidefelsen und des Kreidemergels durch un- 
sichtbare Organismen, in the Transactions of the Royal Academy of Sciences 
of Berlin, for the year 1838, read 20th Dec. 1838, and 18th Feb. 1839, 

Pri See the Report read to the Academy by M. Alr. von Humboldt on the 
Travels of Doctors Ehrenberg and Hemprich through Egypt, Dongola, Syria, 
Arabia, and the Eastern declivity of the highlands of Abyssinia, in the years 
1820-1825, conveying a clear idea of the arduous and extraordinary la- 
bours of those gentlemen in all branches of Natural History: Berlin, 1826. 
Dr. Hemprich fell a sacrifice to his exertions in Abyssinia, on the 30th of 
June, 1825, 
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visited the Red Sea during a period of eighteen months, name~ 
ly, nine months from the year 1823 to 1824, and an equal 
number jn 1825, having been nearly twelve months of the time 
on board ship, in which interval they passed over nearly the 
whole extent of that sea, saw many of its islands and coral 
banks, and landed with a view to special examination on forty- 
eight different points of the two coasts; but the whole number 
of islands and special points of the coast seen by them amounts 
to about 150, independently of the long coast of Sinai in Ara- 
bia, which they examined in continuity. In these laborious 
efforts, attended with extreme danger, they collected 110 spe= 
cies of Coral animals, being nearly three times as many as had 
been found or described by all former observers, namely, by 
Shaw, Forskal and Savigny, and later by Riippel. 

To determine the subjects of that collection with the greater 
precision, it became necessary to undertake a review of the 
whole class of the Coral animals, and the more so as Dr. 
Ehrenberg found that his own observations were frequently 
in collision with the systematic distinctions that have prevailed 
up to the present time. In this review the author has espe- 
cially compared the four most recent extensive systems, name- 
ly, of Schweigger in 1820, Rapp in 1829, Cuvier in 1830, and 
Blainville likewise in 1830, which may be said to embody the 
judgment of the present generation upon the labours of earlier 
periods, and to comprise the sum of existing knowledge in 
this department of natural history. He has in particular 
turned his attention to the work of Blainville *, since it con- 
tains the greatest number of new details, having been enriched 
by the latest manuscript observations and drawings of Quoy 
and Gaimard, the result of their second voyage round the 
world with Capt. D’Urville. In these newer works, the la- 
bours of Lamarck having been critically employed, the author 
was relieved from the necessity of noticing them in a special 
manner. 

The attempt to reconcile the observed discrepancies led the 
author to separate the Coral animals into two organic natural 
groups, which are well marked and distinct from each other, 
and which he named Anthozoa (Flower-animals) and Bryozoa 
(Moss-animals). In the course of these researches the author 
found that the whole group of the Anthozoa, which consist of 
the proper (single-mouthed) coral animals, and which had 
been gradually distributed under more than 158 generic names, 
including even heterogeneous animals and plants, might, ac- 
cording to his own observations of their correspondence in 

* Dictionnaire des Sciences Naturelles, 1830. 
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affinity and relations of structure and development, be reduced 
to eighty-six genera, but which number might perhaps be still 
further diminished, as a few genera might be classed as sub- 
genera. The Anthozoa he has divided into two orders, Zoo0- 
corallia (Animal-corals) and Phytocorallia (Plant-corals). In 
the Memoir is given a systematic description of the Orders, 
Tribes, Families, Genera and Species of the Anthozoa, while 
further details are reserved for the author’s work, entitled, 
Symbole Physica. The subjoined Table will show the general 
arrangement, extending to the genera. 

ANTHOZOA. 

Ore ventriculoque distinctis, tubo cibario anoque discreto nullis, corpore 
intus radiatim lamelloso. (Vibratio nulla, gemmez et spontanea divisio 
frequentissimz.) 

Orvo I.—Zoocorattia. 

Corpore aut omnino molli, aut Cephalopodum more intus lapidem gene- 
rante (secernente nec excernente) hinc szepe omnino libera et, preeter for- 
mam, animalium characteres omnes perfectius servantia. 

Species. 

Of the Red Sea, 
aE aa 

; | 2 2 

ee We hei 
2.8 oe ee 

(i 16 29 1. Actinia. 
“: 1 1 2. Metridium. 

ore : coo 1 1 3. Megalactis. 
oe gene ee 1? aaa 1? 4. Thalassianthus. 

Species living . 50. + 4 - oe Exibrinas 
In the Red Sea 23 a 1 3 6. Actinodendron. 

F rns as 1 1 7. Epicladia. 
‘S ans 1 1 8. Heterodactyla. 
8 vas cee 3 one 9, Lucernaria. 
= Tay 2 3 10. Hughea. 
<& | Fam. Il. Zoanrurna. 1 Ae 2 11. Zoanthus. 
a Genera 4. Fossil 2. 1 1 4 ae 12. Mammillifera, 
S Species living . 12. = 2 3 eee 13. Palythoa. 
5 In the Red Sea 7. eee ° F F. Siphonia. 
8 “ec eos eee F. Lymnorea. 
Ss os 1 3 F. 14. Pungia. 

eee ads 1 5 eve 15. Haliglossa. 
pata 4 abel ay a ASS 3 |... | 16. Polyphyliia. 

Species living . 12. Te Vie “TD i es ake Ceagh 
e % ? mae ? . . Turbinalia. 

In the Red Sea 3. een F. 19. Trochopsis. 
i eee eee F. Diploctenium. 
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Species. 

Of the Red Sea. 
eee es 

ee ee 
z bo h| is : 
3 Ez 3 Pk oal Genera, 

25 pores 
j Pemn> LY, Xora 4c ahs 3 .. | 20. Xenia. 

Seeds eng 7 spiel | 21. Anthelia, 
athe Rediaea T'S: ess obs nae 22. Rhizoxenia. 

Fam. V. TUBIPORINA. 
Genus 1. : 
Species living "28. we 1 «+. | 28. Tubipora. 

8 In the Red Sea 1. 
5 B 1 1 “0 24. Haleyonium. 

~ | & | Fam. VI. Hatcyonrna. was 5 2 ; 25. Lobularia. 
ie; 3 Genera 6. at 2 2 26. Ammothea. 
ee Species living 28. °e 2 4 “96 27. Nephthya. 
ep as In the Red Sea 13. eas 3 8 He 28. Sympodium. 
a | § “ wee 1 ws. | 29. Cliona. 

= | Fam, Vil. PesnaruLina, (|. a 4 «» | 30. Veretillum. 
[NS (a) Hatiscertna, 4 eos a 1 +» | 31. Pavonaria. 

| Sn sea eae y ants buagit 1 | .... | 32. Umbellularia. 
ibe Saw es ea Pee . Scirpearia, 

In the Red Sea 0. | 5 Sasairna ae 

(6) Haviprenra. ‘a 2 |... | 34. Renilla, 
micas 4 ee he se 3 F.? | 35. Virgularia. 
pecies living . 10. 

Ta the Bed Seat, one : 5 eee 36. Pennatula. 

Fam. VIII. Hyprina. 
d Genera 2. a ote 4 .. | 37. Hydra. 
a Species living . 6. tee oie 2 38. Coryna. 

| 2 In the Red Sea 0. 
= | & | Fam. IX. Tusunaria. tee 2 4 39. Syncoryna. 
n|o Genera 4. ses E: 3 40. Tubularia. 
als Species living . 12. od : 4 ... | 41. Eudendrium. 
ala In the Red Sea 0. se it 1 .. | 42. Pennaria. 
= | 5 | Fam. X, SeERTULARINA. 

3 Genus 1. Ah eS 4 ... | 438. Sertularia. 
N Species living . 4. 

In the Red Sea 1. 

ZOOCORALLIA... 5 49 151 8 
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Orpo II.—PuyTocoRALLIiA. 

Corpore aut lapideam aut corneam materiam adglutinantem secernente, 
ac dorso (solea) excernente ejusque ope semper adnato (Ostrearum more). 

Species. 

OO 
Of the Red Sea, 
ee 

= B. & FB om Genera. 
2 ta | 3 a 
2 Ee = 
se | 22 | 8 
a 16 - 

; 2 .» |44, Desmophyllum. 
ste as 3 ... |45. Cyathina. 
aoe 1 1 F. |46. Stephanocora. 
Sin a 3 F. |47. Monomyces. 
ave 1 9 F. |48. Oculina. 

p Familia XI. OcELLINA. apd 4H 4 F. |49. Turbinaria. 
Genera 14. Fossil 12. Ape 3 8 F. |50. Explanaria. 
Species living 41. - ae 6 F. |51. Cladocora. 
In the Red Sea 7. iis Fe war F. | 52. Columnaria. 

sas 1 1 F. |538. Strombodes. 
aaa te a F. |54, Cyathophyllum. 
uae ris af F. |55. Pterorrhiza. 

a Nad sit 1 4 F. |56. Anthophyllum. 

m | Ss '6 see de> fay F. |57. Stylina. 
n ow 

Py 38 2 ee ee 1 2 7 ... |58. Caryophyllia. 
aj)e> (a) ASTREINA. 4 7 F. |59. Favia 
me ia 9 Genera 4. Fossil 3. eae ; , : ae |e a apes ue 8 14 F. |60. Astrea. 

Species living 28. F Ghickinvinitds 
In the Red Sea 15. ae rcs i's : 4 é 

Ay, 2 7 F. |62. Meandrina. 
(8) Mzanprina. te 2 12 F, | 63. Manicina. 

: bee Be 1 »»» |64. Merulina. 
Genera 7. Fossil 6. 3 

st ee wee 1 4 F. |65. Pavonia. 
Species living 28. ts aa. 2 F. | 66. Agaricia. 

i Ba the Fad O95. 5 2: eee i 2 F. | 67. Polyastra. 
ae A es F. | 68. Monticularia. 

Fam. XIII. MADREPORINA,| f{ «- 7 21 ... |69. Heteropora. 
3g Genera 3. Fossil 3. cee 17 20 F. |70. Madrepora. 

Ss bed Species living 41. was foe : F. | 71. Catenipora. 

2 | £5) Inthe Red Sea 24. PRG BE Ty) Ae Pleurodictyum. 
24 28) Fam. XIV. Mitteporina. | [... " F. | 72. Calamopora. 

z2/ bh Genera 4. Fossil 2. ee 4 «+. | 73, Seriatopora. 

ales Species living 23. 1 2 F. | 74. Millepora. 
In the Red Sea 11. 

Fam. XV. IsIDEA. aes ene 
Genera 4. 44 ea 
Species living 10. tes 1 
In the Red Sea 1. ale or 

. wo ..» | 75. Pocillopora. 
ss. | 76. Corallium. 

77. Melitza. 
«.. | 78. Mopsea. 
Ate KA LSEE 
«» | 80. Prymnoa. 
ss» | 81, Muricea. 

82. Eunicea, 
«. | 83. Plexaura. 
F.? | 84. Gorgonia. 

85. Pterogorgia. 

SCnwrReOonan: “ 

Genera 6, Fossil 1. 
Species living 63. 
In the Red Sea 3. 

Trisus VI. 
Phytocorallia 

Octactinia. 

_ nore Nor Oo 

. . . 

1? cay 

Fam. XVI. GORGONINA. rE AP 

- - . _ _ . . - 

Genus 1. 
Species living 1. 
In the Red Sea 0. 

Fam. XVII. ALLOPORINA. 
ane re 1 ++» |86. Allopora. 

Tribus VII. Phytocorallia Oligactinia. 
PHYTOCORALLIA oovess 5 61 235 27 
ZOOCORALLIA csssevees 5 

ANTHOZOA ossrseseees| 10 110 386 35 

Of the Red Sea csssssens 120 
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In the preceding Table we see that of the forty-three genera 
of Zoocorallia, there are eight which are found fossil; the 
living species amount to 151, of which fifty-four exist in the 
Red Sea, and forty-nine of these have been observed by the 
author, five remaining unproved. Of the forty-three genera 
of Phytocorallia there are twenty-seven which are found fos- 
sil; the living species amount to 235, of which sixty-six exist 
in the Red Sea, and sixty-one of these have been observed by 
the author, five remaining unproved. The general result is, 
that out of eighty-six genera of Anthozoa, thirty-five occur in 
the fossil state; and that of 386 known living species of An- 
thozoa, 120 exist in the Red Sea, of which 110 species were 
observed by the author. “The same Table also shows that of 
the seventeen families of known Coral animals, thirteen exist 
in the Red Sea, while four are wholly wanting, namely, those 
of Pennatulina, Hydrina, Tubularina and Alloporina. The 
total number of known living species comprised in each family 
is also given, as well as the relative number actually existing 
in the Red Sea. 

The 120 species of Anthozoa existing in the Red Sea thus 
constitute nearly one third of the whole number of living spe- 
cies, and being comprised in forty-four genera, the latter rather 
exceed one half of the number of known living genera. 

OF the known living Corals there are eight genera peculiar 
to the Red Sea, namely, Megalactis, Thalassianthus?, Epi- 
cladia, Heterodactyla, Anthelia, Ammothea, Stephanocora and 
Strombodes. It appears also that eighty-eight species are pecu- 
liar to it, not having been hitherto observed anywhere else. 
Among the genera of the Red Sea that of Strombodes excites 

peculiar interest, having previously been found only in the fos- 
sil state. It affords a key to the structure of the remarkable 
Cyathophylla, differing from the view hitherto entertained, 
and rendering it quite clear that the internal central star of 
the encased forms is not a young one, but the oldest or mo- 
ther star, which is often surrounded by broad radiated mantle- 
folds productive of buds. 

It appears probable that the Red Sea and the part of the 
Mediterranean so nearly adjoining on the Libyan coast, pos- 
sess only two forms out of the 120 species in common, namely, 
Actinia Tapetum and A. Mesembryanthemum. 

Of the Bryozoa group, Dr. Ehrenberg gave in the same 
memoir, contained in the volume of the Transactions for 1832, 

_only the more general results of his investigations, without en- 
tering into detail; but the subject is resumed in his later me- 
moir, inserted in the volume for 1838, in which he has pre- 
sented a tabular view of the Bryozoa, distributed into Orders, 

i ae onl 
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Families and Genera, with their characteristics. According to 

this view the Bryozoa comprise four Orders, Polythalamia, 

Gymnocore, Thallopodia and Scleropodia; the Polythalamia 

being divided into Monosomatia (single-bodied), consisting of 

fifty-six genera, and Polysomatia (many-bodied or polyparian), 

composed of twenty-two genera, forming altogether seventy- 

eight genera of Polythalamia. ‘The following ‘Table exhibits 
the general arrangement. 

Bryozoa. 
Animalia asphycta, tubo cibario simplici, sacciformi aut tubuliformi, vera 

corporis articulatione nulla aut sensim numerosiore, corporis ferma 
gemmis aut novis articulis accedentibus sensim aucta, hine indefinita, 
nunquam spoate dividua, omnia et singula verisimiliter periodice ovi- 
para, ideoque hermaphrodita. 

Orpvo I.—PotyTHALAMIA. 

Libere vagantia et loricata. 
Monosomatia. 

Familia I, Mrttorina- 
Genera 2. ? Miliola, ? Gromia. 

Familia II. Noposarina. 
Gen. 11. Glandulina, Mucronina, Nodosaria, Ortho- 

cerina, Dentalina, Lingulina, Frondicularia, 
Rimulina, Vaginulina, Planularia, Marginu- 
lina. 

Familia HI. Texrurarina. 
Gen, 6. Bigenerina, ? Dimorphina, Textularia, Gram- 

mostomum (Vulvaularia), Polymorphina, Vir- 
gulina. 

Familia IV. Uvetcina. 
Gen. 11. Guttulina (et Globulina), Uvigerina, Bulimi- 

na, Valvulina, Rosalina, Clavulina, Globige- 
rina, Pyrulina, Sphzroidina. 

Familia V. Rorarina. 
Gen. 22. Operculina, Soldania, Planorbulina, Rotalia, 

Trochulina, ? Spirulina, Calcarina, Pleurc- 
trema, Planulina, Discorbis, Omphalophacus, 
? Gyroidina, Truncatulina, Lenticulina, No- 
nionina, Cristellaria, Siderolina, Dendritina, 
Robulina, Anomalina, Saracenaria, Cassidu- 
lina. 

Familia VI. Prtcatinia. 
Gen. 6. Biloculina, Spiroloculina, Triloculina, Arti- 

culina, Quinqueloculina, Adelosina. 

Polysomatia. 
Familia VII. Asrrropiscrna. 

Gen. 5. Asterodiscus, Lunulites, Orbitulites, Cupu- 
laria, Flustrella. 

Familia VIII. Soriria. 
Gen. 2. Sorites, Amphisorus. 

Familia IX. Frumenrarina. 
Gen. 3. ? Dactylopora, ? Ovulites, ? Polytripe. 

Familia X. Hexicosorra. 
Gen, 5, Peneroplis, Pavonina, Vertebralina, Orbicu- 

lina, ? Heterostegina, 
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Familia XI. HeEticotrocHiIna. 
Gen. 3. Polystomella, ? Amphistegina, ? Geoponus. 

Familia XII. ALvEoLIneEa. 
Gen. 2. Melonia, Alveolina. 

Familia XIII. Fasunarrina. 
Gen. 2. Fabularia, Coscinospira. 

Orvo II.—Gymnocorz, 

Libere vagantes, nudz. : 

Familia I. CrisTaTELLINA. 
Gen. 2. Cristatella, Zoobotryon. 

Orpvo IIJ.—TuHaAttopopta. 

Stolonibus thallove membranaceo affixa, incrustantia 
nec adnata, sed loricata, 

Familia I. Hatcyonetiea. 
Gen. 8. Halcyonella, Vesicularia, Bowerbankia, Far- 

rella (= Lagenella) *, Valkeria, Stephani- 
dium, n. G., Dynamene, Halodactylus (= 
Alcyonidium). 

Familia II. Cornutarina. 
Gen. 1. ?Cornularia. 

Familia JI. Escuarina. 
Gen. 5. Eschara, Melicertina (= Melicerita) +, 

Crisia, Acamarchis, Notamia. 
Familia IV. Crrtrrortna. 

Gen. 5. Cellepora, Flustra, Membranipora, Briolo- 
phus, n. G., Apsendesia. 

Familia V. AvLoprorina. 
Gen. 1. Tubulipora. 

Orvo IV.—Scteroropia. 

Stolonibus destituta, excreto fulcro axique anorganicis 
firmiter affixa eisque fruticulosa. 

Familia I. Myriororina. 
Gen. 9. Hornera, Idmonea, Retipora, Distichopora, 

Myriopora, Tilesia, Cricopora, Ceriopora, 
Spiropora. 

Familia II. ? AnvipaTHina. 
Gen. 1. Antipathes. 

‘¢ The two last orders, the Thallopodia and Scleropodia,” 
the author observes, ‘are considerably richer in forms, and 
it would be very easy by an uncritical compilation to enlarge 
greatly the number of names; but such confusion has been 
produced in names by Lamouroux and later writers, the same 
body being often designated by many new names, that I shall 
not venture to extend my judgment further at present. What 

* The name Lagenella was appropriated to an infusorial form in 1832. 
+ Melicerta is already employed among the Radiaria, Melicertum with 

the Acalepha, Melicerita is not correct in language: 
mike hereafter it may be advisable to substitute Tewtilaria for Tex- 

tularia, Polystomatium for Polystomella, Cyclodiscus for Discorbis, &c. 
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has been advanced will suffice to show clearly the position of the 
Polythalamia, such as it appears to me, in the animal kingdom.” 

On Chalk and Chalk Mari. 

The memoir on the chalk and chalk marl is distributed 
under the following heads :— 

1. Historical Introduction, pp. 59—68. 
2. New method of observing, pp. 68—70. 
3. On calcareous-shelled organisms, invisible to the naked 

eye, as the principal constituents of writing chalk, pp. 70—74. 
4. On Chalk Marl and its relations to Chalk, and to the 

Flints of the Chalk, pp. 74—87. 
5. On the compact limestone of Upper Egypt and Arabia, 

as formed by the Polythalamian calcareous animalcules of the 
White Chalk of Europe, pp. 87—90. 

6. On the principal organic calcareous forms which con- 
stitute all chalk, and the local differences, pp. 90—95. 

7. Preliminary view of new researches respecting living 
Polythalamia, and their relation to the formation of the sand 
of Sea Downs, pp. 96—106. 

8. Application of the preceding observations to the system- 
atic distinctions of Polythalamia, with a tabular view of the 
Bryozoa, according to their orders, families and genera, with 
their characteristics, pp. 107—121. 

(N.B. Of this tabular view I have given a transcript above.) 
9. On the geographical distribution of living Polythalamia 

on the African and Asiatic coasts of the Mediterranean, and 
in the Red Sea, with a tabular view of the genera and species, 
pp. 121—127. 

10. A concise Diagnosis of the new families, genera and 
species, 

1. Of the siliceous Infusoria of the chalk marl, con- 
taining thirty-one new species, of which seventeen 
species belong to five new genera, and fourteen 
species to five former-known genera, pp. 128—130. 

2. Of the calcareous-shelled Polythalamian animalcules 
of the chalk and sea sand, sixty-seven new species, 
beside two new species from the Jura (Oolite) lime- 
stone, pp. 130—135. 

11. A summary view of the conclusions drawn from the 
preceding expositions, pp. 135—139. 

12, Explanation of the Plates, pp. 140—147. 
13. A tabular view of the organic bodies invisible to the 

naked eye, which form the chief constituents of chalk, chalk 
marl, the compact limestone of Egypt and Arabia, and the 
nummulitic limestone of the Pyramids of Geza or Gyzeh. 
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The reader being thus put in possession of the general scope 
of the work, I now proceed to exhibit in full the conclusions 
to which the author has been led (as indicated under the head 
of No. 11), to which I shall subjoin further extracts taken from 
different portions of the Memoir, for the purpose of general 
illustration. 

Conclusions. 

1. Many, and probably all, White Chalk Rocks are the pro- 
duce of microscopic coral-animalcules, which are mostly quite 
invisible to the naked eye, possessing calcareous shells of 31; 
to zi, line in magnitude, and of which much more than one 
million are well preserved in each cubic inch, that is, much 
more than ten millions in one pound of chalk *. 

2. The Chalk Marls of the Mediterranean Basin are the 
produce of microscopic Infusoria possessing siliceous shells or 
cases, mostly quite invisible to the naked eye, intermingled 
with a small proportion of the calcareous animalcules of the 
chalk. 

3. The peculiar state of aggregation in White Chalk does 
not arise from a precipitate of lime previously held in solution 
in the water of the sea, nor is it the result of the accumulation 
of the small animalcules, but it proceeds from a disintegration 
of the assembled microscopic organisms into much minuter 
inorganic calcareous particles; the reunion of which into re-' 
gular, elliptical, granular laminee, is caused by a peculiar cry- 
stalloid process, which may be compared to crystallization, but 
is of a coarser nature, and essentially different from it. The 
best writing chalk is that in which this process has been deve- 
loped to the greatest extent. 

4. The compact limestone rocks also which bound the Nile 
in the whole of Upper Egypt and extend far into the Sahara 
or Desert, being neither white nor of a staining quality, as 
well as the West Asiatic compact limestone rocks in the north 
of Arabia, are, in the mass, composed of the coral animalcules 
of the European chalk. This affords a new insight into the 
ancient history of the formation of Libya from Syene to the 

* Tt is to be understood that I speak only of such Polythalamia as are 
well preserved, wholly disregarding their fragments. Of the well-preserved 
there are contained in one fourth part of a cubic line, or in one twelfth of 
a grain of chalk, frequently 150 to 200 in number, equal to 600-800 in 
each cubie line, or 1800-2400 in each grain, and from 1,036,000 to 
1,382,400 in each cubic inch ; and hence inone pound of chalk the num- 
ber far exceeds ten millions. 

The larger Polythalamia and Bryozoa of the chalk are best obtained from 
the sediment produced by brushing the chalk under water; the entirely 
microscopic forms remain long suspended in water, 
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Atlas, and of Arabia from Sinai to Lebanon, thus opening a 
large field to organic distribution. 

5. Many of the chalk-like formations bordering on the Me- 
diterranean in Sicily, Barbary and Greece, really belong to 
the period of the European chalk formation, as proved by 
their organic contents, although commonly held to be differ- 
ent from the chalk, and considered as tertiary *. 

6. The chalk beds of the South of Europe, around the ba- 
sin of the Mediterranean, are distinguished from those of the 
north and east of Europe by numerous well-preserved chalk 
animalcules, and less numerous inorganic laminz; while in 
the north and east of Europe these relations are reversed +. 

7. In the South of Europe the beds of marl which alternate 
with the chalk consist of siliceous shells of Infusoria, and flints 
are wanting; while in the North of Europe beds of flint al- 
ternate with the chalk, and marls with Infusoria are wanting. 
This exchange of character tends to explain the peculiar re- 
lation of flint to chalk, indicating that the pulverulent sili- 
ceous particles of Infusoria have been converted into compact 
nodules of flint. q 

8. It has been lately remarked that the chalk which con- 
tains flints is deficient in numerous siliceous Infusoria, when 
compared with the Bilin slaty Tripel or polishing slate (Po- 
lirschiefer) containing semi-opal; but this deficiency now dis- 
appears, and a rich substitute takes its place, the Infusoria in 
the North of Europe having been employed in the formation 
of flints; while in the south, remaining unchanged, they are 
preserved in the Infusoria marls. 

9. The chalk animalcules resemble most those of the sea- 
sand and the Miliolites, which, up to the present day, have 
been ranged among the Mollusks with the Cephalopods; but 
neither of these are either Cephalopods or Mollusks, nor even 
Infusoria (as asserted by a late observer) ; but they are Bry- 
ozoa, animals of Moss-corals, which are most nearly related 
to Flustra and Eschara. 

10. ‘The sea downs of some, and probably of most coasts, 
are still in course of formation by living Bryozoa, which, 
though very small, resembling grains of sand, are yet, for the 
most part, larger than the chalk animalcules, and a large pro- 

* In Sicily, however, there occur many breccias of chalk, which have suffered a subsequent change, and may be referred to the tertiary epoch. t Thus in the white and yellow soft writing chalk of the North of Europe the inorganic crystalloid portions sometimes equal or rather exceed in mass the organic remains; but in the South of Europe, in Sicily, these organisms with their fragments are greatly predominant, consisting, as it appears, ex- clusively of well-preserved Polythalamia. 
Phil. Mag. S. 3. Vol. 18, Now 118. May 1841. 2C 
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portion of the sand of the Libyan Desert has been proved to 
consist of such grains. It is only in Nubia above Syene that 
the desert sand becomes a pure detritus of granite *. 

11. In the variouscountries of the earth in which occur white 
and earthy, as well as coloured and compact rocks, composed 
of microscopic calcareous animalcules, the genera and species 
of these animalcules present so striking an agreement with 
those of the white chalk of Riigen, that they may well be 
deemed characteristic of one and the same period of geolo- 
gical formation. It cannot be asserted for a certainty that 
the same forms have been observed any where else+. 

12. In the beds subjacent to and more ancient than the 
chalk, namely, in those of the Oolite or Jura limestone for- 
mation, we have also clear evidence of the existence of other 
microscopic Polythalamia. These, however, are such as have 
not hitherto been found anywhere in the chalk. 

13. The early assertion that a// limestone was the produce 
of animals}, though resting on no sufficient foundation, and 
therefore justly held in slight regard by modern geologists, 
yet now deserves every attention, since it clearly appears that 
a limestone formation widely extended on the surface of the 
earth is composed of microscopic animals, visibly converted 
in a gradual manner into inorganic chalk and compact lime- 
stone. If similar phenomena appear also in the Jura lime- 
stone formation, and should become still further confirmed, 
these considerations (combined with the long-known existence 
of coarser corals and shells in both formations) tend to show 
how necessary it is, when examining the composition of any con- 
siderable portion of the solid mass of the earth, to strengthen 
our natural senses by artificial means, in order to obtain a di- 
stinct knowledge of the extent to which organic life may have 
contributed to its production. 

14. The extreme minuteness of the chalk animalcules is stri- 
kingly proved by this, that even in the finest levigated whiting 
multitudes of them are still present, and may be applied with- 
out suffering change to the most varied technical purposes. 
Thus in the chalk coating given to painted chambers, paper, 
or even glazed visiting-cards (when not coated with white lead 

* On these very interesting and not easily developed relations, I hope, 
at a future day, to be able to make a more special communication. 

+ IfI have applied the same name in some cases both to animalcules of 
the chalk and to forms existing in the present sea-sand, or in recent fossil 
beds, it has arisen partly from my being unacquainted with the original forms 
of the latter, and partly from my desire not to create unnecessary perplex- 
ity by the adoption of new names. It should be observed that they are di- 
stinguished by marks of interrogation. All those which I could really com- 
pare were different. 

t By Linneus in 1745 and 1748, and Buffon in 1749. 
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alone), may be seen a pretty mosaic of well-preserved, moss- 
coral animalcules, but which are invisible to the naked eye. 
And thus our natural vision receives from such a surface the 
impression of the purest white, little deeming that it contains 
the bodies of millions of self-existing beings, of varied and 
beautiful forms, more or less closely crowded together (as in 
Plate IV., where the subjects are magnified 300 times). 

Explanation of the Plates and Tabular View, 
The Memoir is accompanied by four Plates*, presented with 

the view of facilitating a comparison between the organic re- 
lations of minute fossil bodies invisibie to the naked eye, and 
those of still living bodies visible to the naked eye. 

Thus the first three Plates exhibit recent small bodies natu- 
rally visible, with which the naturally invisible forms of the 
fourth Plate may be readily associated. 

The first three Plates serve also to elucidate the true nature 
of the Polythalamia (hitherto mistaken), showing their greater 
affinity to the Bryozoa (Flustra) than to all other animal 
forms, and in particular the great difference there is between 
them and Cephalopods and Infusoria. They represent partly 
the unfolded, soft, external parts of living subjects, and partly 
dead, naked bodies, artificially divested of their calcareous 
shell, and not hitherto figured. 

Lastly, these first three Plates serve to convey a view, ac- 
cording to some of their principal divisions, of the structure 
of the whole group of forms occurring in Polythalamia, and 
in particular to illustrate their frequent assemblage in families, 
or Polyparies, as they are termed. Plate I. contains simple 
forms; Plates II. and III. composite or family forms, Poly- 
paries; of which Plate II. contains family forms assembled in 
single rows, and Plate III. family forms arranged in many rows. 

If, as already observed, we examine a wall or paper whitened 
with finely levigated chalk, or a glazed visiting-card not coated 
with white lead alone, but also with chalk, they would appear, 
when magnified 300 times, more or less rich in subjects, as 
represented in Plate IV. 

Plate I. contains simple recent Polythalamia from the sea- 
sand of Rimini. Fig. 1. Rotalia Beccarii; the shell only was 
known, but the figures show also the form of the animal when 
deprived of its shell by an acid, the form of both being the 
same. Tig. 2. Marginulina Raphanus (Nodosaria Raphanus, 
Nautilus Ltaphanus priorum), also very common at Rimini 
and other Italian coasts, and which had hitherto been errone- 
ously ranked with Orthocera. 

Plate Il. contains Polyparies of recent Polythalamia assem- 
* These plates do not accompany Mr, Weaver’s paper. 

2C2 



388 Mr. Weaver’s View of Ehrenberg’s Observations 

bled in single rows, from the Red Sea and the Mediterranean. 
The two subjects represented in this Plate were collected *by 
me in the year 1823, and it is peculiarly interesting, through 
my newly-discovered method of observing*, to have been 
able to see in several divisions of the internal body the 
remains of the siliceous Infusoria, of which they had made a 
repast fifteen years before. Fig. 1. Peneroplis planatus, @ Or- 
bigny, Nautilus planatus of Fichtel and Moll, from the Red 
Sea. The shells of this animalcule were hitherto only known, 
but the soft organic animal form which they inclose is here also 
represented. Fig. 2. Coscinospira Hemprichii, a form from 
the Red Sea, also found in the Libyan part of the Mediter- 
ranean, and which was formerly erroneously placed adjoining 
the Spzrula of the Cephalopods, and more recently as con- 
nected, through Lituolites nautiloides, with Spirolina. 

Plate ITI. contains Polyparies of recent Polythalamia assem- 
bled in many rows. 'This Plate contains the only living ani- 
malcule of the Polythalamia group, hitherto so far observed 
as to admit of its classification. ‘The three forms given in 
this Plate, constructed of many rows of animalcules, may be 
distinctly associated with the Flustra and Eschara of the 
Bryozoa, to which, through the well-known Zunulites and 
Orbitulites (hitherto ranked with coral animals), they approxi- 
mate in a convincing manner. Fig. 1. Orbiculus numismalis, 
from the sea-sand of the Antilles Isles. Fig. 2. Sorites or- 
biculus = Nautilus orbiculus, Forskil, Nummulina (Assilina) 
nitida, d’Orbigny,? from the Red Sea. The same species 
lives also in the Mediterranean. In a part magnified 300 
times we see the animalcule with eight feelers protruding from 
its cell. In some of the cells may be seen distinct shells of 
siliceous Infusoria; in others appear oviform globules. Fig. 3. 
Amphisorus Hemprichit closely resembles the Sorites; but it 
has cells on both sides bearing single animalcules, and hence 

* The new method of observing is the following :—Place a drop of water 
upon a lamina of mica, and put into it of scraped chalk as much as will 
cover the fine point of a knife, spreading it out and leaving it to rest a few 
seconds; then withdraw the finest particles which are suspended in the 
water, together with most of the water, and let the remainder become per- 
fectly dry, Cover this remainder so spread out with Canadian balsam, the 
turpentine of the Pinus (Abies) balsamea, and hold it over a lamp until it 
becomes slightly fluid without froth. A preparation thus made seldom 
fails, and when magnified 300 times in diameter we see that the mass of 
the chalk is chiefly composed of minute well-preserved organisms. In this 
preparation all the cells of the Polythalamia appear at first black with a 
white central spot, which is caused by the air contained in the cells, which, 
as is well known, appear under water as annular black bodies; but by de- 
grees the balsam penetrates into all the single cells, the black rings of the 
air vesicles disappear, and we recognize all the small cells of the Polytha- 
lamian animals, often presenting a yery pretty appearance. 
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the discs are twice as thick as in Sorites. If we compare So- 
‘rites with Flustra, we may place Amphisorus by the side of 
Eschara, but, being both free moving bodies, they are different 
from them. 

Plate IV. contains the zmvisible animalcules of the chalk 
and chalk marl, displayed in twelve specimens of rock; 1 to 9 
being portions from the chalk, and 10 to 12 from the chalk 
marl, magnified 300 times. In these specimens the calcare- 
ous Polythalamia amount to sixteen species, and the siliceous 
Infusoria to twelve species, with siliceous spicula of sponges. 
The twelve localities from which these specimens of the rock 
masses were derived are the following:—No. 1 to 5, writing 
chalk; namely, 1. from Puszkary, in Poland, opposite Grod- 
no, from the shore of the Memel; 2. from Jtitland, in Den- 
mark; 3. from the island of Ruigen in Pomerania; 4. from 
Gravesend, on the Thames; 5. from Meudon, near Paris; 
Jirmer writing chalk, No. 6, from Cattolica in Sicily; com- 
pact, not writing chalk, No. 7, from the Mokattum hills near 
Cairo; and No. 8, from the Catacombs of Thebes in Upper 
Egypt; compact gray limestone, No. 9, from the mountain 
mass of Hamam Farain in Sinai, Arabia; chalk marl, No. 
10, from Oran in Africa; No. 11, from Caltasinetta in Sicily ; 
No. 12, from Greece. 

In the general table indicated above, under the head of No. 
13 of the contents of the memoir, a list is given of the princi- 
pal forms of the invisible organic bodies which constitute 
the rocks from which the twelve above-mentioned specimens 
were taken, as well as the chalk of Brighton, the chalk mar! 
of Zante in the Ionian Islands, and the nummulite limestone 
of the Pyramids of Geza in Egypt. From this it results that 
the principal forms in these rocks consist of twenty-five spe- 
cies of calcareous-shelled Polythalamia, thirty-nine species of 
siliceous-shelled Jnfusoria, seven species of soft-shelled Infu- 
soria of the flints, and five species of siliceous plants. 

The twenty-five species of calcareous-shelled Polythalamia, 
belonging to eight genera, are the following :— 

Flustrella concentrica; Globigerina bulloides ?, G. helicina ?; 
Planulina sicula, P. *turgida; Robulina cretacea; Rosalina 
*foveolata, R. globularis?, R. *lavigata, R. pertusa; Rotalia 
*olobulosa, R. ocellata, R. ornata, R. perforata, R. scabra, 
R. stigma; Textularia aciculata?, T. *aspera, T. brevis, T. 
*dilatuta, T. *globulosa, 'T. perforata, 'T. spinosa, 'T. *striata; 
Turbinulina italica? Quinqueloculina? from Benisuef, is 
doubtful. N.B. Textularia globulosa, when in fragments, is 
not easily distinguished from Rotalia globulosa; and in like 
manner the fragments of Textularia perforata may be con- 
founded with Lotalia perforata. 
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The thirty-nine species of siliceous-shelled Infusoria belong 
to fourteen genera, and are as follow: — 

Actinocyclus ternarius, A. *quaternarius, A. *quinarius, A. 
senarius, A. septenarius, A. octonarius, A. denarius; Coccone- 
ma Crete; Cornutella clathrata; Coscinodiscus Argus, C. 
centralis, C. lineatus, C. *minor, C. * Patina; Denticella Fra- 
gilaria, D. tridens; Dictyocha Fibula, D. Navicula, D. poly- 
actis, D. speculum, D. stella, D. triangula; Eunotia zebra; 
Fragilaria rhabdosoma, F. striolata?; Gallionella aurichalca?, 
G. sulcata; Haliomma Medusa, H. crenatum; Lithocampe 
lineata, L. Radicula, L. solitaria; Navicula africana, N. Ba- 
cillum, N. eurysoma, N. ventricosa, N. sicula; Pyxidicula 
prisca; Synedra ulna. 

The seven species of soft-shelled Infusoria of the flints be- 
long to three genera, and are the following :—Chzetophyta 
Pyrite; Peridinium pyrophorum+; Xanthidium bulbosum, X. 
Surcatum, X. hirsutum, X. ramosum, X. tubiferum. 

The five species of siliceous plants belong to two genera, 
namely, Spongia (T'ethya?) aciculosa, S. cancellata, S. *Cri- 
brum, 8. binodis; Spongilla (Tethya?) lacustrist. 

Of these principal forms the before-mentioned rocks partake 
in the proportions as stated below: namely, 

Species of Species of Infusoria. Species of 
Calcareous ea iliceous 

Polythalamia, | Siliceous, /Soft-shelled Plants. 
in Chalk. | in Flints. 

——_ 

The Chalk of 
Puszkary contains ......... 6 
RUPER seccsaieicsssehce- ser a 7 1 
SUtland oy oeose cease svoecaesca 6 
Gravesend ...cccc..seceeoees 6 3 5 
Brighton ......+++.4. ders 7 1 4 
Meudon. ..sosseccssucceseeses OF deli oieates 2 
Wattolice -55.c-sanc-csusscsoss 9 

The Chalk Marl of Siliceous Infusoria. 
Caltasinetta «.....++ seat 7 7 PE veteny 4 
Oran Vives. vevensicbewediss z Bw aiheieseses 1 
Zante. iecssssoasnescetteneeas 5 Sisal Seat 4 
GEEGE Se iaess sh eoeh esse oast 3 Okra ceca 1 

The Compact Chalk of 
Egypt ..cvecccscecsseaeeeceees 8 
Arabia sii eiic ete) seveecseees 6 

The Nummulite Limestone of Containing 4 species of Num- 
The Pyramids of Geza ... 6 ; mulite, the largest of which 

is one inch in diameter. 
Ce ee eee 
+ Peridinium delitiense has hitherto been found only in flint pebbles 

near Delitzsch, yet accompanied with forms that are common in the flints 
of the chalk. ¢ . 
t In the preceding lists, the species which are marked with an asterisk * 

are those which most frequently occur, forming the masses of the rocks, 
The Rotalia globulosa occurs in all the localities. 

” ease at 

ale 
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On the Chalk Marl, and its relations to the Chalk and its 
Filints. 

The whole coast of Oran in Africa appears to belong to 
the chalk formation, composing the plain east of the town, 
and extending thence to the Atlas. The marl brought from 
thence as tertiary by M. Rozet in great quantities I had an 
opportunity of examining in Paris, and I found not only Po- 
lirschiefer and an Infusoria conglomerate, but calcareous ani- 
malcules of the same species as occur in the chalk of Poland, 
Riigen, Denmark, and Paris, and which there mainly contri- 
bute to its mass. It thus appeared that the so-called tertiary 
formation of the coast of Barbary might, without much hazard, 
be brought into a nearer connexion with the chalk. In his 
description of this tract, M. Rozet states*, “The tertiary 
formation is extensively developed in Oran, forming the soil 
of the large plain on the east of the town, and on the south 
to the Atlas. It forms also the sea-coast to an extent of 3000 
metres between Mers el Kebir and Cape Falcon, and the 
whole soil of the adjacent plain. ‘The lower bed is a blue 
marl, like that which we found at Algiers and within the Atlas. 
It appears destitute of organic remains. The second or upper 
deposit consists of marly and calcareous beds in alternation, 
forming a thickness of 30 to 40 metres. In the plain these 
beds are apparently horizontal, as well as in the elevated plain 
of the Rammra hill; but in the hills south-west of the town 
of Kasba they are, on an extent of two hours march, inclined 
to the north, at an angle sometimes exceeding 30°. The beds 
of limestone are white and chalk-like, yellowish and coarse 
granular, usually forming the lower part, succeeded by others 
alternating with yellow marls, which are often slaty and 
charged with sand, and between them are found layers of 
ostreze and other shells. Among them two beds are distin- 
ure each one metre in thickness, composed of very white 
nely-laminated marl, containing numerous well-preserved 

impressions of fishes, so that in a cubic mass of one foot we 
seldom fail to find three or four fishes. In these beds of marl 
thus enclosing the fishes, other organic remains do not appear ; 
but in the calcareous and sandy beds which intervene, occur 
layers of large oysters mingled with grypheze. 'The upper 
part of this deposit is composed of a calcareous breccia, which 
is exhibited at the surface in the soil of the whole plain on 
the south-west of Oran.” 

This exact description of the position and thickness of the 
white marl with impressions of fishes, has a reference to the 

* Rozet, Voyage dans la Régence d@ Alger, Paris, 1833. tome 1. chap. v. 
pp. 56, 63. 
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Infusoria conglomerate of Oran, to which I have already ad- 
verted. It is probably what formed the Tripel of the earlier 
periods of Italy. When M. Rozet speaks (at p. 28-30) of 
the great extent of the tertiary tract near Algiers as similar 
in its relations to those of Oran, I cannot agree with him. On 
the contrary, forming my judgment by the organic remains, 
I consider the desert tract near Algiers as really composed of 
a tertiary formation, which reposes on chalk. ‘This opinion 
is founded on my observation, that the tract in Libya, extend- 
ing from Alexandria to Siwa, is composed of tertiary beds, 
while from Cairo to Geza the chalk formation occurs, which 
terminates at the granite of Syene, but is far spread into the 
Desert. The valley of Siwa appears to form the northern 
boundary of the chalk in Eastern Libya. 

In the South of Italy, at Caltasinetta and its neighbourhood, 
the relations had been correctly seized by our late friend 
Frederick Hoffmann, from whose diary I have been favoured 
with an extract by M. von Dechen. He represents the series 
of strata which occupy the greater part of Sicily as composed 
of limestones, sandstones, clays, and marls; the lower mem- 
bers being probably referable to the Jura formation, suc- 
ceeded by such as clearly belong to the chalk, and many beds 
of which perfectly resemble the hard chalk of the north-west 
of Germany (Teutoburger Wald). Among the marls are 
white chalk-like thinly laminated masses, analegous to Tri- 
pel, designated by Hoffmann as white chalk marl, and which 
especially occur in the southern part of the island. ‘The beds 
of the chalk formation usually dip 20° to 30°, while the strike 
is nearly constant, from 15° to 45° S. of E. and N. of W., 
parallel to the south coast. The tertiary beds which succeed 
the chalk are composed of loose sand, friable sandstone, tes- 
taceous breccias, clays and limestones. They cover the chalk 
unconformably, resting on the truncated edges of the latter. 
The chalk beds are upon the whole poor in organic remains, 
and these are seldom distinct; there occur Hippurites, Num- 
mulites, Lenticulites, and in a few places indistinct Ammo- 
nites and Belemnites, while the tertiary beds are quite filled 
with innumerable Mollusks, of which nine-tenths are still li- 
ving in the Mediterranean. This distinction is so striking that 
it scarcely required the difference of relative position in order 
to draw a correct line between the two formations. Even had 
so circumspect a geologist as Frederick Hoffmann not cor- 
rectly seized and pronounced with decision on these local 
relations, the numerous microscopic siliceous Infusoria with 
calcareous Polythalamia which I have found in the chalk 
marl would have led to the same conclusion. 

If we compare Hoffmann’s description of this portion of 
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Sicily with that given by Rozet of the coast near Oran, we 
cannot avoid recognizing a similarity of relations; and the 
thinly laminated marly beds with impressions of fishes, 
between Caltasinetta and Castrogiovanni, which Hoffmann 
refers with certainty to the chalk formation, correspond to the 
similar beds which occur near Oran, but which were said to 
be tertiary. And the parallel is confirmed by the micro- 
scopic siliceous Infusoria and calcareous animalcules which I 
have discovered in both. 

The genera and species of the siliceous Infusoria in Sicily 
are so similar to those of Oran and Zante, that of thirty-six 
species, four occur in all the three countries, three in Cal- 
tasinettz and Zante, seven in Caltasinetta and Oran, while in 
all of them the Coscinodiscus Patina is greatly predominant. 
Of all these siliceous animals, not a single species has been 
found in the chalk of the North of Europe, nor even in the 
flints. On the other hand, the calcareous-shelled animalcules, 
which in the South of Europe accompany the siliceous ani- 
mals, comprise about one half of the same species that are 
found in the North, yet exceeding them in quantity. 

From the examination of the organic constituents of the 
chalk marl we learn the hitherto unknown fact, that nume- 
rous swarms of microscopic Infusoria were in existence within 
the period of the secondary formation of the earth’s surface, 
chiefly belonging to such as possess siliceous cases or shells, 
and which for the greater part are members of such sections 
of the Bacillaria family as had previously appeared to be con- 
fined to the tertiary or newest formations. 

Of the thirty-nine or forty species of siliceous Infusoria 
occurring in the chalk formation, thirty-four or thirty-five 
have not hitherto been found in the recent state; but it is re- 
markable that the remaining five or six species so closely 
resemble existing species of the present day, that they present 
no peculiar character by which they could be distinguished 
from them, and hence the application of new names appeared 
inadmissible. They are, Lunotia zebra, Fragilaria rhab- 
dosoma, F. striolata ?, Gallionella aurichalca, Navicula ventri- 
cosa, Synedra ulna*. 

In the chalk itself only four out of the thirty-nine or forty 
species of siliceous Infusoria have hitherto been met with, 

* The indifference shown to climate by Infusoria, and the peculiarity of 
their organic development, seem to render it possible that they might be 
more readily preserved through many catastrophes of the earth than other 
forms. By the faculty which they possess of spontaneous division, a single 
individual can, under very favourable circumstances, be multiplied in the 
course of a few hours to the extent of millions. 
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namely, Fragilaria rhabdosoma, Fragilaria striolata ?, Gallio- 
nella aurichalca, and Pyxidicula prisca. ‘They are very rare, 
and found only in the vicinity of the beds of flint. 

On the Composition of the Compact Limestone of Upper Egypt 
and Arabia by the invisible Animalcules of the White Chalk 
of Europe. 

Both the nummulite limestone of the pyramids of Geza on 
the left bank of the Nile, and the same kind of rock on the 
right bank near Cairo, contain numerous microscopic ani- 
malcules of the chalk, which serve as a cement to the Num- 
mulites. I had often examined microscopically specimens 
which I had brought from thence, but I did not succeed in 
separating and rendering visible the different elements with 
equal clearness, until I applied my newly-acquired practice, 
which was much facilitated by immersing these stones a longer 
time in water. ‘The same result attended the examination of 
the other calcareous rock masses of Upper Egypt and Arabia, 
showing that the animalcules of the chalk occupy in a sur- 
prising manner a wide extent of country in Libya. 

Nummulite limestone, wherever occurring, has been most 
usually referred to the tertiary period, although perhaps often 
belonging to the chalk. In Egypt it possesses no great ex- 
tent. On the right bank of the Nile it is deposited only in 
the small hills near Cairo, and on the left bank, as it appears, 
in a tract extending from Siout to the declivity of the com- 
pact limestone, which latter constitutes the mass of the rocks 
that line the course of the Nile in Upper Egypt. It forms 
the foundation and principal material of the Pyramids. North- 
ward it is directly bordered by the slimy delta of the Nile, the 
productive soil of Egypt. Between the Oasis of Jupiter Am- 
mon and the Mediterranean, is a wide elevated plateau or table- 
land of rock, among whose numerous organic remains are 
known tertiary forms. The whole of Upper Egypt, as far as 
Syene, has a similar character. In 1828, though assured 
that its limestone rocks were more ancient than the tertiary 
period, yet, from want of distinct fossils, I was doubtful 
whether they might not be referred to the Jura formation. 
On the south, and not far from Syene, this limestone is in- 
cumbent on sandstone (Quadersandstein ?), and the two repose 
on granite and the primary rocks connected therewith. I gave 
these views in 1828 in the geologically coloured map which 
accompanied the first section of the first volume of my Travels 
in Egypt, Libya, Nubia, and Dongola. 

It now results, from the microscopic examination which has 
taken place, that the whole of the limestones of Benisuef, 
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Siout and Thebes, on the western bank of the Nile, and of 
Cairo and Kineh (including the gray marl near Kineh), on 
the eastern bank, and which inclose the Nile at an elevation 
of frequently 100 to 300 feet above its level, extending along 
the river full sixty German miles in length, are, like the 
Nummulite limestone, composed of an inconceivable accumu- 
lation of microscopic calcareous-shelled animalcules, which 
are of precisely the same genera and species as those which 
constitute the chalk of Europe. The table-land formed by 
these calcareous rocks extends far westward into the Desert, 
and it is perhaps principally composed of them. 

A new and unexpected light is thus thrown on these exten- 
sive regions. ‘The phenomena apparent in Egypt may be 
connected with those of Western Africa. It has been already 
shown that the same animalcules constitute the territory of 
Oran, stretching far along the foot of the Atlas; and when 
we consider the equality of surface which prevails in the plain 
of the Great Desert, or Sahara, of the North of Africa, and 
compare it with what I have myself seen along the whole ex- 
tent of its eastern border, as well as on a large portion of its 
northern, we may be well permitted to think of a similarity 
of composition. 

But these distinct indications of a similar organic influence 
extend not merely to the west but also to the east of Cairo, 
expanded into Asia. The specimens collected by Dr. Hemp- 
rich and myself from Hamam Farain, and Tor in the Sinaian 
portion of Arabia, which I had formerly considered as ash- 
gray marl and yellowish-gray limestone of the tertiary epoch, 
were now proved, by the new method of examination, to con- 
sist of quite the same microscopic chalk animalcules as con- 
stitute the hilly masses of Upper Egypt. And from hence 
this formation appears to be continued eastward far into the 
interior of the Great Desert plain, trending toward Palestine ; 
but on the Arabian coast of the Red Sea we did not find it 
further south than Tor, which locality alone, among all the 
points of the east, yielded flints similar to those which occur 
in the European chalk. 
We have here to remark on the absence of siliceous animals 

in this limestone and marl formation, while the so-called 
Egyptian pebbles and jaspers occupy the same position in 
horizontal layers as the flints in the North of Europe, appear- 
ing as their substitute. But in these jaspers the organic sili- 
ceous elements are no longer to be distinctly found bP reason 
of their intermixture with other substances, and their conse- 
uent opacity, giving rise to dendritic and other delineations. 
t seems as if the solution and conversion of the organic into 
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the inorganic in the Egyptian pebbles (Catlloux d’ Egypte) 
is throughout more perfect than it is in many flints, although 
the constituent elements of both kinds of stone are very pro- 
bably quite the same. 

On the principal Organic Calcareous Forms which compose 
the mass of all Chalk. 

From what has been already stated, it is evident that the 
production of the calcareous mass of the chalk is not to be 
attributed, as formerly conceived, to the larger organic bodies, 
but to the minuter, and in the greatest measure to such as 
are invisible, consisting of eight genera of Polythalamia with 
twenty-five species, and excluding all such as may be distin- 
guished by the naked eye, that is, exceeding ,',th of a line in 
magnitude; the latter, however, are comparatively rare. It 
is possible that several other, and perhaps many species of the 
same genera, may yet be discovered in the chalk, as well as 
other genera, since the investigations hitherto made could 
only be applied to a minimum of its substance; yet, as these 
were conducted by me on chalk from many regions, it does 
not appear probable that other sections of the animal king- 
dom will be found to have taken so great a share in the form- 
ation of chalk as the Polythalamia, the principal prevailing 
forms of which I have indicated. 

From the preceding it is also apparent that the chalk rocks 
of all countries agree in their constituent organic forms not 
only according to the zoological class, but also in genera, and 
for the most part in species likewise; this character being not 
confined to the white tender writing chalk of Europe, but ex- 
tending also to the compact limestone rocks of the North of 
Africa and the West of Asia. Particularly striking is the 
characteristic persistence of single forms through all these 
different and widely-separated countries. ‘Thus in all of them 
are to be found Rotalia globulosa, with Textularia globulosa, 
T. aciculata ?, and TF. striata, as well as Planulina turgida, 
thus giving a common character to all these rock formations ; 
and this character becomes the more important, when we con- 
sider that these forms are the most numerous, and in fact are 
the chief constituents of the chalk*. 

If now the question be asked whether the forms which occur 
in such masses in chalk belong to it exclusively, and are hence 
to be considered characteristic of that formation, I am almost 
disposed to reply in the affirmative. The analogous forms 

* The Polythalamian forms which Mr. Lonsdale noticed in the English 
chalk in 1837 as visible to the naked eye, and amounting to 1000 in one 
pound of the chalk, and which, with Mr. Lyell, he has named Lenticulina 

ee EEE 
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which occur in sea-sand, tertiary sand, and indeed in all mo- 

dern formations, are viewed for the most part as different and 

larger species, although of the same genera; and it does not 

appear that any of these forms can be referred with perfect 

certainty to such as are now living in the sea. 

To the theory of the formation of limestone, the observation 

is important, that these organic deeply-seated relations are 

not peculiar to the chalk formation. The tertiary calcareous 

beds consist, in like manner with the chalk, of multitudes of 

such Polythalamian animals, which compose in many quarters 

sandy sea-downs of great extent; and even in the sandy desert 

of Libya we can recognize distinct Polythalamia. On the 

other hand, having succeeded in discovering microscopic 

Polythalamia in the compact flints of the Jura limestone from 

Cracow, which are of decidedly different forms from those 

of the chalk, the calcareous animals being Nodosaria urceo- 

lata, n. sp., and Soldania elegans, NU. Sp. and the siliceous 

Pyzidicula prisca?, with fragments of soft sponges, it becomes 

apparent that such invisible organic bodies were also present 

in the formation of the Jura limestone. 

[To be continued. ] 
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LXIII. Notice of an undescribed Native Subsulphate of Iron 

from Chili. By Joun Pripreavux, Lsq.* 

puis specimen, of which I have not found any description, 

was brought to Sir Charles Lemon’s Mining School by 

Edward Hookham, one of the students, having been sent 

from Chili to Captain N. Vivian, by his son, without any 

geological reference. 

Form, mammillary, or curved lamellar about one-sixth of 

an inch thick. Structure, fibrous parallel, transverse to the 

lamine ; fracture corresponding ; fibres crystalline, but too 

minute to be easily definable. Brittle in mass, fibres rather 

flexible. H 2°53; specific gravity below 2°5. 

and Discorbis}, appear, judging by the figures, to be referable to Rotalia 

oar and R. globulosa, including perhaps fragments of Textularia globu- 

os. 
I may here remark, that my continued researches on the Polythalamia 

of the chalk have convinced me, that very frequently in the earthy coating 

of flints, which is partly calcareous and partly siliceous, the original cal- 

careous-shelled animal forms have exchanged their lime for silex, without 

undergoing any alteration in figure, so that while some are readily dissolved 

by an acid, others remain insoluble; but in the chalk itself all similar forms 

are immediately dissolved. 

* Communicated by the Author. 
plik atMnidhen tate Se: nenediadasnc-sae 

+ Dr. Buckland’s Bridgewater Treatise, 2nd Edition, vol. i. p. 448. 

1837. Lyell’s Elements of Geology, 1838. 
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Lustre shining, silky on the fibrous face; dull on that of 
the laminee. Transparency of the laminee 0, fibres translu- 
cent. Colour pale greenish gray; externally yellowish, from 
adhering sulphur. Taste slightly acid and astringent; zn- 
odorous. 

Solubility. In cold water little or none; but the fibres fall 
asunder: on applying heat, the colour changes to orange, and 
the hot water dissolves a portion, acquiring its taste. In mu- 
riatic acid swells like sponge, assuming a rich orange colour, 
and soon dissolves, except a little residue of sulphur and earth. 
By dry heat, in tube closed at one end, the fibres separate 

and become orange-coloured, giving off much water and a 
little sulphur: by increased heat, sulphuric acid is driven off, 
and the residue left red. In open tube, much the same: on 
charcoal, before the blowpipe, exhales the odour of sulphur ; 
and shrinks exceedingly, leaving a residue of oxide of iron. 

By analysis, Oxygen. 
Peroxide of iron «....0068 31 9°5 
Sulphuric acid ...ccccoceee 26 = 15°5 
Water oscvccvacesveosedsees SS) =) 29° 
Sulphur, earth and loss 10 

100 
the acid containing 1°5, and the water three times the oxygen 
of the base, formula 2 Fe, O, + 3S O, + 18 Aq, containing 
half as much acid as the persulphate of iron, and a little ex- 
cess, to which the sapidity is probably due. 

Its aspect and composition suggest the name Fibroferrite. 
J. PRipEAUX. 

LXIV. Proceedings of Learned Societies. 

GEOLOGICAL SOCIETY. 

May 27,— HE memoir “ On the Classification and Distribution 
1840. of the Older Rocks of the North of Germany,” &e., 

by Prof. Sedgwick and Mr. Murchison, commenced at the previous 
meeting, was concluded*. 

In an introduction of considerable length, the authors enter on a 
historical review of the different steps by which they had been led, 
during the former year, to place nearly all the older slates of Devon- 
shire, and a considerable part of the slate rocks of Cornwall, in a 
group intermediate between the carboniferous and Silurian systems, 
and therefore coeval with the old red sandstone of Herefordshire. 
To the vast group of slate rocks, so defined, they proposed the name 
of Devonian System; and their leading object in visiting Belgium, 
the Rhenish provinces, the Hartz, &c., was to ascertain whether in 
any of those countries there was a group of strata (no matter of what 
mineralogical character) with Devonian fossils, and in a position 

* See L. E. and D. Phil. Mag., vol. xvii. p. 508,——Epir, 

————eE 
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intermediate between the carboniferous and Silurian systems. Should 

such a group exist on the continent, then would the Devonian sy- 

stem be established, not merely on plausible arguments derived from 

its suite of fossils, but also on the more direct evidence of natural 

sections. 
With these views the authors endeavoured (1.) to ascertain the 

natural descending order of the formations on the right bank of 

the Rhine, between the Westphalian coal-field and the chain of the 

Taunus. (2.). To ascertain the same order in Belgium, and among 

the ancient rocks on the left bank of the Rhine, north of the Hunds- 

ruck. 
In the course of the summer they also made (with similar objects) 

several traverses through the Hartz, and one long traverse from the 

Thuringerwald to the north flank of the Fichtelgebirge, in the hope 

of bringing into relation with their previous observations, the country 

which has become so celebrated from the labours of Count Munster. 

The authors follow this order in the descriptive parts of their 

paper. But before commencing their detailed sections, they explain 

at some length the method of determining the order of superposition 

among rocks, like those of Belgium and the Rhenish provinces, 

which are not only much contorted, but often in a reversed position. 

This order of superposition can be made out only by sections, which 

are of two kinds, vertical and horizontal. Vertical sections, where 

the strata are not inverted, not only indicate the natural group of 

strata, but their true order of superposition, both of which may often 

be ascertained on a single line of traverse. But horizontal sections, 

showing the intersection of successive groups of strata with the ac- 

tual surface of the country (and represented by the colours of a 

geological map), can only be examined by following the lines of 

strike. The colours of such a section (if derived from strata origin- 

ally conformable) must show the masses, however contorted, in their 

true juxtaposition. Hence we may define from the horizontal sec- 

tions of a country a true consecutive geological series ; and if the 

relative age of any two contiguous terms be known, the relative age 

of all the other members of the section may be inferred with cer- 

tainty, though the formations be in an inverted position, as seen on 

the line of any one vertical section. It was by this laborious method 

of “horizontal sections,” or, to use his language, by determining the 

symmetry of position of the several formations, that Professor Du- 

mont first disentangled the perplexing phenomena of the Belgian 

provinces*. The authors, after acknowledging the great value of 

this principle, state that they endeavoured never to lose sight of it 

in estimating the value and interpreting the meaning of the many 

vertical sections they examined in their long traverses through the 

provinces they describe. 
§ 1. Coal-fields of Westphalia, §¢—The authors commence their 

descending sections, on the right bank of the Rhine, with the pro- 

ductive coal-field, which occupies an irregular triangular area, 

bounded towards the north by greensand and cretaceous deposits, 

* See L. E. and D. Phil. Mag., vol. xvii. p. 803.—Eprr. 
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towards the south-east by older formations, afterwards to be de- 
scribed, and towards the south-west by an irregular line, skirting 
the low country near the Rhine, and passing near Mulheim, Ketwick, 
Werder, and thence to a point a few miles north-east of Elberfeldt. 
In its lithological character and fossil contents it is not to be di- 
stinguished from the coal-fields of England. It is affeeted by many 
anticlinal and synclinal lines, which have brought a lower and un- 
productive portion to the surface, and thrown the productive por- 
tions into a number of irregular troughs, ranging in the direction of 
the strike, east-north-east. 

The lower and unproductive coal-field is composed in part of 
coarse grits, well exposed on the banks of the Ruhr, between Her- 
decke and Schwerte, and of yellowish and light-coloured sandstones 
and grits, with thin seams of coal and impressions of plants ; and the 
strata are underlaid by dark gray micaceous slates and thin-bedded 
hard sandstones, of great thickness, marked by many obscure impres- 
sions of small plants. The lowest member of this series contains much 
dark pyritous shale (Alaun Schiefer of the Germans), and reposes on 
the upper caleareous zone of Westphalia (mountain limestone). 
Several sections are described which confirm this order of su- 
perposition. ‘The authors then state that this lower division of the 
coal-field is greatly expanded towards the north-east ; that it is litho- 
logically almost identical with the great eulm-field of Devon, and 
resemble it also in its numerous impressions of small plants. It is 
the Flotzlehrer Sandstein of the German geologists, and had been 
regarded by them as the highest member of the graywacke series ; 
but in the recently published map of Von Dechen, it is placed on 
the parallel of the millstone grit of England. 
§ 2. Carboniferous limestone of Westphalia (Berg-Kalk), Kiesel 

Schiefer, and bituminous limestone, e.—The authors next describe the 
limestone which commences at Cromford, near Ratingen, and ranges 
east-north-east to Velbert. Thence deflecting to the valley of Re- 
grath, north of Tonnesheide, it is cut off, and does not form a con- 
tinuous band (as represented in all the German maps), with a lower 
limestone, which commences a few miles further south, and ranges 
through Metman to Elberfeldt. Near Cromford the limestone is 
thick-bedded, and in its structure and fossils resembles the great 
scar-limestone of England. For proofs the authors give several de- 
tailed sections, and quote published lists of fossils. In its range to 

the east it becomes more cherty, and abounds in casts of the stems — 
of Encrinites, so as to resemble the screw-stones of Derbyshire. At 
several places (e.g. Isenbugel, Velbert, &c.) the connexion of the 
limestone with the upper series is well exposed. ‘The upper beds of 
limestone pass into dark flat-bedded flinty slate, which is overlaid by 
psammite and shale, with thin courses of flinty slate, and these dip 
under the lower members of the coal-field. Again, there is at Vel- 
bert a clear proof that the limestones, screw-stones, and flinty slate, 
dip under the alum-slates of the neighbourhood. 

Following the strike of the county still further to the east, the 
limestone range loses its mineral character; but a large group of 
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strata (dipping under the alum-slates above-mentioned, and resting 
on dark shales, like those which form the base of the limestone) oc- 
cupy the exact place of the carboniferous limestone in the transverse 
sections. The group is characterized by dark flinty slate (Aiesel 
Schiefer) and dark and often fetid thin-bedded limestone, and so 
closely resembles the culm-limestone series of Devonshire, that the 
description of one formation might almost serve for the other. Like 
the culm-limestone, it also contains many Goniatites and Possidoniz ; 
and among the latter, the Possidonia Becheri of Devon. It wants, 
however, the numerous species of mountain limestone fossils of the 
beds above-noticed, a fact which the authors explain by a reference 
toa change in all the physical conditions of the deposit. This group, 
following all the sinuosities of a most contorted country, and some- 

times doubled back upon itself for many miles together, may be 
traced by its Kiesel Schiefer and Possidonia schists, and sometimes 
by its black fetid limestones, to the eastern limit of the chain of older 
rocks near Bleiwasche and Stadtberge. 
§ 3. Devonian System.—The authors next describe the rocks im- 

mediately inferior to the carboniferous groups. The mountain lime- 
stone of Cromfort, above-described, rests on dark-coloured shale, but 
the descending section is much obscured by overlying deposit. In 
the long range of the same series, from Elberfeldt to Menden, there 
are many clear transverse sections, exhibiting in greater or less per- 
fection the following descending order.—(1.) Immediately under the 
lower limestone shales are many reddish bands, with calcareous con- 
cretions, in which the Possidonia and some of the species of the 
superior groups are still found. (2ndly.) These are succeeded by 
a well-marked range of psammites and coarse flagstone. (3rdly.) 
From beneath the psammites rise a series of shales, and bands of 
psamiite of dark colour, with here and there thin courses of inferior 
limestone, in which we find flattened Goniatites, and shells of a 
species different from those of the overlying formations, among which 
especially is noticed the Terebratula aspera of Schlotheim. These 
are, therefore, considered as forming a part of an inferior system, 
and the first and second groups of the section may be regarded as 
made up of beds of passage between the carboniferous system and 
that which is below it. The sequence here given is compared with 
the highest beds of the Devonian series, immediately under the culm 
measures, and with the yellow sandstones of Ireland described by 
Mr. Griffith. 

3 a. Lower Limestone of Westphalia, §e.—This limestone rises 
immediately from below the third group of the preceding section. 
Its range (from the neighbourhood of Ratingen, in the valley of the 
Rhine, to the confines of Hessia) is described in detail. Its changes 
of mineral structure—its separation here and there into two zones— 
its contraction in one place and its great expansion in another—its 
enormous flexures and occasional inversions of position—its re-ap- 
pearance at Warstein and Attendorn, in consequence of such flex- 
ures,—ail these phaznomena are noticed in their turn. As a whole, 
it has so great a resemblance to the limestone of South Devon, that 
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through large tracts of Westphalia the two could not, by a series of 
land specimens, be distinguished from one another. The fossils of 
this limestone are-very abundant, and several sections are given in 
detail, to show their local distribution. Among the most character- 
istic and abundant in these sections the following are enumerated : 
Stromatopora polymorpha, S. concentrica, Favosites ramosa, Favo- 
sites polymorpha, I’. spongites, F. Gothlandica, Strygocephalus Bur- 
tim, Gypidium, Terebratula aspera, Turritella coronata, T. bilineata 
(Schlotheim), Buceinum spinosum (Sowerby), &c. &c. From all 
these facts, it is inferred, that this lower limestone of Westphalia is a 
true Devonian limestone, exactly or very nearly on a parallel with 
the great limestone of South Devon. 

Local and detailed lists are added, and detailed sections are given, 
connecting the whole series both with the upper and lower forma- 
tions, especially one from the Possidonia schists and black limestones, 
near Schelke, through the Devonian limestone, and to the lower 
formations exposed on the banks of the Lenne, towards Altena. In 
this section there is no ambiguity, and the defective evidence in the 
sections of Devonshire, when we endeavour to connect the culm- 
measures with the South Devon limestone, is here amply supplied. 

The authors then describe in detail the sections at Paffrath, near 
Bensberg, on the right bank of the Rhine, near Cologne, where the 
same Devonian limestone occurs, with a magnificent series of fossils ; 
its position is, however, reversed, as it seems to dip under the lime- 
stone near Bensberg, which is referred to the upper part of the Si- 
lurian system. 

To the same geological epoch the authors also refer the compli- 
cated metalliferous deposit of Dillenburgh, and the limestones of the 
Lahn in the country of Nassau. At the former place the great con- 
tortions and the extraordinary intrusions of trappean rocks make the 
relations difficult; but, considered on a great scale, the vast fossil- 
iferous and calcareous group reposes on rocks considered of the Si- 
lurian age: it contains a true Devonian group of fossils, and its 
upper portion at Herbon is surmounted by a Possidonia schist, per- 
fectly identical with that of Westphalia. The limestones of the 
Lahn at Dietz, Weolburg, Wetzlar, &c., are still more unequivocally 
Devonian ; and though the alternating masses of limestone and schist 
are of enormous thickness (rivalling in that respect the whole series 
of limestones and slates in South Devon), and the sections often 
obscure, yet in descending the Lahn from Dietz to Nassau and Bad 

Ems, they had a proof that the calcareous system is underlaid by 
Silurian rocks. The appearance of these Devonian deposits near 
the eastern limit of the old rocks, on the right bank of the Rhine, is 
accounted for by enormous undulations, which have repeated over 
again, in three or four great parallel troughs, the formations which 
appear in their true place in Westphalia, on the northern limit of the 
same ancient formations. 

§ 4. Silurian System.—The authors next describe the great se- 
ries of rocks which rise from beneath the lower Westphalia lime- 
stone, and state that in the long range from Elberfeldt to Iserlohn 
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the descending order is unequivocal. The passage downwards is 
sometimes effected by flagstones, with bands of shale, containing 

thin calcareous courses. In other places, the shales are more abun- 
dant, occasionally becoming much indurated; and in the range to- 
wards the north-east (for example, near Meschede) this group be- 
comes greatly expanded, and contains many quarries of roofing-slate, 
with a true oblique cleavage. This part of the series is compared 
with the shales under the Eifel limestone, and with the Wissenbach 
slates, which underlie the Devonian limestone series of Dillenburg. 
The great difference in the development of this group produces a 
great difference in the fossils, but on the whole, they are regarded 
as forming a passage between the Devonian and Silurian types. A 
list of fossils is subjoined, and the authors regard the numerous Go- 
niatites as rather connecting the group with the overlying Devonian 
rocks; while the trilobites and orthoceratites, &c., some of which 
cannot perhaps be distinguished from known Silurian fossils, seem 
to link it to the Silurian system. 

Below the preceding comes a group of vast thickness, composed 
of earthy schistose beds, passing on one hand into shale, on the other 
into coarse slate, and alternating indefinitely with bands of psammite, 
sometimes passing into coarse arenaceous flagstone, sometimes into 
thick beds of sandstone. Nearly throughout are occasional obscure 
vegetable impressions, and in the upper part are courses of lime- 
stone and calcareous bands, with innumerable impressions of fossils. 
In the lower part, the limestone bands seem gradually to disappear, 
and the whole passes into a formation of graywacke and graywacke 
slate, in some rare instances producing a good roofing-slate. For many 
miles south of the undisturbed range of the lower Westphalia lime- 
stone, the prevailing dip is about north-north-west. The country 
round Siegen is regarded as a kind of dome of elevation, composed 
of the lower part of this series; for still further south the dip is re- 
versed to the south-south-east ; and in a traverse from Siegen to the 
Taunus, across the strike (a distance of about fifty miles), the same 
dip is continued, with very few interruptions. Considering their 
high inclination, this fact seems to give an almost incredible thick- 
ness to the deposits in question. But the vertical sections do not 
give the order of superposition ; for at Dillenburg, and on the Lahn, 
two great Devonian troughs are brought in among the older strata, 
without any general change of dip; and if we accepted the vertical 
sections as the sole proofs of superposition, we must place the Devon- 
ian and a part of the carboniferous series under the chain of the 
Taunus. The authors therefore endeavoured to apply the method of 
Professor Dumont, and found their results confirmed by the sections 
of the lower Lahn. 

Many other local details are given, and the authors having deter- 
mined the geometrical position of the great mineral masses, next at- 
tempt to define their age from their fossils. In the arenaceous and 
calcareous group under the lower Westphalia limestone, many spe- 
cies of the genus Pterinea (Goldfuss), Homalonotus, Orthis, &c. &c., 
begin to prevail. Along with these are forms at present unknown 
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in England, e.g. Hysterolites of Schlotheim, and two species of Del- 
thyris,—D. macroptera and D. microptera (Goldfuss). The same 
groups of fossils are found on the banks of the Rhine; and in a 
quarry near Unkel are many fossils of the genus Orthis, among 
which were O. pecten, O. flabellula, O. rugosa. Along with them 
was Terebratula Stricklandii, and the group was considered charac- 
teristic of the lower Silurian rocks of England. 

On a review of the whole evidence, the authors place this vast 
succession of strata in the Silurian system, without professing to 
separate the several parts into distinct groups, on a parallel with the 
several groups of the Silurian system of England. This is forbid- 
den by the absence of distinct calcareous bands, and also by the 
great vertical range of some of the fossil species, which are found 
almost from the highest beds to the lowest of the whole series. 
Several lists of fossils are then given, in confirmation of these gene- 
ral views; and it is thence concluded, that the great sequence of 
coarse earthy schists, caleareous bands, arenaceous flagstones, psam- 
mites, &c., are the representatives of the upper Silurian system, and 
that the lowest quartzose, graywacke, flagstone, roofing-slate, &c., 
which in some places have no fossils, and in others have numerous 
repetitions of a few species of the genus Orthis, belong to the lower 
Silurian, or upper part of the Cambrian Systems. 

Part II. Older formations on the left bank of the Rhine-— The 
Hartz.— Upper Franconia, §c. 

§ 1. The authors commence with a short description of the phy- 
sical region extending from the coal-field of Belgium to the south- 
eastern flank of the Ardennes, and then in like manner describe the 
country between the same coal-field and the limestone of the Eifel. 
They afterwards discuss, at some length, the methods used by Pro- 
fessor Dumont to determine the superposition of the natural groups; 
and partly from considerations derived from the symmetrical ar- 
rangement of the mineral masses, and partly from the direct evi- 
dence of sections, especially in the Eifel country, show that the 
geological sequence has been correctly determined. So far adopt- 
ing the views of Professor Dumont, the descending order in the 
provinces above-mentioned is as follows :— 
03 Coal country... ........ Terrain Houillier. 
2.) Anthraxiferous country. Terrain Anthraxifere. 

(3.) Slate country......... Terrain Ardoisier. 
The second of these divisions is subdivided into four natural 

groups or systems, viz. Upper calcareous system; Upper quartzo- 
schistose system; Lower calcareous system; Lower quartzose-schi- 
stose system. 

The slate country is also divided into three groups,—Upper, 
Middle, and Lower. 

The order being assumed as fixed, the next question is as to the 
British equivalents of the successive divisions or subordinate sy- 
stems. 

Respecting the Belgian coal-field, there is no doubt: it is on the 
same horizon with the great coal-fields of England. Through a 
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considerable part of its south-eastern boundary it is inverted, so as 
to dip under the older formations; but on a part of its northern 
boundary the older formations emerge in their regular order. 

The upper limestone of the second division is undoubted moun- 
tain limestone. The only question, then, is respecting the equiva- 
lents of the three lower divisions of the Terrain Anthraxiféere, which 
are, by Professor Dumont, respectively classed with the Ludlow 
rock, Wenlock limestone, and Caradoc sandstone formations. This 
classification is not accepted by the authors, for reasons stated in 
detail. 

The upper quartzo-schistose system is separable at two parts very 
different from one another: the higher, often characterized by an 
open-grained yellowish psammite; the lower (with many variations 
of structure, and with occasional subordinate calcareous bands) 
abounding in a dull greenish-gray earthy schist, not unlike the 
“mudstone” of the Ludlow rocks. But the higher grits and psam- 
mites pass insensibly into the bottom beds of the upper limestone 
(mountain limestone), and contain a series of fossils so near the 
carboniferous type, that it is difficult to draw a line between the 
two deposits; and the lower earthy schists do not contain (among 
the specimens brought away by the authors) one single species 
found in the Ludlow rock. 

The lower limestone of the second division is then described in 
detail, both as seen in Belgium and the Eifel. The authors dwell 
some time on the remarkable association of the Eifel dolomites with 
voleanic rocks of different ages: but they contend that the disloca- 
tion and contortions of the older strata, and their changes of mine- 

ral structure, are not generally due to the more recent igneous erup- 
tions. A comparison of the lists of fossils from the Eifel and lower 
Belgian limestone, show that they belong to a group identical with 
that of the lower limestone of Westphalia and the limestone of Paf- 
frath, and that they present the closest analogies with the fossils 
derived from the limestones of South Devon; some of the most 
abundant species, both of shells and corals, being identical in all 
the localities. Hence the authors conclude, that the second and 
third members of the Terrain anthraxifére of Professor Dumont 
form a part of the Devonian system, and not a part of the Silurian 
system. 

Lower quartzo-schistose system.—In Belgium it is harder and more 
quartzose than the upper division, and also of more varied mineral 
structure ; and in its upper portion contains some thick beds of 
conglomerate, which, from their mineral structure and the supposed 
analogies of the lower limestone with the mountain limestone of 
England, have been classed with the old red sandstone. Without 

- attributing any value whatever to these conglomerates, as terms of 
comparison with English formations, and regarding them only as 
mineral accidents, the authors place them near the base of the De- 
vonian system, and consequently near the lower limit of the old red 
sandstone. 

In the Eifel, the system is better developed and more fossiliferous, 
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and exhibits the following descending order: (1.) Calcareous shales, 
forming the base of and passing into, the limestone ; (2.) Indurated 
shales, alternating with sandstone and flagstone, occasionally of a 
reddish colour; (3.) Sandstone, flagstone, arenaceous slate, quartz- 
ite, &c., gradually passing into a slate formation. The authors re- 
fer to various lists of fossils, and conclude that, though several spe- 
cies are in common with those of the overlying Devonian system, 
yet that asa group they are distinct: 1st. Because the carboniferous 
species disappear; 2ndly. Because some of the most characteristic 
species of the lower limestone (such as the Strygocephalus Burtini, 
&c.) are wanting; 3rdly. Because new (and Silurian) types begin 
to abound; more especially shales of the genus Pterinea, several 
species of Orthis, the Homalonotus Knightii, Calynene Blumenbachii, 
&e. They further remark, that the species of Silurian fossils which 
appear in the Eifel lists are mostly derived from the lower shales, 
which are regarded as beds of passage. Along with known Silu- 
rian fossils there occur also (as remarked in deposits under the 
Westphalian limestone, Part I.) many other fossils, Delthyris mi- 
eroptera and D. macroptera, &c., in great abundance. The lower 
quartzo-schistose rocks of Professor Dumont are therefore placed 
in the Silurian system, but without any attempt to subdivide it into 
distinct portions analogous to those of England. And as there is 
no well-defined separation between this system and the overlying 
Devonian, still less is there any well-defined separation between its 
lower limits and the central slate rocks of the Ardennes. 

The slate country of the Ardennes is subdivided into three groups 
of slate rocks,—Upper, Middle, and Lower. All the fossils ob- 
tained by the authors from the upper group are of Silurian types. 
From the middle and lower groups they obtained no fossils: but as 
all the groups are linked together, and the upper is placed by its 
fossils in the lower part of the Silurian system, they assign the two 
lower groups to the upper Cambrian system. They then enter on 
some mineralogical details connected with the structure of the slates 
of the Ardennes; and among the crystalline beds of the lowest 
group (which they regard as only an altered portion of that which 
is next superior), point out some examples of slates derived from a 
cleavage transverse to the beds, and intersected by a true second 
cleavage plane, a rare phenomenon among the slates of England; 
but noticed by the authors among some rocks on the south coast of 
Devon and the north coast of Cornwall. 
§ 2. Formations between the Eifel and the Hundsruck.—Left bank 

of the Rhine, §c—Crossing the strike of the beds from the Eifel to 
the Moselle, by several distinct traverses, the authors met with the 
same series of deposits in descending order: viz. Ist. Calcareous 
shales; 2nd. Arenaceous flagstones and shale; the upper part fre- 
quently exhibiting a reddish tinge, and with portions more or less 
calcareous, and the lower part passing into a great formation of 
arenaceous flagstone, indurated slate and coarse slate, and occasion- 
ally of fine quartzite. The series is here and there highly fossili- 
ferous, containing several species of Pterinzea, Delthyris, Orthis, &c., 
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occasionally presenting obscure impressions. of plants, and casts of a 
large Homalonotus, of a Silurian species. The sequence, deter- 
mined more by the symmetrical position of the great mineral masses 
tlian by direct superposition, as seen in vertical sections, gradually 
passes into rocks of a more decidedly slaty structure, and almost 
without fossils. Passing to the right bank of the Moselle, and in 
the same way making traverses through the chain of the Hunds- 
ruck (which is elevated on the line of strike, 2. e. east-north-east), 
they again had an ascending series, and thence concluded that the 
whole chain was only a portion of the great system under the Eifel 
limestone in an altered form. The Silurian fossils discovered among 
the crystalline quartzites and schists of the chain (e. g. one or two 
species of Orthis, a large winged Delthyris, &c.), confirmed this 
view. Hence also the chain of the Taunus, which is the physical 
prolongation of the Hundsruck, must be referred to a similar place 
in the general series; a conclusion at which the authors also arrived 
from an examination of the sections on the right bank of the Rhine, 
though obscured by the enormous development of masses of con- 
temporaneous trap (Schaalstein). 

The authors then give some details respecting the trappean and 
voleanic rocks on both banks of the Rhine, and conclude, that the 
quartzite and chlorite slates, &c. of the Hundsruck and Taunus are 
but altered forms of a great Silurian group under the Eifel lime- 
stone; and that the causes which at an ancient epoch dislocated, 
contorted, and mineralized the strata, have perhaps not yet entirely 
ceased, and that the hot springs of Wisbaden and bubbling fountains 
of Nassau, may be referred to their last expiring efforts. 

On a review of all the facts stated in this and the preceding Part 
of their communication, the authors conclude, (1.) That from the 
carboniferous deposits of Westphalia and Belgium, to the lowest 
fossiliferous deposits of the Rhenish provinces, there is a great and 
uninterrupted series of formations, which are in general accordance 
with the British series, though the subordinate groups do not admit 
of direct comparison; (2.) That, considered in a broad point of 
view, the natural successive groups of strata and the natural suc- 
cessive groups of fossils, are in general accordance; but as the 
boundaries of the physical groups are ill defined, so also the bound- 
aries of the fossil groups are ill defined, and pass into or overlap one 
another ; (3.) That as there are no great mineralogical interruptions, 
producing a discontinuity and a want of conformity among the de- 
posits, so also there seems to be no want of continuity among the 
groups of the great palzozoic series of animal forms. If the ex- 
treme terms be compared together, all the objects are dissimilar ; 
but if the proximate fossil groups be put side by side, there are 
many points of resemblance, and many of specific agreement ; (4.) 
That the Devonian system is, therefore, a natural system, not merely 
made out, as in England, by a plausible interpretation of fossil evi- 
dence, but defined, in the Rhenish provinces, both by its group of 
fossils arid its place in a true descending section. And as the old 
red sandstone of Herefordshire passes on the one hand into the car- 
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boniferous limestone, and on the other into tke upper Silurian rocks, 
without interruption, it follows, that the Devonian system, as above 
defined, is contemporaneous with, and the representative of, this old 
red sandstone. ; 

§ 3. Chain of the Hartz.—Fichtelgebirge, e.—The general strike 
of this chain is nearly the same as in the provinces before described 
(i. e. east-north-east), and therefore almost at right angles to the 

prevailing direction of the chain, as laid down on a geological map. 
The mineral structure and the fossils are also nearly the same, and 
the numerous contortions throw the same difficulties in the way of 
determining the true order of superposition ; and these difficulties 
are greatly increased by protruding masses of granite, which have 
not only altered the structure of all the neighbouring rocks, but 
literally broken the chain into fragments, several of which are 
thrown into a reversed position. 

The igneous rocks of the region are stated to be of four kinds : 
(1.) Trappean rocks in beds and protruding masses, nearly on the 
line of strike; (2.) Granite, sending veins into the older slates and 
trappean rocks; (3.) Quartziferous porphyry in masses and dykes, 
identical in structure, and apparently in relation with the Elvans of 
Cornwall; (4.) Trappean rocks (melaphyre, &c.), associated with the 
rothe todte liegende and coal-measures on the south-eastern skirts of 
the chain. 

Silurian fossils are found in several parts of the Hartz, but the authors 
saw no rocks which they could compare with the central slates of the 
Ardennes, or the oldest slates of the Rhine; but they give two sec- 
tions which ascend into a higher system. The first is from Huli- 
genstein to the neighbourhood of Clausthal, and appears to give the 
following ascending order: 

1.) Devonian limestone, well characterized by its fossils. 
(3 A series of psammites and shales, with one or two species of 

Possidonia. 
(3.) A series of coarse sandstones and grits, surmounted by 

shales and psammites highly charged with plants, and mineralo~ 
gically resembling the Devon culm-beds. 

Plants are, however, found below the Devonian limestone, and 
even thin bands of culm; and the section is obscure: but if the in- 
terpretation given to it be correct, a part of the country near Claus- 
thal rises into the carboniferous series. 

Their next section commences with the limestone of Ebingerode 
(on the south side of the Brocken mountain). The limestone 
abounds with Devonian corals and other fossils, and some parts of 
it cannot be distinguished from the lower limestone of Westphalia. 
Other parts of it are pierced with trappean rocks and are overlaid by 
ferriferous deposits; in which respects, as well as in its fossils, it is 
strictly analogous to the Devonian limestones of Dillenburg and the 
Lahn. Again, the ferriferous bands are overlaid by black shale, 
containing Kiesel schiefer, and (if we are not misinformed) contain- 
ing Possidonia schist. The analogy presented with the uppermost 
part of the Devonian series in Westphalia seems, therefore, perfect. 
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From these facts the authors conclude, that the older rocks of the 
Hartz are chiefly Silurian and Devonian, with a few traces of the 
lower carboniferous. > 

If the great contortions and strike of the Rhenish provinces were 
produced contemporaneously with those of the Hartz, then must 
the great derangements of the Hartz have taken place after the de- 
posit of the Belgian and Westphalian coal-fields. But the principal 
dislocations of the Hartz must have taken place before the deposit 
of the red conglomerates, sandstones, coal-beds and trappean masses, 
which rest on its eastern flank. Hence the authors conclude, that 
none of these red conglomerates are of the date of the old red sand- 
stone; and that the coal-beds belong to the highest part of the car- 
boniferous series, where it passes into the base of the new red sand- 
stone. 

Lastly, The authors describe a hasty traverse, made from the 
Thuringerwald through the forest of Upper Franconia, and thence 
to the north flank of the Fichtelgebirge. On the northern limits of 
the section (the strike and many accidents of position remaining as 
before) were rocks with a true slaty cleavage, which might (at least 
mineralogically ) be compared with the upper slates of the Ardennes ; 
and further south, the analogy was confirmed by bands of limestone, 
with stems of Encrinites, but with very few other fossils. Still further 
south occur a few impressions of plants, and the whole system ap- 
pears to be at length overlaid by a series of limestones and schists, 
some of which are very rich in fossils. One of these zones of lime- 
stone (the lowest according to Count Munster) rests on calcareous 
slates, containing a cardiola of the upper Ludlow rock. It is in this 
zone that the Clymenia is most abundant. Goniatites, Orthocera- 
tites, &c., are abundant in a higher zone ; and the series is overlaid 
by a limestone with many species of true carboniferous productz, 
&e., and identified with the mountain limestone. From these facts 
the authors conclude, that the fossiliferous region near Hoff (south 
of the Fichtelgebirge) belongs to the Devonian system, with the 
exception of the highest beds, which are carboniferous. 

Such are the results arrived at by the authors, which seem to 
be in general accordance with one another, and to bear out the clas- 
sification they proposed for the older British formations. 

LONDON ELECTRICAL SOCIETY. 

April 20, 1841.—The Society held their first meeting of this Session. 
After the election of members had been announced, the Chairman 
stated that Walter Hawkins, Esq. had presented the Society with 
a dried specimen of the Gymnotus Electricus. The Secretary read 
a letter he had received from J. P. Gassiot, Esq., F.R.S., in which 
was a description of a voltameter containing five pairs of electrodes, so 
arranged as to enable the experimenter to use one or more pairs at 
pleasure. A communication was received from George Mackrell, Esq., 
detailing experiments wherein the five terminal wires of a voltaic 
battery were ignited at the surface of acid water, forming a part of 
the circuit. ‘The negative wire was heated to a greater degree than 
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the positive. A paper from Thomas Pollock, Esq. was read, de- 
scribing the deflections of the galvanometer, dependent on the change 

of colour, &c. produced in certain liquids by the application of heat 
to one arm of a V tube containing them. The author concluded 
that Dr. Black’s law of capacity for heat will enable us to explain 
these electrical phenomena. 

These papers will be printed in the “ Proceedings” of the Society, 
the first part of which will appear on the first of July. The Society 
then adjourned to Tuesday, May 18th. 

CHEMICAL SOCIETY OF LONDON, 

On the 23rd of February, 1841, a meeting was held (in the rooms of 
the Society of Arts, the use of which had been kindly granted for the 
purpose, ) of gentlemen desirous of uniting themselves for the pur- 
pose of forming a Chemical Society. At that meeting the following 
gentlemen were appointed as a Provisional Committee for carrying 
this object into effect. 

Messrs. A. Aikin, W.T. Brande, H. J. Brooke, J.T. Cooper, 
J.Cumming, J. F. Daniell, T. Everitt, T. Graham, W. R. Grove, 
H. Hennell, G. Lowe, R. Porrett, R. Warington. 

Mr. Warington, by whom the requisite preliminary arrangements 
had been made, was appointed Secretary to the Provisional Com- 
mittee. 

A number of gentlemen engaged in the practice or pursuit of che- 
mistry having been invited by the Provisional Committee to become 
original members, the first meeting of the Society took place, also in 
the rooms of the Society of Arts, on the 30th of March, Professor 
Graham in the Chair.—The minutes of the previous meeting, held 
on the 23rd of February, having been read and confirmed, the follow- 
ing report of the Provisional Committee was brought up and adopt- 
ed, with amendments, for the present government of the Society. 

AMENDED REPORT OF THE PROVISIONAL COMMITTEE, 

Name and Objects of the Society.—That the Society be designated 
the Cuemrcat Society or Lonpon. 

That this Society is instituted for the advancement of Chemistry 
and those branches of science immediately connected with it. 

For this purpose periodical meetings of its members shall be held 
for the communication and discussion of discoveries and observations 
relating to such subjects ; an account of which shall be published from 
time to time, by the Society, in the form of Proceedings or Transac- 
tions. : 

That the formation of a library of books relating to its proper 
subjects, of a museum of chemical preparations and standard instru- 
ments, and the establishment of a laboratory of research, are also ul- 
terior objects of the Society. 

Constitution of the Society.—That the Society consist of Ordinary 
Members, Foreign Members, and Associates. The government of 
the Society to be vested in the ordinary members only. 

That all persons who have received the circular of the provisional 
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committee inviting them ‘‘to joi the Society as original members 
and to support it with their active co-operation,” and who have given 
their assent so to do, on or before the 30th March, 1841, are the 
first ordinary members of the Society. 

That the ordinary members do elect out of their own body, by 
ballot, a President, four Vice-Presidents, a Treasurer, two Secretaries, 

and a Council of twelve persons, four of whom may be non-resident, 
by whom the business of the Society shall be conducted. 

That after the appointment of officers and a council, every candi- 
date for admission be proposed according to a form of recommenda- 
tion agreed upon, subscribed by three members of the Society, to 
one, at least, of whom, he shall be personally known; and such cer- 

tificate shall be read and suspended in the Society’s rooms or place 
of meeting for three ordinary meetings.—The method of voting for 
the election of members to be by ballot.—The ballot to take place at 
the meeting at which the certificate is read for the fourth time.—The 
election shall not be valid unless twelve or more members ballot. 
When three-fourths, or more, of the members balloting, shall be in 
favour of the candidate, he shall be elected a member; but when 

fewer than three-fourths of the members balloting, shall be in favour 
of the candidate, he shall not be elected a member. 

That the Annual Contribution to be paid by ordinary members, 
resident within twenty miles of London, be two pounds, due on each 
successive 30th of March, and payable in advance for the current 
year. That for ordinary members resident beyond twenty miles of 
London, the Annual Contribution shall be one pound. 

That no admission fee shall be required of those members who join 
the Society during the first yearly session. 

That Foreign Members and Associates shall be recommended to 
the Society by the Council, and shall not be required to contribute to 
the funds of the Society. 

That Foreign Members shall be balloted at the next meeting after 
that at which they are recommended for election. 

That Associate Members be elected for a period of three years ; 
that they be thereafter eligible as ordinary members, or may be re- 
elected associate members. 

That the Ordinary Meetings of the Society be held on the Tuesday 
of every second week, at 8 o’clock in the evening,—from the begin- 
ning of November until the end of May. 

That the rooms of the Society of Arts, John-street, Adelphi, be 
the place of meeting for the Society, until more convenient and fitting 
accommodation can be found. 

The following gentlemen were then elected as Officers and Council 
for the ensuing year :— 
President: Professor T. Graham.—Vice-Presidents: W.'T. Brande, 

Esq. ; J.T. Cooper, Esq.; ProfessorJ.F.Daniell.—Treasurer: Arthur 
Aikin, Esq.—Secretaries: E.¥.'Teschmacher, Esq., Robert Waring- 
ton, Esq.—Council: Dr. T. Clarke; Professor J. Cumming ; Dr. 
C. Daubeny; T. Everitt, Esq. ; T, Griffiths, Esq.; W.R. Grove, 
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Esq.; H. Hennell, Esq.; G. Lowe, Esq. ; Professor W. H. Miller ; 
W. H. Pepys, Esq.; R. Porrett, Esq. ; Dr. G. O. Rees. 
The names of the gentlemen who had become members, in 

number seventy-five, were then read. 
The Society then adjourned until Tuesday, the 13th of April. 

LXV. Notices respecting New Books. 

A Collection of Letters illustrative of the Progress of Science in 
England from the Reign of Queen Elizabeth to that of Charles the 
Second. Edited by Jamrs Orcuarp Ha.uiwe tt, Esq., F.R.S., 
F.S.A., &c. 8vo. [Printed for the Historical Society of Science. ] 

MAY of our readers are probably aware that a society has re- 
cently been formed, on the joint-stock principle of the Camden 

and a few other societies, for the purpose of printing documents con- 
nected with the history of the sciences, and forming by these means 
a medium for the circulation of such information on that subject as 
could scarcely be given to the world in any other way. The work 
whose title we have given above is the first offspring of this newly- 
established body ; and although it is not distinguished by any very 
striking novelty or the produce of any great change in our previous 
knowledge of the history of science at the period to which it refers, 
yet it not only offers very comprehensive views of the real state of 
English science in the sixteenth and seventeenth centuries, but also 
affords us some very curious biographical information respecting our 
men of science during that time. It must above-all be remembered, 
that our only chance for obtaining works of this class is dependent 
on the present or some similar plan, for there is no public encourage- 
ment to print them; no publisher of course would undertake their 
publication, and the chance of a private person being reimbursed of 
any sum he may have been hardy enough to have risked in the same 
way is very small. Every lover of such researches will, therefore, we 
think agree with us in commending any method by which we can 
possess ourselves of a series of publications of this nature in an use- 
ful form, and at a comparatively trifling expense. 

The “ Historical Society of Science” has commenced its labours by 
the publication of a miscellaneous collection of letters on scientific 
subjects, most of them hitherto inedited, from original manuscripts 
preserved in various English libraries. They are arranged in chro- 
nological order, without any regard to the different subjects on which 
they treat. The earliest letter in the volume is one from Eden, a 
chemist, to Lord Burghley, written on August Ist, 1562, in which, 
among other twaddle, he describes an operation by which he made a 
whole quantity of silver! The next is a curious relic of early En- 
glish science,—a letter from Thomas Digges to Lord Burghley, dated 
1574, on astronomical subjects. Then we have mechanical inven- 
tions by Ralph Rabbards, a long letter from Dr.’Dee to Lord Burgh- 
ley on the method of discovering hidden treasures, and one from 
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H. Cole to the same nobleman on some “ grene ore” found at Rich- 

mond, We must not omit to mention, as belonging to this early 

period, a very curious letter from Tycho Brahe to Thomas Savelle, 

dated 1590, in which he sends his remembrances to Dr. Dee, “‘ quem 

in patriam feliciter reversum audivi,” and likewise to Thomas Digges. 

This last-mentioned document is very curious, because it shows that 

a greater intercourse was in all probability then maintained between 

the scientific men of this and other countries than is usually ad- 

mitted to have been the case. 
It is unnecessary, however, to continue an enumeration of all the 

letters here printed, few of which are without their value, and almost 

all are curious illustrations of the science of the period. We may 

call the attention of our readers more particularly to a letter from 

Briggs to Pell at p. 55, which affords a good illustration of the early 

history of logarithms in this country, and to the correspondence of 

Sir Charles Cavendish, who was one of the most munificent patrons 

of science this country has ever possessed. As a specimen of the others, 

we will here insert the following letter from Mr. Sawtell, a name 

previously unknown to us in science, addressed to Lilly, the celebrated 

astrologer, which gives an account of a strange tide at Weymouth, 

in July, 1666. 
« Waymouth, August 6th, 1666. 

“ Mr. Lilly,—I wrote to you the 18th of the former month con- 

cerning the wonderfull motion of the tide as it was carefully here 

observed for 4 hours time, viz. July 17th, from about 10 in the 

morning untill 2 in the afternoone. I also wrote the same to the Post- 

office in London; notwithstanding which, it was put into the printed 

intelligence in one manner, and in the Gazette in another manner, 

and neyther of them aneere the truth, and for what eyther reason or 

policie I cannot imagine, but made me to be derided here, until I 

shewed a coppy to many of what I wrote them to London ; since 

which they reply if they print one false that is so wonderfull, how 

many us believe the rest, &c. Sir, I intreated you by my letter to 

have given me a few lines in answer that you had received mine, but 

to this morning I have not received any, which makes me doubt that 

you have not received mine, or else that you doubted the truth, or 

that it was not of any worth. If it came not to your hand, pray be 

pleased by a few lines to give me notice and I shall give you (if you 

desire it) a very true, sure, and punctuall account of it, or in any 

particular thing or accident that you shall require of it. If you 

doubted the truth I'll assure you that to what I wrote you ther is 

not a title false, I am very confident, viz. that the sea did ebb and 

flow seven times in four hours time; with the rest of particulars 

writen you, to which a clowde, as it were, of witnesses will appeare ; 

that there were many more ebbings and flowings it is probable to be 

true by the report of many; which say that the sea did soe all 

the morning, and that it did soe likewise againe in the evening, but 

they say that this was not so violent ; but this 4 houres time that I 

gave you account off was as I have said, carefully observed by so 

many and that of the chiefest mariners, merchants, and other gentle- 

men, as well as other sorts of people, both men and weomen, one 
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friend calling and sending for another, that to me it seemes an ab- 
surdity in the least to doubt the truth; the chiefe occation of obser- 
vation being the extreame violence of it, one wherof I heard being 
in a house, being talking with one, we had much pitty for a ketch 
there riding in the road, we thinking of a very great and suddent 
storme of wind, but looking out of doores found noe wind att alle, but 
saw the sea at a distance full of ravelling waves with much noyes. 
If not of worth to you, pray take the will for the deed. I aymed at 
the best. The thing to all persons of this town was and still is 
wonderfull, and I thought it worthy of publique note, to which 
end I sent it to London preferring’ you before Mr. Gadbury, who 
otherwise had had the account. However, Sir, if you will not afford 
me no other account of it, you let me begg you to give me a few lines 
that you have received mine, that I may know that it came to your 
hand ; and if by writing so presumptuously to you, strangers to each 
other, I have offended you, pray pardon me; it is but the second 
offence ; I hope I then shall not committ the third: yet in the meane 
while shall remaine, Sir, 

“ Your friend in what I may, 
“* CHRISTOPHER SAWTELL.” 

“ For Mr. William Lilly, Astrologer, at the 
corner-house, over against Strand-bridge, 
these in London. Post paid, 3d.” 

Independent of its more weighty and important attractions, there 
is much in the volume that will be found to be interesting to the 
general reader ; and, what is very unusual with works of a scientific 
nature, some parts of it are really entertaining. It only remains for 
us to say, that the editor appears to have performed his task care- 
fully and judiciously. 

LXVI. Intelligence and Miscellaneous Articles. 

ORTHODOX GEOGRAPHY. 

“ Azimghur School.—The Local Committee brought to our notice 
a prejudice which existed amongst some of the Hindus at this place. 
An unwillingness existed amongst some of the pupils to receive geo- 
graphical instruction according to the English system, from an idea 
that the Christian, as well as the Hindu religion, had certain peculiar 
geographical tenets. 

“ We recommended to the Local Committee to act with caution, 
until the jealousy should subside, which we doubted not it soon 
would, and we suggested that geographical instruction should be 
given orally with the aid of maps. We instanced the readiness with 
which geography had been studied in the Sanscrit College from the 
English books, and pointed out that learned Brahmins did not hesi- 
tate to study the Hindu astronomy, according to the Sidhantas, though 
they are as opposed to the conceits of the Puranas as is European 
geography.” —Report of the Committee of Public Instruction of the 
Presidency of Fort William, Bengal. 
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CUMYLE—OIL OF CUMMIN. 

The following are some additional particulars relative to the sub- 

stances obtained from oil of cummin, by MM. Gerhardt and Cahours, 

referred to in our last, p. 282. 
Cumyle (unknown radicle)...... .. C*° H® De 

Hydruret of cumyle (oil of cummin) C*° H® 0°+H? 

If the hydruret of cumyle be gradually dropped on fused hydra 

of potash, hydrogen is evolved, and every drop is converted into te 

minate of potash. The effect is so rapidly produced, that by this 

method two pounds of cuminate of potash may be obtained in an hour. 

The analysis of the product obtained by distilling cuminic acid 

with excess of barytes, and the density of its vapour, lead to the 

formula C3° H®, which represents four volumes of it. It is there- 

fore formed in the same manner as benzen. In fact, we have 

C+ Ht Ot —C# Of = C26 B%, the alkaline base employed effect- 

ing the separation of carbonic acid. 
This product, to which the authors have given the name of cumen, 

possesses striking analogies with benzen: thus it dissolves in 

Nordhausen sulphuric acid, and produces an acid corresponding to 

the sulphobenzidic acid of Mitscherlich.—L’Jnstitut, No. 389. 

METEOROLOGICAL OBSERVATIONS FOR MARCH 1841. 

Chiswick.—March 1. Cloudy. 2. Frosty: rain. 3. Fine: cloudy. 4. Clear 

and fine: rain. 5. Overcast: slight rain. 6. Clear and very fine. 7,8. Very 

fine. 9—12. Foggy in the morning: very fine throughout the day: evening 

clear. 13. Slight haze: foggy. 14. Foggy: very fine: dense fog at night. 

15, 16. Foggy: very fine. 17. Cloudy and showery. 18. Cloudy. 19. Over- 

cast: showery. 20. Fine: stormy with rain. 21. Very fine: slight rain at 

night, 22. Rain: fine. 23. Fine. 24—26. Very fine. 27. Showery: clear. 

28—30. Cloudy and fine. $1. Clear: fine but windy : rain at night. 

Boston.—March 1. Cloudy: rainr.m. 2. Fine: rainr.m. 3, 4. Fine. 5, 

Fine: rain A.M. and pat. 6. Fine. 7. Fine : beautiful morning. 8. Foggy. 9—13. 

Fine. 14. Cloudy. 15. Fine: three o’clock r.m. thermometer 65°. 16. Fine: 

two o’clock p.m. thermometer 65°. 17. Cloudy. 18—21. Windy. 22. Rain ; 

23. Windy. 24, 25. Fine. 26. Fine: rain p.m, 27. Cloudy. 28. Fine. 

29. Cloudy : rain early a.m.: rain p.m. 30. Fine: rainr.m. 31. Fine. 

N.B. This-is the warmest month of March since March 1830. 

Applegarth Manse, Dumfries-shire—March 1. Cold and clear: snow on hills 

melting. 2 Rain allday. 3. Slight frost. 4. Frost harder: snow. 5. Heavy 

rain: snow gone. 6. Fine A.m.: rain P.M. 7. Fine throughout. 8. Fine 

spring day: raina.m. 9. Fine spring day: fair. 10. Growing day: fog p.m. 

11. Beautiful day. 12. Fine a.m.: rawfogrm. 13, 14. Fine throughout. 

15. Fog a.m. : cleared up. 16, Fine throughout. 17, 18. Fine a.m, : rain p.m. 

19. Rain and hail. 20. Heavy showers. 21,22. Rainr.m. 23. Cloudy and 

threatening. 24, 25. Showery and foggy. 26. Showers a.m. : cleared and fine. 

27, Showers a.M. 28, 29. Showers p.m. 90. Fair A.m.: rain and wind p.m. 

31. Boisterous and wet. 
Sun shone out 23 days. Rain fell 18 days. Frost 2 days. Snow 1 day, Fog 

3 days. 
Wind East 1 day. South-east 4 days. South-south-east 1 day. South 4 days. 

South-south-west 1 day. South-west 13 days. West-south-west 2 days. West 

3 days. North-north-west 1 day. 
Variable 1 day. Calm 11 days. Moderate 8 days. Brisk 5 days. Strong 

breeze 5 days. Boisterous 2 days. 
Mean temperature of the Month  s.ssssseeeeeeee 44°07 

Mean temperature of March 1840 sssse0e0. = 59 *35 

Mean temperature of spring-water_— s...s++4, 45 *60 

Mean temperature of spring-water, March 1840 42 "60 
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LXVII. On some of the Products of the Action of Nitric Acid 
on Castor Oil. By Tuomas Georee TiLtey*, 

HE action of nitric acid on the fat acids is a subject that 
has been lately investigated by Laurent+ and Bromeis t, 

and the interesting results obtained by them having called the 
attention of chemists to the subject, I was induced, at the sug- 
gestion of Professor Liebig, to examine in his laboratory the 
products of the oxidation of the oil of Ricinus Communis, dif- 
fering as it does in such a remarkable degree from the other 
fixed oils. 

One part of this oil was accordingly mixed with twice its 
weight of nitric acid diluted with an equal bulk of water, and 
subjected to a gentle heat in a retort. The parts which di- 
stilled over were preserved. After some time the action be- 
came very violent, and gas was formed in such quantities as 
to expel the contents of the retort forcibly from its mouth. 
The retort must then be removed from the fire, when the ac- 
tion gradually subsides. When again placed on the fire, pro- 
tected by a sand-bath, the action is not so violent. ‘The pro- 
cess of oxidation must be continued for some days, more or 
less, according to the strength of the nitric acid employed. 
When the quantity of nitrous acid fumes decreases, the retort 
is removed from the fire. In the receiver are found nitric 
acid, water, and a peculiar volatile oily acid, which new com- 
pound will form the subject of the following pages. If the 

* Read before the Chemical Society, April 27,1841. Communicated by 
the Society. 

+ Ann. de Chim, et de Phys., \xvi. 
t Annalen der Pharmacie, xxxv. p. 86. [Noticed in L., E. and D, Phil. 

Mag. for February, pres. vol. p. 115.] 
Phil. Mag. S. 3. Vol. 18. No. 119, June 1841. 2E 
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fatty mass which remains in the retort be mixed with water 
and aeaied, an additional quantity of the acid will be ob- 
tained. 

It must be separated from the acid fluid on which it floats, 
mixed with water and redistilled, which process must be re- 
peated several times. After this it must be dried by standing 
over melted phosphoric acid, chloride of calcium not being 
adapted to the purpose, it being a little soluble in the acid. 

The acid procured in this way is perfectly colourless and 
transparent, having an agreeable aromatic smell and a sweet 
stimulating taste. It is sparingly soluble in water, imparting 
to that fluid its peculiar smell. It is soluble in nitric acid, 
alcohol and zether. When raised to the temperature of 148° C. 
it begins to boil, and a small part distils over; but if kept for 
some time at that temperature, it becomes black and is de- 
composed, giving off empyreumatic products, so that it cannot 
be distilled alone. It burns with a clear flame, giving little 
smoke. It does not become solid though cooled to — 17° C. 
To this body I have given the name of Ginanthylic Acid, for 
reasons which will be stated in another part. 

To determine its composition the acid was burned with 
oxide of copper. 

Ist. 0°3305 substance gave 0°7810 carbonic acid, and 0°3330 
water. 

2nd. 0°4295 substance gave 0°9905carbonic acid, and 0°4009 
water. 

This gives in 100 parts, 
Ist. Qnd. 

Carbon ........5 65°34 65°33 
Hydrogen...... 10°83 10°60 
Oxygen........ 23°83 24:07 

100:00 100:00 

Gnanthylic Aither.—This zther is formed by dissolving 
the acid in strong alcohol, and passing a stream of hydro- 
chloric acid gas through the solution. To the mixture is 
then added carbonate of potash, in order to neutralize all free 
acid; it is then distilled. ‘The «ther passes over into the re- 
ceiver, and may be freed from any alcohol that it may contain 
by agitation with water. It must, lastly, be distilled over chlo- 
ride of calcium in a stream of carbonic acid gas, as it is de- 
composed by the oxygen of atmospheric air, at the tempera- 
ture of its boiling point. 

The cenanthylic «ther so obtained is a colourless fluid, 
lighter than water, having a peculiar and agreeable smell not 
unlike that of nitrobenzide. It has a sweet and somewhat 
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pungent taste, leaving a disagreeable sensation on the palate. 
It is soluble in zther and alcohol, and burns with a clear blue 
flame, giving out no smoke. It is solid at the temperature 
eee by a mixture of snow and salt, and is then crystal- 
ine. 

Burnt with oxide of copper, 0°2195 substance gave 0°5485 
carbonic acid, and 0°3195 water ; making in 100 parts, 

Carbon. . 2.0 ctetseetetecesscceese 68°57 
EX yOBGsren. .2.0.)0kcoccssseeses 11°57 
ORY BeNi sss bnscdessscad sound vee 19°86 

100°00 
and leading to the following composition : 

Per cent. 
18 atoms Carbon ....... = 1375°80 68°71 
18 5, Hydrogen... = 22463 11°22 
4 4, Oxygen ...... = 400°00 20°07 

2000°43 100°00 

Now supposing this ether to be composed of one atom ox- 
ide of zethyl and one atom of anhydrous acid, we have for the 
composition of the latter C'* H O8, and adding to this one 
atom of water to form the hydrate, we have, in 100 parts, 

Per cent. 
14 atoms Carbon...... = 1070°09 65°05 
14 ,, Hydrogen... = 174°71 10°62 
4 4, Oxygen...... = 400°00 24°38 

1644°80 100:00 

which calculated result agrees with the numbers found by ac- 
tual experiment given at page 418. 

Ginanthylate of Silver.—This salt may be easily prepared 
by precipitating a neutral ammoniacal solution of the acid by 
nitrate of silver; it falls in the form of a white flocculent 
powder. 

Ist. 0°7165 of this salt gave -3265 silver, which is equiva- 
lent to 0°3509 oxide of silver. This gives per cent., 

Oxide of silver.....sesesssessees 48°89 
CEnanthylic acid ......sse00004 51°11 

100°00 

making the atomic weight of the anhydrous acid 1517-0, the 
calculated result being 1532°33. 

By burning the salt dried in vacuo over sulphuric acid, with 
oxide of copper, 0°7350 gave 0°9360 carbonic acid, and 0°3675 
water. 

2E2 
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2nd. 0:8785 gave 1°1300 carbonic acid, and 0:4505 water. 
This gives in 100 parts, 

Ist. 2nd. 
Carbon. sere 35°20 35°56 
Hydrogen... 5°55 5°68 
Oxygen. seveseeee 10°27 9°78 
Oxide of silver., 48°89 48°98 

100 100 

and leads to the following theoretical composition : 
Per cent. 

14 atoms Carbon «s+ 1070°090 35°86 
13 ,, Hydrogen...... 162°233 5°43 
3 55 Oxygen... 300'000 10°07 
1 4, Oxide of silver, 1451°61 48°64 

Atomic weight... 2983°384 100°00 

The formula for this salt is then C'* H's O3 + Ag O. 
Gnanthylate of Baryta.—This salt is formed by boiling 

carbonate of baryta with an alcoholic solution of cenanthylic 
acid till the fluid no longer possesses acid reaction. The so- 
lution must be filtered while hot, and on cooling deposits the 
salt in beautiful pearly scales, which are insoluble in ether, 
but soluble in water and alcohol. 

0°3520 of this salt gave 0°1735 carbonate of baryta, or 
0'1346 baryta, the atomic weight of the acid, calculated from 
this, being 1545°54. It gives in 100 parts, 

38°23 oxide of barium 
61:77 cenanthylic acid 

100:00 

Ist. 0°4395 of the same salt, burned with oxide of copper, 
gave 0'6645 carbonic acid, and 0°2740 water. 

2nd. 0°3460 salt gave 0°5200 carbonic acid, and 2190 
water. 

After adding to the carbon that which remained, combined 
as carbonic acid, with the baryta in the combustion tube, we 
obtain in 100 parts, 

Carbon .....c000. 44°84 44°58 
Hydrogen....... 6°91 6°87 
Oxygen... 10°02 10°32 
Baryta..ccccsvseee 38°23 38°23 

100°00 100°00 
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which gives the following theoretical numbers: 
Per cent. 

14 atoms Carbon. ....ee06. =1070°09 42°98 
13. 5, Hydrogen....... = 162°23 6°51 
3 45 Oxygen....0.000 = 300°00 12°07 
1 ,, Oxideof barium = 956°88 38°44 

94°79°20 100°00 

It will be seen by the preceding numbers that an excess of 
carbon is found; but this may be accounted for by the high 
temperature required to burn the last particles of carbon, by 
which some of the carbonic acid might bave been driven off 
from the carbonate of baryta in the combustion tube. 

The formula for this salt is one atom cenanthylic acid and 
one atom oxide of barium, or C!* H's O3 + Ba O. 

Gnanthylate of Potash is obtained by neutralizing the car- 
bonate of that alkali by cenanthylic acid; it does not crystal- 
lize, but, on evaporation, assumes the form of a thick trans- 
parent jelly. 

The Copper Salt crystallizes in beautiful needles of a rich 
green colour, soluble in alcohol, and sparingly so in water. 

The Ginanthylate of Strontian appears in the form of bright 
pearly scales, very much resembling the analogous salt of 
baryta. 

It will at once be perceived by the analyses which have 
been given, that the composition of anhydrous cenanthylic acid 
is C'* H' Os, and it enters as such into the following com- 
binations: 

CSnanthylate of water......... C' H'O3 + H2O 
A oxide of zthyl. C'* H' O3 + C+H°O 
7” i barium C* Hs Os + BaO 
as 4 silver. C1# H'° O38 + AgO. 

Now it was discovered some time ago that wine owes its 
peculiar smell to a certain acid in combination with oxide of 
zethyl. To this acid Liebig and Pelouze, its discoverers, gave 
the name cenanthic acid (flower of wine). Q&nanthic acid has 
the following composition, C'* H's O? + aq. 

The analogy between this acid and the one described in this 
paper will at once be seen, and the composition of the two 
acids would lead us to suppose that they are oxides of the 
same radical, which may for the present be considered as com- 
posed of C'* H"; while the two acids are respectively 

R+20 
R+ 30. 

On these grounds I have given the higher oxide the name 
Ginanthylic acid, and propose for the lower oxide, that of 
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Liebig and Pelouze*, the name Cinanthylous acid. It is not 
improbable that cenanthylic acid may be identical with the 
azoleinic acid of Laurent+; but he did not obtain it in a state 
of purity. When the cenanthylate of silver is distilled, there 
pass into the receiver an oil and a solid body, neither of which 
possesses acid properties. The solid body is soluble in hot 
alcohol, and on being allowed to cool, it crystallizes in beau- 
tiful needles. 

Suberic acid is another product of the oxidation of castor 
oil; it remains in the retort mixed with oxalic acid: it may 
be purified by repeated crystallizations, and boiling with nitric 
acid. 

Thus obtained and dried at 100° C., 0°2710 substance gave 
-5490 carbonic acid, and 0°1990 water, or, in 100 parts, 

Found. Atoms. Calculated. 

Carbon... 55°97 8 55'64 
Hydrogen. 8°15 “i 8°03 
Oxygen... 35°78 4 36°33 

10000 100°00 

giving the formula C* H® Os + aq. 
The other acids found by Laurent did not appear to have 

been formed; but this is not affirmed with positive certainty, 
as the examination was not proceeded with. A trace of lipinic 
acid, however, may be obtained during the evaporation of the 
fluid parts, pressed from the suberic acid. 

LXVIII. On Bleaching Salts. By M. Deter, Esqg.t 

A. SHORT time ago a notice was published by M. Millon 
on the Bleaching Salts of Chlorine, in which a new view 

was offered of the constitution of these compounds. They have 
for some time past generally been considered as compounds 
or mixtures of a metallic chloride with a hypochlorite of a 
metallic oxide; bleaching powder or the chloride of lime, for 
instance, as consisting of chloride of calcium and hypochlorite 
of lime, in single equivalents, the acid of the last salt contain- 
ing one atom of oxygen to one atom of chlorine. ‘The reac- 
tion of chlorine upon lime supposed, may be very simply 
stated : two atoms of lime take up two of chlorine; one atom 
only of the lime is decomposed, of which the calcium and 
oxygen respectively unite with an atom each of chlorine, form- 

* Ann. de Chim. et de Phys., t. \xiii. 118. 
+ Ann. de Chim. et de Phys., t. \xvi. 172. 
+ Read before the Chemical. Society, April 27, 1841. Communicated 

by the Society. 
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ing chloride of calcium and hypochlorous acid. The hypo- 

chlorous acid combines with the other atom of lime. 

Starting from the composition of chlorochromic and chloro- 

sulphuric acids, which are represented by Walter and Re- 

gnault as chromic and sulphuric acids in which the third pro- 

portion of oxygen is replaced by chlorine (Cr O, + Cl and 

SO, + Cl), Millon supposes that the bleaching chlorides have 

a similar relation to the peroxides of their metals. ‘The per- 

oxide of calcium being Ca O,, or CaO + O, bleaching pow- 

der is Ca O + Cl, or the peroxide of calcium, with chlorine 

substituted for its second proportion of oxygen. In support 

of this view Millon adduces observations of his own on the 

composition of the bleaching compounds of chlorine with dif- 

ferent metallic oxides, such as oxides of lead and protoxide 

of iron, as well as potash, soda and lime, in which the pro- 

portion of chlorine was found to vary, but to correspond with 

the excess of oxygen above one equivalent in the peroxides of 

the same metals. In particular, potash was found to absorb 

two equivalents of chlorine, and soda only one, the peroxide 

of potassium being K O + 20, while the peroxide of sodium 

is NaO + O. 
The attention of the author was particularly directed to 

ascertain the accuracy of the latter statement. A solution of 

carbonate of soda was charged with chlorine gas till it acquired 

a yellow colour and retained not a trace of carbonic acid. 

The solution was then briskly agitated with air, by which the 

excess of free chlorine escaped. In analyzing the solution 

afterwards, one portion of it was treated with a few drops of 

ammonia, and the chlorine afterwards precipitated by nitrate 

of silver; another portion was evaporated to dryness for the 

sodium, which was obtained in the state of chloride of sodium. 

In four experiments the liquids charged with chlorine con- 

tained chlorine and sodium in the following proportions, in 

100 parts :— 
Sodium..... 47°88 45°26 46°81 44°76 

Chlorine.... 52°12 54°74 53°19 55°24, 

while, if the bleaching chloride of soda contained 1 eq. of 

chlorine to 1 eq. of soda, its composition would be 
leq. sodium..... 46°91 
1 eq. chlorine .... 53°09 

100:00 

The results correspond as closely as could be expected 

with this theoretical statement. There can be no doubt then 

that the chloride of soda contains one of chlorine to one of 

soda. This is the result required by Millon’s theory, the 

peroxide of sodium containing, according to him, one of oxy- 
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gen and one of soda; but it is equally consistent with Balard’s 
theory that the salt is a mixture of single equivalents of chlo- 
ride of sodium and hypochlorite of soda. ‘To determine the 
quantity of chlorine which water dissolves, a stream of the gas 
was sent through water at 59° for five hours. One hundred 
grammes of water were found to take up 0°663 gramme of 
chlorine; or 200 cubic inches of water dissolved 207 cubic 
inches of gas. The chlorine was estimated by converting it 
into hydrochloric acid by the addition of a few drops of am- 
monia, slightly acidulating afterwards by nitric acid, and pre- 
cipitating by nitrate of silver. A solution of 2°58 chloride 
of potassium in 38°96 water was found to dissolve less chlo- 
rine than pure water, in the proportion of 180 to 257. Chlo- 
rine gas being allowed to stream through a solution of 9:245 
grammes carbonate of potash in 96°495 grammes of water, till 
saturation, the solution lost all its carbonic acid and took up 
6°631 grammes of chlorine. Here 1 eq. of potash = 590 has 
taken up 656 chlorine, which is very nearly 13 eq. of chlorine 
= 663. But when the quantity of free chlorine in the liquid 
is deducted, the latter is found to contain only 1°34 equivalents 
of chlorine to 1 eq. of potash. In two other experiments, in 
which the liquid was agitated with air after being saturated 
with chlorine, to allow the excess of gas to escape, there were 
found to 1 eq. of potash 1°44 and 1:43 equivalents of chlorine. 
The carbonate of potash, therefore, without doubt, takes up 
more than a single equivalent of chlorine. But the quantity 
of chlorine combined with the potash is still greatly short of 
two equivalents, the proportion required by M. Millon’s 
theory; the peroxide of potassium containing two oxygen to 
one potash, or K O,. ‘The conclusion therefore is inadmissi- 
ble, that the chloride of potash is analogous in constitution to 
the peroxide of potassium. 

It remains to account for the property which potash is 
found to possess of taking up more chlorine than is necessary 
to convert it into chloride of potassium and hypochlorite of 
potash. On transmitting chlorine through carbonate of pot- 
ash, a stage in the absorption is very observable, at which the 
liquid becomes all at once of a yellow colour. ‘This happens 
when what remains of the potash is entirely converted into 
bicarbonate of potash. ‘The suddenness of the appearance of 
the yellow colour appears to be due to a reaction of the car- 
bonic acid upon the hypochlorite of potash in solution, by 
which hypochlorous acid is set free and tinges the liquid. By 
the continued application of chlorine to the bicarbonate of 
potash, it is converted into a mixture of chloride of potassium, 
hypochlorite of potash, and free hypochlorous acid. By the 
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ultimate action of the chlorine all the bicarbonate of potash is 
decomposed, the carbonic agid entirely expelled, and a por- 
tion of hypochlorous acid remains free in solution. 

This formation of free hypochlorous acid does not occur 
with carbonate of soda, owing to the much weaker affinity 
which that base has for carbonic acid, and its forming a much 
less stable bicarbonate than potash does. The free carbonic 
acid cannot therefore react upon the hypochlorite of soda, 
and liberate hypochlorous acid as the free carbonic acid does 
upon the hypochlorite of potash. The same formation of 
free hypochlorous acid occurs in a more striking degree when 
chlorine is sent through a solution of acetate of potash; that 
solution, it is well known, absorbs a large quantity of gas, and 
acquires the strong yellow colour, the odour, and all the other 
properties of free hypochlorous acid. It is here evident, that 
by the action of chlorine upon acetate of potash, chloride of 
potassium is formed, with the binacetate of potash, free hypo- 
chlorous acid, and the hypochlorite of potash. If the large 
absorption of chlorine by carbonate of potash is due to car- 
bonic acid, it follows that caustic potash should not absorb 
any excess of chlorine, but that the property should be con- 
fined to the carbonate. Accordingly, in two experiments, the 
proportion of chlorine absorbed by caustic potash was found 
to be as nearly as possible a single equivalent. In one ex- 
periment 449°! chlorine, in the other 424°8 chlorine were 
taken up, instead of 442°6 chlorine, by a single equivalent or 
589°9 of potash. Caustic potash, therefore, dissolves no more 
chlorine than caustic soda. There appears therefore to be 
no reason to abandon the old theory, that the bleaching solu- 
tions of chlorine in alkalies and alkaline earths contain a chlo- 
ride and hypochlorite, for these bleaching compounds certainly 
do not correspond with metallic peroxides, as has been lately 
maintained. 

LXIX. On a linear Method of Eliminating between double, 
treble, and other Systems of Algebraic Equations. By J. J. 
Syivester, F.22.S., Professor of Natural Philosophy in 
University College, London. 

Part I.— Binary Systems. 
L =? U and V be two integer complete homogeneous func- 

tions of v and y, one of the mth, the other of the th de- 
gree; and let it be required to express the condition of the 
coexistence of the two equations U = 0 V = 0 by means of 
the equation C = 0, where C is free from all appearances of 
x OY y 

This equation, according to the system of notation de- 
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veloped in a preceding paper, and which has been since 
adopted and sanctioned by the high authority of M. Cauchy, 
I call the final derivative: the quantity C is designated the 
final derivee: and it is our present object to show how this 
may be obtained in a prime form, that is to say, divested of 
irrelevant factors: in this state it must consist of terms, each 
containing m + 7 letters, of which m belong to the coefficients 
of V, and m to those of U. 

Of course in applying this rule it is to be understood that 
every combination of powers in U or V has a single letter 
prefixed for its coefficient, and that in the final derivee powers 
are represented by repetitions of the same character. 

Every term in U or V being of the form C 2? , y?, x? .y% is 
called an argument, c its prefix. 

Assume two integer positive numbers r and 7’, and also two 
others sand s', such thatr + 7 =na—1 s+ =m—1], 
and form from U = 0 V = 0 two new equations, 

a .y.U=0 a&.y.V=0. 

Such equations are termed the Augmentatives of the two given 

ones respectively; alsoz”. y” . U and its fellow are termed the 
Augmentees of U and V. 

r and 7 are termed the indices of augmentation belonging 
to U, s and s' the same belonging to V. 

Finally, it will be useful hereafter to call the given poly- 
nomials U and V themselves the proposees, and the given 
equations which assert their nullity, the propositive equations, 
or, briefly, the propositives. 

Now as many augmentees of either proposee can be formed 
as there are ways of stowing away between two lockers 
(vacancies admissible) a number of things equal to the index 
of the other*; hence we shall have x augmentees of U, and m 
of V: thus there will be m + » augmentatives each of the 
degree m + n — 1, and the number of arguments is clearly 
m +n also, so that they can be eliminated linearly, and the 
final derivee thus found, containing m + m letters (properly 
aggregated) in each term, will be in its prime form, that is, 
incapable of further reduction, and void of irrelevant factors. 

It is worthy of remark, that the final derivee obtained by 
arranging in square battalion the prefixes of the augmentees, 
permuting the rows or columns, and reading off diagonal 
products, affected each with the proper sign (according to the 
well known rule of Duality), will not only be free from fac- 

* “Tot Augmenta utriusvis ex zquationibus propositis formari possunt 
quot modi sint inter duo receptacula (utrivis vel ambobus omnino vacare 
licet) rerum, quarum numerus indicem alterius zequat, distributionem faci« 
endi.” 

—— 
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torial irrelevancy, but also of linear redundancy, which latter 
term I use to signify the reappearance of the same combination 
of prefixes, sometimes with positive and sometimes with nega- 
tive signs: furthermore, it follows obviously from the nature 
of the process that no numerical quantity in the final derivee 
will be greater than the higher of the indices of the two given 
polynomials. 

Part II.—Trrnary Systems. 

Case A.—lIndices all equal. 
Method 1. 

Let there be now three proposees, U, V, W, integer com- 
plete homogeneous functions of z, y, z, each of the degree 7: 

letr +t r=n—-1lsts 4+ sl=n—1Ltt+¢+t=n-l, 

at yt 2 U, ay Vy at yf OW 
will, as above, be called the augmentees of U, V, W, and 
every other part of the notation previously described is to be 
preserved. 

Suppose now U = 0, V=0, W =0, 

we shall have as many augmentative equations formed from 
each proposee as there are ways of stowing away 7 things be- 

n+l 
of 

2 
tween three lockers (vacancies admissible)*, i.e. 2. 

n.n+1 

2 

these will be of the degree 2 — 1, so that the number of 
arguments to be eliminated is equal to the number of ways of 
stowing away 2” — 1 things between three lockers (empty 

2n.(2n+ 1) 
3 - 

As yet, then, we have not enough equations for eliminating 
these linearly. 

Make, however,~2 +6 +y=n+1, 

and write U = a. F + y°. F' 4+ 27. F"=0, 

V=2*.G+y7'.G' +27.G'=0, 

Ww= a” .H+°.H! + 2”7.H'—0, 

it will always be possible to make the multipliers of x*, y°, 27 
integer functions: for if we look to any argument in U, V, or 
W,, it is of the form 2% yp. 2°, and one of the letters a, 6, c 
must be not /ess than its correspondent a, , y, for otherwise 
a-+6-+c would be not greater than « + 8B + y — 3, ice. 
n would be not greater than (n + 1) — 3, or n — 2, which is 

* See for Latin translation the preceding note. 

each kind; in all, therefore, 3. , and every one of 

ones counting), i. e. 
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absurd : ifnow any one, as (a), be equal to or greater than a, it 
may be made to supply an integer part to the multiplier of 2%. 

Here it may be asked what is to be done with such terms 

as K.2*.y’. 2°, when two letters a, b are each not less than 
their correspondents a, 8: the answer is, such terms may be 

made to enter under the multiplier of x, or of x®, or to supply 
a part to both in any proportion at pleasure *. 

From the equations above we get, by linear elimination, 

F.G’.H”’ +G.H'.F'+ HF. G! 

—G.fF’.H’-—H.G’.F’-—F.H’.G'=0. 
This may be denoted thus: II («, 8, y) = 0, which equation I 
call a secondary derivative, and the left side of it a secondary 
derivee; «, , y may likewise be termed the indices of derivation 
(as 7, s, ¢, etc. are of augmentation). 

Now since a + 8 + y= + 1, it is clear then the index 
of II (a, 6, y) is alwaysu +2 +n—(n+ 1); i.e.2n—1. 

Ist. Let any two of the indices of derivation be taken zero, 
then it is easily seen that all the terms in II («, B, y) vanish, 
and consequently the secondary derivative equations obtained 
upon this hypothesis become mere identities, and are of no use. 

2nd. Let any one of them become zero. 
It is manifest, from the doctrine of simple equations, that 

1 
II («, 8, vy) may be made equal tof a. U+p.Viv. w hes 

ors W.U + pl. V+ v. Whey 
x 

or{ aI. U+ pw. V+ ww hs 
"4 

upon the understanding that 
4 =G!'.H"—G!'.H!, « =H!.F"—H'.F, » =F'.G!—F".G), 
xv =G".H —G.H", w! =H".F —H.F’, / =F".G —F.G!, 
M=G.H!—G'.H, z'=H.F'—-H!.F, "=F .G'—F.G. 

The three rows of coefficients will be respectively of the 
degrees (n—8) + (w—y), (n—y) + (n—a), (n—a) + (n—8). 

Thus if any one of the indices a, 8, y be zero, II (a, 6, y) 
becomes identical with a’. U + p?.V +4’. W, where the 
multipliers of U, V, W are of 2 — (a + B + y) dimensions, 
i. e. of (x — 1) dimensions, and may accordingly be put under 
the form 

DA. 2 .UtS.Biaty’ 2" V4 5. Cat. yx!” W, 
* The prefixes of any such terms (say K) may be conceived as made up 

of two parts, an arbitrary constant, as e and (K — e); e will disappear spon- 
taneously from the final derivee. 
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that is to say, becomes a linear function of the augmentatives, 
and therefore if combined with them in the process of linear 
elimination would give rise to the identity 0 = 0. 

Hence we must reject all such secondary derivatives as have 
zero for one of the indices of derivation. But all others, it 
may be shown, will be Jincarly independent of one another, 
and of the augmentees previously found. Hence, besides 

S$. ante equations of augment of the degree 2n — 1, we 

shall have of the same degree so many equations of derivation 
as there are ways of stowing away between three lockers 
(x + 1) things, under the condition that no locker shall ever 

be left empty, i. e. es 

n—1 a.na-+id 

2 
Thus, then, in all we have n. Se a 

2n(2n+1 : oss ce 
— pate equations, which is exactly equal to the num- 

ber of arguments to be eliminated. Hence the final derivee 
can be obtained by the usual explicit rule of permutation, and 
moreover will be zés lowest form, for it will contain in each 

n.(n+1 : : 
term Balt + 4) “t ) prefixes belonging to the augmentatives of U, 

and a like number pertaining to those of V and of U, as well 
n—1 

as7. belonging to the secondary derivatives, each pre- 

fix in any one of which is triliteral, containing a prefix drawn 
out of those belonging to each of the proposees. 

Thus every member containing 7. —_ +n. = 

n° of the original prefixes belonging to U, V, W, singly and 
respectively, the final derivee evolved by this process will be 
in its lowest terms; as was to be proved. 

Case A.—Indices all equal. 
Method 2. 

It is remarkable that we may vary the method just given by 
making r + 7+ r'=n—2, s+s4 s!=n—2, t4+2'4+ t!=n-9., 
The augmentatives will thus be of the degree 2” — 2. 

Furthermore, we must make a + B+ y=2+2. It will 
still be possible to satisfy by integer multipliers the equations 

U=2.F+/7.FP 4+ 27.F, 

Vi =e af iGu-toy? Gl 4.2% eGl, 

W = z*.H + 7°. H’+ 27, H". 

* Vide page 426 for the Latin version. 

a}. Cs 



430 Prof. Sylvester on a linear Method of Eliminating between 

[these it will be useful in future to term the equations, 

2%, y®, 2” being the arguments, and F, G, H, etc. the factors 
of decomposition] for otherwise calling the indices of 2, y, z 
in any original argument a, 6, c, their sum or would be not 

greater than (n+ 2) — 3, i.e. (”—1,) which is absurd. 

For the same reasons as in the last case no index of aug- 
mentation must be made zero: the degree of each will be (x —@) 

+(n— 6) + (n—¥;) ie. (2n2—2,) and their number es 

the number of augmentatives will be 3. week linearly un- 

involved, each of the degree 2 2 — 2, and therefore containing 

(2n—1)2n 

2 

Now “7 =-2" as hi oa 

arguments. 

3.(n—1)n_ (2n—1)2n 
SRE: il oe 

Hence the final derivee may be found, and it will be in its 
3.(n—1)n 

2 lowest terms, for every member will contain letters 

3.(n + 1) 
2 

n t 
due to the augmentative, and due to the partial 

derivative equations; in all then there will be 3 x? letters in 
each term. 

This second method being applied to three quadratic equa- 
tions of the most general form, leads to the problem of elimi- 
nating between six simple equations which lies within the 
limits of practical feasibility, and it is my intention to register 
the final derivee upon the pages of some one of our scientific 
Transactions as a standing monument for the guidance of 
hereafter coming explorers*. 

Scholium to Case (A). 
If we attempt to carry forward these processes to quater- 

nary systems, it becomes necessary to make 

at+B+ytos(r—2)n4+1 
orelsea+B+y+o=(r —2)n+2 

of proposees. 
Now if the factors in the equations of decomposition are all 

integer, one of the indices of derivation must be not greater 
than the corresponding index in any of the original argu- 
ments, which may easily be shown to be always impossible for 
a system of equations, complete in all their terms, whenever their 

powhere r is the number 

* Elimination between two quadratics leads to a final derivee made up 
of seven terms only; the final derivee of three quadratics is made up of at 
least several thousand; nay, I believe I may safely say, several myriads of 
terms ! 
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number 7 is greater than three, ifa+6+y+0=(r—2) +2; 
but ife+68 +y+%=(r—2)n-+ 1 only possible for the 
case of nm = 2, and for that case alone. 

Particular method applicable to fowr Quadratics. 

Let U=0, V=0, W=0, Z=0, be four quadratic equa- 
tions existing between w, y, x, ¢: 

Make «x.U =0 Bi Vis) ete SWee x 

7° U20 oN AW ON 

24 Vi=i0'o 2 a= z 

#:V=0 iW = t 

Also write U=2?.F+y.FP 4+2.F"427.F"=0 

¥ = 2°. Gt. Gi Ft ea Gl 47. Gl = 0 

W=2?.H+y.H4+2.H'’+7¢.H"=0 

Bae, Boy KE ee Ke KR = 0: 

By eliminating linearly we get 
={F=G'. (H’ K" —H". K")} = 0, which will be of the third 
degree, since the factors represented by the unmarked letters 
F, G, H, K are of zero, and all the rest of wnzt dimensions. 

Similarly we may obtain other equations, so that besides the 
sixteen augmentatives already written down, we have four se- 
condary derivatives, namely, 

TT (2111) =0 11(1211)=0 11 (11 21) =0 (111 2)=0. 

Thus we have twenty equations and as many arguments to eli- 
minate, since a perfect cubic function of four letters contains 
twenty terms. 

The final derivee will contain 16 + 4°4 letters, i. e. 32, 8 
or 2? belonging to each system of original prefixes in each 
member, and will therefore be in its lowest terms: for one of 
the canons of form teaches us, @ priori, that every member of 
the derivee deduced from any number of assumed equations 
must contain in each member as many prefixes belonging to 
one equation of the system as there are units in the product 
of the indices of all the rest taken together. 

Corollary to Case (A). 
Either of the two methods given as applicable to this case 

enables us to determine integer values of X, Y, Z, which shall 
satisfy the equation 

X.U+Y.V+ZW=F. 2. y/. 2’; 

where I is the final derivee andp+q+r=3n—2. For 

by the doctrine of simple equations we know how to ex- 

(P=) 

z.U, = 

t.U= 
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press F in terms of the linear functions, out of which it is ob- 

tained by permutation, i. e. we are able to assign values of 
A, B, C, and their antitypes, as also of L and its antitype, 
which shall satisfy the equation 

T(A.a" ye”. U)+3.(B.at.y’s”. V)+3(C.a'y”. 2. W) 
43 (L.I (46, y))=F.a%y8.2" 2 . . (1) 

where A, B, C, as well as Land all the quantities formed 
after them, are made up of integer combinations of the original 
prefixes. 

Now the functions II (2, 6, y) may be expressed in three ways 
in terms of U, V, W, as has been already shown. 
We may therefore suppose these functions to be divided 

into three groups, and make 

_s@U+Q.V+Q'.W] 
= LI («6 7) f 

R.U+R.V4R!.W 
4 93 + -; pes (2) 

S.U+S'.V+S".W | 
gp tee 

x J 
And it is evident that the equations (1.) and (2.) lead imme- 
diately to the equation 

X.U+Y.V4¢Z.We Fatth yb te eth, 
if we call a, b, c the greatest values attributed respectively to 

a, By Y: 

Now if we suppose the first method to be followed, 
JSt+gth=en—l. 

And it will always be possible to make a, 6, ¢ of what values 

we please subject to the condition of a+ b+c=n—13 

for one at least of the indices of derivation in II (a, 8, y) must 

be nof greater than its correspondent among 4@, 4, c; other- 

wise « + 6 + y would be not less than (4 + 6 +c) + 3, 

but . . is 7 ie 2 3 ibs which is absurd. 

Hence we can satisfy X.U + B.Y+Z.W=F.a?.y!.2’, 
Pallet being subject to the condition ofp +g+r=3n—2, 

but otherwise arbitrary. 
Moreover, we can not do so if p+g+~7 be dess than 3 — 2, 

for that would require a + + ¢ to be less than x — 1. Now 

if two of the indices of derivation, as « and £, be made equal 

to a +1, +41 respectively, the third y = (n+1) — (a+6 
4+ 2) =(n—1) —(@ + 0), and is therefore greater than ¢: 
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so that «+ 8 + y for this case becomes greater than a +6 + ¢, 
and the method falls to the ground. 

In fact, [ have discovered a theorem which lets me know this, 
ad priori, a law which serves as a staff to guide my feet from 
falling into error in devising linear methods of solution, and 
the importance of which all candid judges who have studied 
the general theory of elimination cannot fail to recognize. To 
wit, if X, X, X;.... X,, be (m) integer complete polynomial 

functions of x letters 7, a)... 2,, and severally of the degree 
b, b, b,.....6,3 then it is always possible to satisfy the 

identity, 

Bn Pek + Pe Kets eee ry Boy, 
=F U1 « Vo. H3%3 0 0 2 Xn 

if a +a, +a,+..... +4, be equal to or greater than 

b, +b, 4+ bo 4+ ...... +6, —n 41, but otherwise not *. 
This again is founded immediately upon a simple proposition, 
of which I have obtained a very interesting and instructive de- 
monstration, shortly to appear, and which may be enumerated 
thus: ‘* The number of augmentees of the same degree that can 
be formed, linearly independent of one another, out of any num 
ber of polynomial functions of as many variables, may be either 
equal to or less than the number of distinct arguments contained 
in such augmentees, but never greater. The latter will be the 
case when the index of the augmentees diminished by unity ts less 
than the sum of the indices of the original unaugmented poly- 
nomials each so diminished ; the former, when the aforesaid index 
zs equal, to or greater than the aforesaid sum.” 

To return to the particular case of finding X, Y, Z to sa- 

tisfy X.U + Y.V4+2Z2.W=F.2?. 71.2". 
This has been already done according to the first method ; 

if we employ the second method of elimination we shall have 
St+gt+h=2n-2; 

* Hence it is apparent, that in applying the methed of multipliers, a curi- 
ous and important distinction exists between the cases of there being two 
equations, and there being a greater number to eliminate from: fer in the 
first case the element of arbitrariness needs never to appear ; in the /atter 
it cannot possibly be excluded from appearing in the multipliers. 

This will explain how it comes to pass that the method of the text may 
be employed to give various solutions of the X.U+Y.V+2.W 
=F.’ y'.2 ; thus not only can (p), (g) and (7) be variously made up 
of (f +a), (g + 4), (A+ ¢), but also II (a, 2, v) when two of the indices 
(a, 2 suppose) are cach not greater than the assigned greatest values a, 6 
may be made to figure indifferently either under the form 

ALU + eV + yw audiinch OL ad DS oh EAL 
wv a 

Phil. Mag. 8. 3. Vol. 18, No. 119. June1841. 2 F 
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but, now since « + B + y = + 2, we shall easily see by the 
same method as above, that the least value of a + 6 +e 
(where a, b,c denote respectively the greatest values of a, B, y, 
appearing in the denominator of the fractional, forms used to 
express II (a, 8, y), will be one greater than before, or 2; so 
that f+g¢+4+a+ 6 +e will still be equal to 3n — 2, as 
we might, @ priori, by virtue of our rule, have been assured. 

Ternary Systems. 

Case (B).— Two of the indices equal ; the third less by a unit. 

Let U=0, V=0, W =O, be the three given equations se- 
verally of the degree n, , (m —1). 

Make 7 +7!4-7r/=n—2,5+5'+s!=n—2, t+742’=n—-1, 

by multiplying U into 2”. y". 2”, Vintoa’.y* .2”, W into 
TR a ood x.y «2 , we obtain augmentees each of the same, namely, 

the (2x — 2)th degree. 

The number of these is, @7U" , (2=1)a ai) Dd Dates _ as 

Again, make «+ B+ y=" +1. 

It will still be possible, as before, to form equations of de- 

composition in which x* y° z7 are the arguments, and affected 
with integer factors. For if we look to W even, all its argu- 

ments are of the form z*.y'. 2°, where a + 6 + ¢ = (n—1), 
and each of these cannot be less than its correspondent, for that 
would be to say that (2 —1) is not greater (n+ 1) —3, @ fortiori, 
U and V can be decomposed in the manner described. 
Thus, then, we shall obtain as many secondary derivees as in 

the last case (Method 1.), i. e. nad et) (since a + 6 +- ¥ is 

still equal to 2 + 1), as before. Moreover, each of these will 
be of (2—a) + (n—) + (n—1—-y), 1. e. of 2 — 2 dimen- 
sions. 

Altogether, therefore, we have 

(1n—1)n  (n—1)n n(n +1) (7 —1).n 
{ge get ge ee 

linear independent equations of the degree 2 — 2, and the 

Qn—1)2 (285 DAS law 
2 

these two numbers are equal. Thus we obtain a final deri- 

(n—1)n (n—1)n 

aC a eae ae ~ 

number of arguments to eliminate is 

vee containing of U’s coefficients an 
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equal number of V’s, but of W’s is ay — ; 

now n(n — 1), n(n — 1) and n? exactly express the number 
that ought to appear of each of these respectively: hence the 
final derivee is clear of irrelevant factors. 

Ternary Systems. 

Case (C). Two of the indices equal ; the third one, greater by 
a unit. 

Here, calling (7) the highest index, the augmentees must each 

be made of the degree (2 »—3,) their number will evidently be 

(n—2)\(n—1) (# = 1)n , (n—1)” 

2 oe Ag 
of the indices of derivation now, as before, equal to (” + 1); 

it will be still possible to form integer equations of decompo- 

sition, which will give rise to augmentatives of the degree 

(n —a) + (n—1) ~6+(n—1) — 7; i.e. of (2n-—3) dimensions. 

The total number of equations, what with augmentatives and 

secondary derivatives, will be eS ae ip (n = 1)” 

, making the sum 

(a—1)n n(m—1)_ 4n?—4n+2 © (2n—2)(2n—1) 

ising S70 yr Q mA 2 ? 

i. e. is equal to the exact number of distinct arguments con- 

tained between them. este 

Also the final derivative will contain in each member 

et) ps = i.e. (2 — 1) (w — 1), letters be- 

‘ ae 1 . vail . 

longing to the first equation, and ene + oe i.e. 

n.(n — 1) belonging to those of the second and of the third, 

and will therefore be in its lowest terms. 

Corollary to Case (B) and (C). 

It is not necessary, after all that has been already said, to 

do more than just point out that the processes applicable to 

these cases enable us to determine X, Y, Z, which satisfy the 

equation X . U fone +Z.W=F xe. 2s 

where f+g+h = 3n— 8 for case (B). 

and f+g+h = 3n—4 for case (C). 

22 Doughty Street, Mecklenburgh Square, April 29, 1841. 

[To be continued. } 
aF2 
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LXX. Notices of the Results of the Labours of Continental 
Chemists. By Messrs. W. Francis and H. Crort. 

(Continued from p. 372.] 

The Cacodyl Series (continuation). 

ROTOCHLORIDE of cacody], KdCl’, cannot be obtained 

pure by distilling the oxide of cacody] with hydrochloric acid; 
a basic salt is then formed. The best method is to distil hy- 
drargochloride of cacodyloxide with hydrochloric acid; the 
product must be dried over lime and chloride of calcium, and 
then distilled alone in a tube filled with carbonic acid: 

Kd0 + Hg: cr | S¢ CF 
H Cr HO 

Hg? Ch. 
The liquid thus obtained is zthereal, colourless, does not solidify 
at — 45° C., and is converted a little above 100° C. into a co- 
lourless gas, which inflames in the air. The fluid itself, when 
burnt, deposits metallic arsenic, or arsenious acid, accordingly 
as the air has more or less access. In oxygen it explodes 
violently when heated. When the air has but very slow ac- 
cess to it, it deposits beautiful colourless crystals. In chlorine 
it inflames and burns with deposition of carbon. Its smell is 
extremely penetrating and stupifying. In greater quantities 
it excites to such an extent the mucous membrane of the nose, 
that it swells, and blood drops from the eyes. It does not dis- 
solve in water, but imparts its odour to it. In eether it is in- 
soluble, but soluble in alcohol. Dilute nitric acid dissolves it 
without decomposition, the concentrated acid causes explosion. 
The chlorine is precipitated entirely by silver salts. Caustic 
lime and baryta do not decompose it, except at a high tem- 
perature. An alcoholic solution of potash forms chloride of 
potassium, and an zethereal volatile substance containing no 
chlorine (C* H' As®?), easily soluble in water and alcohol. 
Sulphuric and phosphoric acids separate the hydrochloric acid. 
Formula C+ H® As* Cl*; sp. gr. of vapour 4°56; calculated 
4°86. 

By passing dried hydrochloric acid gas into alkarsin, a hy- 
drate of protochloride of cacodyl is formed ; it is a thick oily 
fluid, which is decomposed by distillation. 

Protoiodide of Cacodyl, Kd 1°.—Formed by the distillation 

of cacodyloxide with concentrated hydriodic acid; in the re- 
ceiver under the water there appears a yellowish oily liquid, 
which by slow cooling forms beautiful rhomboidal lamin of 
a yellow substance ; it is then cooled, and the iodide remaining 
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fluid is separated, and again distilled with hydriodic acid. In 
order to free it from water, it is allowed to stand some days in 
a closed tube in contact with lime and chloride of calcium, and 
then distilled in a tube filled with carbonic acid until the half 
or, at the most, two thirds has passed over. The iodide thus 
produced is a thin yellowish liquid, smells somewhat similar 
to the chloride, has a high specific gravity; remains fluid at 
— 10°C. 

Boiling point considerably above 100° C. The vapour of 
it is yellowish. If allowed to stand in the air, forms beautiful 
prismatic crystals. The iodide is soluble in xther and alcohol ; 
insoluble in water; decomposed by sulphuric and nitric acid. 
When heated in the air it burns yielding vapour of iodine. 
Formula C! H'? As? It. The specific gravity of the vapour 
could not be determined, because it is easily decomposed by 
mercury. The calculated is 5°816. 

Protobromide.— Formed by distilling concentrated hydrobro- 
mic acid with hydrargochloride of cacodyloxide; it forms a 
fuming yellow liquid, very similar in its properties to Kd Cl. 

Protofluoride is obtained in a manner analogous to the pre- 
ceding ; it is a colourless fluid of insupportable smell, inso- 
luble in water, but suffers decomposition by it. It attacks 
glass; C+ H2 As? Fl. 

Aydrargo-chloride of Cacodyloxide*.— When a dilute alco- 
holic solution of oxide of cacody! is added to a dilute solution 
of corrosive sublimate, a voluminous white body is precipi- 
tated, which consists of the above compeund mixed with ca- 
lomel ; from this it may be freed by repeated crystallizations. 
It may be formed with any other compound of cacodyl which 
is similarly constituted to the oxide. An excess of sublimate 
decomposes the salt. Formula Ct H® As: O + He? Cl. 
Bunsen leaves it for the present undetermined whether the 
oxygen is only 1,14 0r2 atoms. He assumes that sublimate 
is contained in it, because potassa precipitates oxide of mer- 
cury, and hydriodic acid produces the scarlet iodide and iodide 
of cacodyl, &c. &c. By distillation with phosphorous acid it 
is decomposed into chloride of cacodyl and calomel. Chloride 
of gold is reduced by it. 

100 parts of boiling water dissolve 3:47 parts of the salt ; 
at 18° C. the solution contains only 0:21 parts. It is soluble 
in alcohol, inodorous if not brought into the nose; taste 
disagreeably metallic; in larger quantities is poisonous, &c. 

* We may here remark, that this name is a literal translation from the 
German Quecksilberchlorid Kakodyloxyd. We do so because an anonymous 
writer has criticised our notices, on account of the nomenclature, in a short 
paper in the Phil. Mag. 
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The hydrargobromide is very similar to the hydrargo- 
chloride. 

Basic chloride of cacodyl is formed by treating the chloride 
with water, or by distilling with hydrochloric acid. Formula 
(C1 HAs? + O) + 3(C*H" As? + Cl’), or KAO + 3 Kd Ch. 
Density of the vapour 5°46 ; according to calculation it should 
be 5°35. This substance is very similar to the chloride; it 
boils at 109° C. 

Basic bromide of cacodyl is prepared in the same manner 
as the above, to which it is very similar, It is yellow, be- 
comes colourless on heating, and acquires its yellow colour 
again on cooling. Formula (C+ H' As*® + O) + 3 (Ci H® 
As? + Br’), or Kd O + 3 Kd Br*. 

Basic iodide of cacodyl is produced, together with the iodide, 
on distilling the oxide with hydriodic acid, It is deposited 
from the neutral compound in yellow crystalline crusts. It 
may be purified by recrystallization in alcohol and pressure 
between bibulous paper. The water may be got rid of by 
allowing it to stand some days in a fluid state in contact with 
chloride of calcium, and then distilling. It absorbs oxygen 
with such rapidity, that Bunsen was not able to make an ana- 
lysis of it. 

The iodide of cacody] and the oxide may be mixed together 
without combining, if they are both anhydrous; but if a drop 
of water be added, the solution becomes instantly one solid 
mass, which consists of the basic iodide. ‘The substance is 
very soluble in alcohol, but little in water: melts below 100°C., 
and may be distilled over unchanged. In the air it evolves 
white vapours, and heats so much that it becomes fluid, and 
sometimes inflames. By distillation with hydriodic acid it 
cannot be reconverted into the neutral iodide, and in so far it 
differs from similarly constituted inorganic salts. 

M. Bunsen intends continuing his researches on these in- 
teresting bodies. 

Oil of Esdragon—Oil of Sabine. 

M. Laurent has analysed the oil of Esdragon. Its formula 
is C* H82O°; it boils at 206°C. ; has a specific gravity of 0:945 ; 
that of its vapour was found by experiment to be 67157, calcula- 
ted 6°158. It combines with sulphuric acid to form sulphodra- 

conic acid; the formula of the baryta salt is C** H3?O%, S + Ba; 
treated with nitric acid, it gives five new crystallizable acids, 

Oil of Sabine has the same constitution and same properties 
as oil of turpentine. By the action of ammonia on oil of cin- 
namon M. Laurent obtained a substance which he calls cinnhy- 
dramid, C'* H'* N¢ O; he remarks, that the law of substi- 
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tution has not been followed in this case; the oil has lost 1 atom 
of oxygen and taken H3 N. 

Bromide of camphor, C* H?O? + Br’, is crystallized, deli- 
quesces in the air; bromine flies off and leaves camphor; this 
change is effected immediately by ammonia. When distilled 
it is also decomposed, but generally some hydrobromic acid, 
and an oily bromide are formed, C*° H3*O?+ Brt= C2 Hs0 Br? 
O? + H? Br®. (Compt. Rendus, x. p. 531.) 

Oil of Potatoe-Spirit—Amilen. 

M. Cahours has published some more of his experiments on 
the oil of potatoe-spirit. Hydrochlorate of amilen is obtained 
by distilling equal parts of the oil and chloride of phosphorus ; 
the product is washed with water in which a little potassa has 
been dissolved, dried over chloride of calcium, and distilled. It 
is a colourless, aromatic, agreeably smelling fluid, insoluble in 
water; boils at 102°; does not change litmus paper, and is not 
decomposed by nitrate of silver. It burns with a flame with 
green margin. Formula C'° H* Cle. M. Cahours examined 
the action of chlorine on this substance when in the sunshine; 
hydrochloric acid gas was developed, but soon ceased. The 
product was a clear colourless liquid, smelling like camphor. 
Formula C'’ Hé Cl's = Ce H» Cl? — H's + Cl’, 

Acetate of amilen is easily obtained by distilling a mixture 
of two parts of acetate of potash, one part potatoe-oil, and one 
part sulphuric acid ; the product is dried by means of chloride 
of calcium, and distilled over oxide of lead. It is a colourless 
volatile liquid, which boils at 125°. The smell is somewhat 
similar to that of acetic zether ; lighter than water ; insoluble in 
the same, but soluble in alcohol, «ether and potatoe-oil; is de- 
composed by an alcoholic solution of potassa into acetate of 
potash and potatoe-spirit oil. Density of the vapour 4°458 ; 
calculated 4°475. If chlorine be passed into this zether heated 
to 100°, until no more hydrochloric acid gas is given’off, a pro- 
duct is obtained, whose formula is Ct H® O03, Co HO Ch, 
similar to Malaguti’s *“‘ Ether acétique Chloruré.” In the 
sunshine this body is acted on by chlorine; small crystals are 
formed, but the products have not been examined. By the 
action of spongy platinum the oil of potatoe-spirit is converted 
into valerianic acid. (Ann. de Chim. et de Phys. \xxv.) 

On the Resins of Benzoin. By M. Van der Vliet. 

Benzoin is pulverized and boiled with carbonate of soda; 
one of the resins is dissolved, the brown solution is filtered, 
treated with hydrochloric acid, and thrown boiling hot on a 
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filter. ‘The resin remains on the filter, and a solution of ben- 
zoic acid passes through. ‘The benzoin is boiled two or three 
times, as stated above, and then treated with ether, which 
dissolves half of it; on evaporation the ether deposits a 
resin. The third resin which remains behind is soluble in 
alcoho]. This latter is Berzelius’s betaresin, that soluble 
in ether the alpharesin, and the third gammaresin; these 
resins thus prepared are not perfectly pure. The gamma- 
resin must be boiled with water to free it from benzoic acid, 
it then melts at 180° C, and is pure. The alpharesin forms 
an insoluble compound with carbonate of soda; by long boil- 
ing of the benzoin with carbonate of potash, all alpharesin is 
extracted, for it is converted into gammaresin and becomes 
soluble. Carbonate of soda effects this change very slowly. 
After the extraction of the alpharesin by «ether, there remain 
behind betaresin, the alpharesin compound and the impurities 5 
these latter remain when the mass is boiled with alcohol; 
on cooling the alpharesin compound is precipitated; the be- 
taresin remains dissolved. ‘The properties of these resins have 
been described by Unverdorben, Poggendorff’s Annalen, xvil., 
Berzelius’s Chemie, vii. 

The formula for the alpharesin is C? H™*O'; the atomic 
weight, as found from the analysis of the lead compound, is 
721420; calculated 7274°58. Betaresin is C’® H*## O'; the 
analysis of the lead salt gives, as atomic weight, 4099°9; cal- 
culated 4231°94. 

Gammaresin is C*° H*° O°; atomic weight 3042°64; accord- 
ing to analysis 3062°81. It is probable, from what has been 
said above concerning the metamorphosis of alpharesin into 
gammaresin, that benzoin contains only two resins for 

Alpharesin ......... C7 + H**+ O"% 
minus Gammaresin C*%”° + H* + O° 

Betaresin..... CG + H* + O» 
They may be considered as oxides of Ct H+ combined with 
a hydrocarbon; thus ' 

Alpharesin .... 14 (Ct H?) O 4+ 14C H? 
Betaresin ...... 9 (C+ H*)O® + 4CH?” 
Gammaresin... 5 (Ct H+) O° + 10CH® 

(Annalen der Pharmacie, Xxxiv.) 
[The account of Mr. Johnston’s experiments, Phil. Mag. 

vol. xvii. p. 384, is too short to allow of any conclusions being 
drawn from it. 1 am not acquainted with the methods Mr. J. 
used for purifying his resins. It appears, however, that he has 
not observed the alpharesin of Van der Vliet. In paragraph 4, 
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he says that potassa decomposes benzoin into Cio He: O) 
(C# H*# O°) and Ce H% O*% The former is evidently the 
betaresin ; probably all alpharesin had been decomposed into 
the other two. The soluble resin, Ci? H20 Q7, agrees tole- 
rably well with the gammaresin. I regret extremely that I 
have no opportunity of obtaining further particulars of Mr. 
Johnston’s experiments on the subject.—H. C.] 

Veratric Aither. 

Dr. Will has prepared veratric ether by dissolving the 
acid in strong alcohol, and saturating it with hydrochloric acid 
gas. On mixing with water the ether separates as a thick oily 
fluid, which, by washing with a dilute solution of carbonate of 
soda, gradually solidifies. It is then dried by means of sul- 
phuric acid under the air-pump. It melts at 42° C.; is almost 
inodorous; has a bitter burning taste; scarcely soluble in water; 
soluble in alcohol, out of which it crystallizes in groups of 
acicular crystals; not volatile without partial decomposition, 
Specific gravity at 18°C. =1:141. Formula Ct HO, C's 
H' O7. (Annalen der Pharmacie, xxxvii.) 

Action of Anhydrous Sulphuric Acid on Anhydrous Camphoric 
Acid. 

M. Walter has examined the action of anhydrous sul- 
phuric acid on anhydrous camphoric acid. ‘The camphoric 
acid is dissolved by fuming sulphuric acid ; on heating carbonic 
oxide is developed, but no other gas. By saturating the fluid 
with carbonate of baryta a soluble salt is obtained, which must 
be evaporated iz vacuo; it does not crystallize, but forms an 
amorphous colourless mass, soluble in water and alcohol. 
Formula C° H'* O°, SO*, BaO. Camphoric acid is C'’°H" Os; 
the decomposition is thus C’? HO} + SOs = C» H Os + 

SO*+ CO. The lead salt is C? H 03, S + Pb. The po- 
tassa salt is crystalline; the lime salt is amorphous ; they have 
both similar formula. The acid itself may be obtained cry- 
stallized, but not dry. (Annales de Chemie.) 

M. Walter has published some experiments on the action of 
anhydrous phosphoric acid on camphoric acid. The action is 
quite different from that of sulphuric acid ; the one atom of car- 
bon has its place taken by the sulphurous acid in the former 
case, but in the latter the decompositions are more complicated. 
When the two acids are distilled together much gas is evolved, 
and an oily fluid passes over. ‘The gas consists of one volume 
of carbonic acid, and four volumes of carbonic oxide. The 
fluid is a hydrocarbon, C 88-4; hydrogen 11°6. It might be 
oil of turpentine, but M. Walter considers it more probable 
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that it is a kind of naphtha, containing 89 per cent. carbon, 
and explains his finding too little by the circumstance that the 
fluid contains phosphuretted hydrogen, from which it is with 
difficulty freed. (Annales de Chim. et de Phys. \xxv.) 

LXXI. On the Manufacture of Platinum. By a cORRE- 
SPONDENT. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 
ILL you allow me, through your pages, to suggest to 
chemists that the price of that necessary article, pla- 

tinum, might be reduced by means of the electrotype process ? 
I believe that the high price of this metal is in some measure 
due to the labour required to reduce it into a malleable state 
by the method of Wollaston. This portion of the expense 
might, I think, be reduced to a very small part of the whole, 
if the metal were at once reduced from its solution by the slow 
action of electricity, as this mode involves no labour, while 
the necessary apparatus is cheap. Might not the same method 
be applied to reduce nickel to a malleable state? This being 
a cheap metal, not liable to rust, it might perhaps be advan- 
tageously used for some purposes for which platinum is too 
expensive, 

I am, Gentlemen, your obedient servant, 

LXXII. On testing for Arsenic and Antimony by Hume's 
Process. By J. Mansu, Esq. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 
| you should think the following communication of suffi- 

cient importance, I beg you will give it a place in your 
valuable Journal. 

In testing for arsenic I have found, by repeated experiments, 

that Hume’s test (the ammonia-nitrate of silver) is extremely 

useful as a discriminative test for arsenic or antimony. The 
way that I use it is simply as follows:—After the matter to 
be tested has been acted on in my apparatus, a piece of com- 

mon window-glass, (which I prefer, as it can be obtained with 

ease,) porcelain or mica, is to have one of its surfaces moist- 

ened with Hume’s test; it is then to be held horizontally, with 

its moistened side downwards, directly over the ignited jet of 

gas, about half an inch from the tip of the flame. If arsenic 

be present, the well-known characteristic lemon-yellow colour 
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is instantly produced ; if antimony be in the mixture, a curdy- 

white precipitate is obtained: if, on the contrary, neither 

arsenic nor antimony is in the matter under examination, the 

hydrogen instantly reduces the silver of the test-liquor to the 

metallic state. 
It is really beautiful to see the admirable manner in which 

this test performs its duty, and I submit the same with 

confidence to the attention of your numerous readers and 

correspondents. 
I am, Gentlemen, yours truly, 

J. Marsu. 

Royal Arsenal, Woolwich, May 10th, 1841, 

Wee Lh a nn te 

LXXIII. On the Composition of Chalk Rocks and Chalk 

Marl by invisible Organic Bodies : from the Observations of 

Dr. Ehrenberg. By Tuomas Weaver, £sq., EES, 

F.G.S., M.R.LA, Sc. S¢. 

[Continued from p. 397.] 

On the Geographical Distribution of Living Polythalamia on 

the African and Asiatic Coasts of the Mediterranean, and in 

the Ted Sea. 

HE materials collected by Dr. Hemprich and myself in the 

- Mediterranean refer tofour points on the Libyan coast, and 

one point on the Syrian coast. In regard to a second point on 

the latter coast (St. Jean d’Acre), I have acquired a knowledge 

of some forms from the collection of Dr. Parthey. 

From the Red Sea nine forms were made known to us by 

d’Orbigny, collected from sand presented to him by Deshayes. 

But from the collections made by Dr. Hemprich and myself 

from thirteen points along the whole length of the Red Sea, it 

appears that very numerous forms exist. Of seven of those 

points, one occurs on the western (African) coast at Suez, and 

six on the eastern (Arabian) coast, namely, at Tor, Erraie and 

el Ard, Moileh, el Wusch and Gumfide; and of the remain- 

ing six, five are islands on the Arabian side, namely, Sanafer, 

Maksure, Barkan, Sanac and Ketumbul, and one an island 

on the African side of the Red Sea, namely, Massaua. 

It is possible that by repeated and closer examination of the 

marine productions collected by us, many other Polythalamia 

may be found besides those already discovered. In the mean 

time, as a preliminary, I have drawn up a list of the species 

hitherto met with*. From this it results that the total num- 

* Of d’Orbigny’s nine species from the Red Sea, there are three which 

I cannot identify, namely, Triloculina bicarinata, Quinqueloculina limbata, 
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ber of species of Polythalamia observed in the Red Sea are 
Jifty, and in the Mediterranean, on the Libyan and Syrian 
coasts, twenty-seven. ‘The new species derived from the two 
seas amount to fifty-four, of which twenty-seven species are 
peculiar to the Red Sea, and seventeen are common to both 
seas. Particularly worthy of notice is the wide distribution 
and massy development of the Peneroplis planatus and Sorites 
Orbiculus, which are rare on the European coast. These forms 
are not only present almost everywhere in the East, but con- 
stitute the predominant masses. On the other hand, the Ro- 
talia Beccarii, which composes the Italian hills, occurs only 
singly and very rarely in the Red Sea; and I nowhere found 
it on the Libyan and Syrian coasts. ‘The Sorites Orbiculus I 
have also from St. Domingo. 

In reviewing these subjects, even a superficial comparison 
of them with the contents of the chalk and chalk mar], is at- 
tended with the striking result, that none of these living forms 
are found among the animalcules of the chalk, not even among 
those which compose the compact limestone of the Egyptian 
and Arabian rocks, and which are still partly washed by the 
sea near Hamam Faratn. 

Remarks on Polythalamia. 

After a preliminary view of the researches of earlier la- 
bourers in this branch of zoological inquiry, Dr. Ehrenberg ob- 
serves:—A lively interest respecting the minute Polythalamian 
bodies which enter into the composition of sea-sand was ex- 
cited anew by the work of Alcide d’Orbigny in 1826, in which 
are contained a great number of new species, while many of 
those which were previously known are examined with greater 
care, and an improved and easier view is taken of the whole 
subject. By his active exertions he had collected between 600 
and 700 species from the sea-sand of France, Italy, England, 
the Isle of France, Sandwich Islands, the Malouine and Ma- 
rian Isles, &c., of which, however, only 425 received names. 
The whole mass of these microscopic animalcules, which he 
again decidedly associates with the Mollusks and Cephalopods, 

and Q. punctata ; but the other six are probably these with which I have 
become acquainted, and to which I have therefore given the same names, 
namely, Textularia communis, Calcarina Defrancii, C. Gaudichaudii, Quin- 
queloculina sulcata, and Vertebralina striata. His Assilina (Nummutlina) ni- 

tida | hold to be the Sorites Orbiculus, 
Although I possess and have compared many of the Polythalamia which 

have been described by d’Orbigny derived from the same lccalities, yet 1 
am in want of a great number of the originals named by him, and as this 
author has generally given new names unaccompanied by descriptions, I 
have not in most cases been able to determine to what form the name 
given by him belongs. 
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but in a distinct order under the name of Foraminifcres, are 
distributed by him into five families, according to the spiral 
or other form in the grouping of the cells ; these families com- 
prising fifty-two genera. On this work Deshayes made vari- 
ous critical remarks in the Dictionnaire Classique. D’ Orbigny 
expressly states that the animal of the Polythalamia (his Fora- 
minifera) resembles the Sepia in the structure of its body, al- 
though much smaller, and then proceeds to give the essential 
characters of the living body of the Polythalamia, yet without 
naming specifically or generically any one animal from which 
they were taken *. 

Both Blainville and Dujardin have made the correct obser- 
vation that the minute shells of the Polythalamia are external 
cases, and not, as incorrectly viewed by Denys de Montfort 
and Alcide d’Orbigny, internal bones. Yet in referring the 
microscopic so-called Cephalopods to the Infusoria, Dujardin 
commits a mistake}. It was this contradiction between ob- 
servers that induced Férussac, in his great work, Histoire Na- 
turelle des Mollusques, to exclude the Foraminifers from the 
class of the Mollusks; and others entertained similar objec- 
tions, yet without assigning to them a correct position. 

In the year 1831 J laid before the Academy contributions 
to the knowledge of Coral animals, with an attempt to class 
them physiologically ; which attempt was entirely founded on 
my own observations of the living animalcules, when, accom- 
panied by Dr. Hemprich, I travelled on the Red Sea in the 
years 1823 and 1825. In that work I designated the Coral 
animals as composed of two strongly marked organically di- 
stinct groups, under the names of Anthozoa and Bryozoa. In 
the year 1831 also, I communicated in the Symbole Physice 
the first development made of the complicated structure of the 
Halcyonella stagnorum, one of the Bryozoa, and showed that 
it was quite similar to that of Flustra. 

The researches of Dujardin in 1835 gave an entirely new di- 
rection to the ideas which had been formed of the Polythala- 
mia, showing that not a trace of resemblance was to be found 
between them and Sepia; on the contrary, the greatest sim- 
plicity of structure became apparent, bespeaking a simple ani- 
mal body covered by a shell, with the power of extending or 
contracting itself at will. But when Dujardin expressly com- 
pares the Polythalamia to the Proteus (Amoeba) of the Infu- 
soria, such an association cannot be admitted, unless it be first 
proved that a polygastric structure exists in those bodies. He 
has given to them the new name of Rhizopodes. 

* Annales des Sciences Naturelles, 1826, t. vii. p. 245. 
t+ Annales des Sciences Naturelles. Seconde Série, t. iv. p. 343, 1835. 
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I showed, in 1837, that the Polythalamia could not well 
possess an organization similar to that of the Infusoria, as not 
a single known true species of Infusoria has a calcareous shell ; 
and I had, in 1823, discovered, as I conceived, a true living 
Polythalamia of earlier authors, resembling in organization 
the very complex Flustra. The correctness of this view was 
fully established in 1839, after having examined anew, ac- 
cording to my improved method, the small Nautilus Orbicu- 
lus of Forskal, which d’Orbigny designated in 1826 as Num- 
mulina (Assilina) nitida, specimens of which I had collected 
from the sand of the Red Sea in 1823, and which I have 
named Sorites Orbiculus. The result proved that the dise-like 
shell was a Polypary, often composed of more than one hun- 
dred single animalcules, the cells of which quite resemble those 
of a Flustra, the animal putting forth and retracting from six to 
eight tentacula. And I even discovered in the interior of the 
single cells well-preserved siliceous Infusoria, the last food 
taken by the animal; and in some of them also small globu- 
lar bodies, which, without much constraint, may be considered 
as eggs. Though I had at an early period observed that the 
disc was composed of many cells, yet I could not perceive an 
opening to them; but the discovery of Infusoria in their in- 
terior led me to consider by what means they could have been 
introduced. Reflection reminded me that I had often seen 
Coral animals which in the expanded state exhibited many 
large bodies with tentacula and a large mouth, yet when con- 
tracted left scarcely a trace of the openings through which 
they were protruded from the common Polypary. As such I 
remembered Pennatula, Lobularia, Halcyonium and similar 
forms, in which I had frequently observed, that in the skin of 
the animal existed calcareous particles, which on the contrac- 
tion of the skin so completely closed the opening as to render 
it no longer perceptible. Renewed examination of the closed 
surface of the cells of the Nautilus Orbiculus, Forskal, now 
showed to me that in them also dendritic calcareous particles 
exist, the close approximation of which closes the cell, so that 
the cover of the cell is in fact the dried skin of the animalcule. 
I now made an experiment in proof, by dissolving the small 
shell in dilute muriatic acid, in order to obtain the animal 
body in a free state; and it succeeded perfectly. I obtained 
as many animalcular bodies as there were cells, connected to- 
gether by band-like processes, and in the interior of many of 
them there were well-preserved siliceous Infusoria. I then 
treated in the same manner the Flustra pilosa and F. membra- 
nacea of the Baltic, and found in their interior also siliceous 
Infusoria. The same results followed a similar examination 
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of the shells of Rotalia from the sand of Rimini, of the shells 
of Peneroplis planatus, Pavonina Antillarum, and of Orbicu- 
lina numismalis from the sea-sand of St. Domingo, as well as 
of other shells with their animals from the sand of the Red Sea 
and the Mediterranean; so that now a view is obtained of the 
more general organization of the principal groups of the Po- 
lythalamia. 

It results clearly from what has been said in respect of these 
species, which are so common and widely distributed, and which 
have hitherto been designated in systems as small Nautili, that 
the straight-jointed shells of Nodosaria (formerly viewed as 
Orthocera), as well as the spiral shells of Rotalia, Cristellaria, 
&c. (considered as Nautili or Ammonites), and the shells of 
Biloculina resembling vermiform tubes (Serpula), are none of 
them internal calcareous parts which were encased by an ani- 
mal body, similar to the internal bone of Sepia, or the cylin- 
drical spiral bone of Spirula; but, on the contrary, that they 
are external calcareous shells, bearing analogy to those of 
Mollusks, or more correctly to those of Flustra and Cellepora, 
which, after separation by an acid, disclose and render visibly 
free the internal simple body or the Polypary, exhibiting pre- 
cisely the same form. If the shell of Polythalamia be fre- 
quently perforated with pores, this is no proof that no other 
openings exist, or that the animals receive nourishment through 
many tubes, for the same structure is not unfrequently found 
in Flustra accompanied with the peculiar opening from which 
the fore-part of the animal body may be protruded; and in 
these exist also fringe-like filaments, which are extensile and 
retractile, and by no means to be compared to the pseudopo- 
dia or variable feet of Amoeba, but probably bear analogy to 
the mantle fringes of many Mollusks, applicable to the pur- 
poses of creeping and attachment, and for which perhaps they 
were specially designed. Moreover, Flustra possess a distinct 
large animal organization; and the siliceous Infusoria, and 
probable eggs found in Polythalamia, clearly bespeak in them 
also similar relations, the discovery of which, however, had 
hitherto been prevented by the calcareous encasement and the 
minuteness of the objects. 

It has resulted from the examination of the soft small ani- 
mal bodies of living Polythalamia, that while many resemble 
Flustra or Eschara assembled in families or polyparies, each 
such family being often composed of hundreds of much mi- 
nuter single animalcules, many others are single animals after 
the manner of Mollusks. Hence arise external characters and 
forms which have often a reference to very different relations, 
which it is first necessary to distinguish before we can succeed 
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in obtaining a clear view of the whole. The assiduous and 
careful labours of d’Orbigny retain their full value, serving 
as a basis to all future researches; and if in the present com- 
munications I shall have succeeded in turning the inquiry into 
a more physiological channel, my object will be attained. 

To the term Polythalamia, (originally introduced by Dr. 
Breyn, of Danzig, in 1732,) a different extension or significa- 
tion under other names has been given by different authors. 
To remove this unsteadiness and wanton change of names, 
which only lead to obscurity, it appears advisable to apply the 
term Poly thalamia, in preference, as Soldani had done, to that 
group in which the animalcules actually live in many cells, and 
do not, like the Nautili, possess many empty cells. ‘This di- 
stinction, that the animal of the Polythalamia has no empty 
cells, but that all its cells are simultaneously occupied, is of 
particular importance in their systematic arrangement among 
other animal bodies. Where there are many cells, they con- 
sist either of so many single animals, the whole constituting a 
polypary, or of organically filled integrant portions of one 
and the same individual forming groups. Both structures are 
foreign to the true Cephalopods. The shell-bearing Cepha- 
lopods may with Linnzeus be divided into the wndlocular and 
multilocuiar. 

On the other hand, the want of a sipho which has been as- 
signed as a character of Polythalamia, and from which they ’ 
were named Asiphonoidea by De Haan, is incorrect, inasmuch 
as many really possess a part which may be fully compared to 
a sipho, if not in function, yet in form, namely, the tube which 
connects the separate cells of Nodosarina and of all individual 
many-celled forms. It is only in the Mzdéolina family among 
the simple Polythalamia, and it is only in the families of Aste- 
rodiscina and Soritina among those forming polyparies, that 
the want of a sipho is really | necessary, naeaniee they live in- 
dividually i in single cells. But all the Nodosarina, "Textula- 
rina, Uvellina, Rotalina, and Plicatilia among the simple Po- 
lythalamia, and the Frumentarina, Helicosorina, and Alveo- 
linea among those which form polyparies; possess tubes of 
connexion between the cells, which very frequently resemble 
also in form the sipho of the Nautilus. D’Orbigny, it is true, 
states also that the cells of oraminifers are connected by se- 
veral openings; that, however, proceeds from an erroneous 
view, for such Polythalamia alone present several openings at 
the border of the cells, whose calcareous surface is interrupted 
in the form of a net-work, exhibiting often a relation analogous 
to that which is frequent in Madrepora and Astraea, in which 
the soft body is not divided or sharply cut off by com- 
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pact calcareous plates, but the soft parts appear interwoven 
with minute calcareous rods, in a lattice-like manner. These 
numerous small connecting openings, which are sometimes 
visible in some of the Rotalia and Rosalina, and also in the 
Textularia, I do not consider essential, but hold that the true 
channel of connexion has always a large diameter, and is sim- 
ple for each single animal. The erroneous view of d’Orbigny 
and of all his followers becomes so complicated, that polypa- 
ries are held to be single animals, and consequently the vari- 
ous connecting openings to be those of a simple individual. 

With respect to d’Orbigny’s genus Nummulina, although 
it has derived advantage from his diligent investigations, I 
consider it as composed of very heterogeneous elements, which 
belong to quite different divisions of animals. Some species 
of the sub-genus Assélina, and perhaps all of them, may be- 
long to the families Soritina and Asterodiscina, while the As- 
silina nitida of the Red Sea is assuredly Forskal’s Nautilus 
Orbiculus, that is, Sorites Orbiculus. 

I am of opinion that all those species which are provided 
with visible traces of mouths or openings, as in Lamarck’s 
genus Lenticulina with d’Orbigny’s character of Nummulina, 
are to be received among the Polythalamia; but that all such 
species as have the form of a lens or disc, and are provided 
with internal spiral cells, but without a trace of such mouths, 
the cells being moreover separated from the external surface 
by thick calcareous layers, are to be considered as internal 
bones. These mouthless Nummulina are rather to be ranged 
with the Velellida of the Acalepha along with Porpita, where 
similar internally cellular coin-shaped bones exist. The con- 
siderable size of many Nummulina is also striking and foreign 
to Polythalamia, but agrees very well with the family of the 
Velellida, as also in the want of traces of the attachment of 
muscles, and in the want of a sipho or channel of connexion 
between the cells. Until better informed, therefore, I de- 
cidedly exclude the mouthless Nummulina from the Polytha- 
lamia, and retain only Lamarck’s Lenticulina in the sense at- 
tached to d’Orbigny’s Nummulina in a young state. 

The distinctive character of the Polythalamia, when com- 
pared with their nearest relatives the Flustra, Lschara, Cri- 
statella, &c., consists in the shell, and in their freedom of mo- 
tion. But with this may be combined the power of attaching 
itself to other bodies, just as in the Cristatella (or Hydra also ) 
which often remains long attached, and then creeps again. 
Those bodies which are apparently Polythalamian, but are 
really adherent and immoveable, belong to the Cedlepora, 
Flustra, Tubulipora, and similar forms. ‘The simplest Poly- 

Phil, Mag. S. 3. Vol. 18. No. 119. June 1841. 2G 
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thalamian form is the Mz/iola in Dujardin’s sense, if there be 
really such self-existent animals, and they be not the young 
of others, or of many-celled forms most nearly related to Bi- 
loculina. And perhaps Gromia oviformis might be so viewed, 
should it not prove to be a Difflugia (an Infusoria). In this 
series I myself place provisionally, as doubtful, those nume- 
rous small globules of the sand of Rimini which have no di- 
stinct opening, or sometimes present a very minute one. The 
next simplest form is that of a simple straight row of cells, as 
in the Nodosaria, a jointed continued development of a sim- 
ple body. Teatularina, Uvellina and Rotalina (Lenticulina), 
may, as to external form, be viewed as Nodosarina developed 
in another manner, namely, in botryoidal or spiral forms. 

I have here to make a remark that appears important. In 
the entire vast mass of known Polythalamia, a case or vest- 
ment prevails which is either cuticular or composed of a cal- 
careous substance, while in Jnfusoria either a cuticular or sili- 
ceous substance prevails, so that hitherto no calcareous-shelled 
Infusoria nor siliceous-shelled Polythalamia had presented 
themselves. Yet among the fossil microscopic organisms of 
the chalk marl of Sicily, we find intermingled with the Infu- 
soria shells bodies whose forms may be ranked with Poly- 
thalamia, namely, with Nodosarina, but the shells of which 
are siliceous, insoluble in acids, and which to the eye have a 
more transparent vitreous aspect than the calcareous shells 
when penetrated by balsam. I have hence been induced to 
place these siliceous-shelled forms, until a further knowledge 
may be acquired of their organization, among the polygastric 
Infusoria near the shelled Amoeba, in a separate family, under 
the name of Arcellina composita, or Polycystina*. Such sili- 
ceous-shelled Polycystina, resembling calcareous-shelled Po- 
lythalamia, are the genera Lithocampe, Cornutella and Ha- 
liomma, with several species. 

I wish here to draw attention to a small character hitherto 
unregarded, which is distinctive of true Polythalamia, and 
often even of their fragments. It consists in this, that in the 
tube or channel of connexion between the cells, the mouth of 
the tube which belongs to the earlier smaller cell is overgrown 
and surrounded by the succeeding larger cell. If the mouth 
of the last cell be prolonged in a beak-like form, we find in 
all the earlier smaller cells a distinct tube, quite similar to the 
hard remains of the sipho in the Nautilus; but so placed that 
the tube always projects forward from the smaller into the 
larger cell, and never backward from the larger into the smaller 

* This view has been already indicated in the work “On the Infusoria 
as perfect organisms,” 1838, p, 136. 



on the Organic Composition of Chalk and Chalk Marl. 451 

cell. In the Nautilus, this projection of the tube of connexion 

is reversed, always proceeding from the larger to the smaller 

chamber, so that in the last, the greatest chamber, the body 

of the animal thus acquires a smooth foundation, upon which 

it can move more freely. In true Nautili also the base of the 

cells is concave or undulated in the forward direction, while 

in the Polythalamia it appears without exception to be either 

quite straight or convex in that direction. This character 
was also observed by Fichtel and Moll. 

The tabular view which I have given of the Bryozoa, found- 

ed as it is on the new observations which I have made, is 

drawn up with special regard to a definite expression of fossil 

phenomena, the ancient names of d’Orbigny being mostly re- 

tained. This very diligent precursor in these studies first laid 

down a foundation rich in forms and systematically ordered, 

which may serve for all future investigations, and has given 

names to families which are well adapted to his purpose; but 

these I have been obliged to alter, yet not arbitrarily, inas- 

much as from the difference of our views it became necessary 

to separate from each other the forms which constitute his 

families, according as they are either simple Polythalamia, or 

Polythalamia composing polyparies. 

Since the foregoing pages were drawn out, a newer work 

by Dr. Ehrenberg has made its appearance, embracing com- 

munications made to the Berlin Academy, on the continued 

researches of the author between September 1839 and August 

1840, and bearing the title, “On the numerous Living Species of 

Animals found in the Chalk Formation*.” Of this very inter- 

esting publication I had designed presenting an abstract, but 

having learned that a complete English edition of the work is 

about to appeart accompanied by the engravings, I now con- 

fine myself to a few notices immediately connected with the 
preceding part of this paper. 

In this memoir Dr. Ehrenberg repeats his objections to the 

views entertained by MM. Alcide d’Orbigny and Dujardin. 

It has been seen, that to the Polythalamia, whose minute and 

often microscopic calcareous shells compose in inconceivable 
numbers, and in now nearly 1000 known different forms, the 
principal mass of chalk rocks and of many sands of the sea, 

M. d’Orbigny had several years since ascribed an external 

animal bearing the form of a Sepia, the small shell itself, which 

* Ueber noch zahlreich jetzt-lebende Thierarten der K reidebildung, pp. 94, 

with four plates, Berlin, 1840. 
+ In the Scientific Memoirs of Mr.R. Taylor. Its publication cannot 

fail to prove very acceptable to British Naturalists in general. 
2G2 
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often resembles an Ammonite or Nautilus, being considered 
as the internal bone. On the other hand, at a later period, 
M. Dujardin denied that these animals possessed any organic 
structure, stating that they consisted simply of an animated | 
slime capable of extension, encased by an indurated external 
shell, and associating them with the pseudopodian Amoeba 
of the Infusoria. Dr. Ehrenberg now further demonstrates, 
by figures and descriptions, their true organic structure, thus 
fully establishing his former positions, both as to simple Po- 
lythalamia and Polythalamia forming Polyparies. He proves 
that they are not internal bones, but external shells encasing 
a soft body, the shell being perforated, as it were, in all parts 
by numerous pores, from which the animal projects long fila- 
ments, capable at will of extension, retraction and bifid divi- 
sion, and productive of locomotion. ‘The author further ob- 
serves: M. Dujardin has, in August 1840, presented to the 
Paris Academy a Mémoire sur une Classification des Infusotres 
en rapport avec leur organisation, in which a new arrangement 
of the Infusoria is exhibited, and in this the Polythalamia are 
again introduced as Rhizopodes in association with Amoeba and 
Actinophrys of thé Infusoria, forming a separate family. If, 
however, anatomical and physiological details are to be taken 
into account when we proceed to the systematic arrangement 
of different organic bodies, and we are not governed merely 
by the relations of external forms, M. Dujardin’s arrangement 
cannot be deemed a happy one. He has in no case shown a 
polygastric structure in the Rhizopodes, and that it is not po- 
lygastric-is proved anew by my investigations now commu- 
nicated. 

It has been shown in a former part of this paper that Dr. 
Ehrenberg had recognized six species of Infusoria in the chalk 
formation, so closely resembling living species as not to be di- 
stinguished from them, and hence he was led to give to them 
the same names; namely, Eunotia Zebra, Fragilaria rhabdo- 
soma, Fragilaria striolata ?, Gallionella aurichalca, Navicula 
ventricosa, and Synedra ulna. He had also referred, with a 
mark of interrogation, the following four species of calcareous- 
shelled Polythalamia to the white chalk, in which they are 
very extensively distributed, namely, Globigerina bulloides, 
Globigerina helicina, Rosalina globularis, and Textilaria aci- 
culata, all of which were stated by M. d’Orbigny to have oc- 
curred in the living state only in the Adriatic Sea and the 
Ocean. If any doubt had existed as to the identity of all these 
fossil and living species, it has been completely removed by 
the later researches of Dr. Ehrenberg, by which the actual 
number of known species found in the chalk formation and in 
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the living state has been extended to fifty-seven, namely, of 
calcareous-shelled Polythalamia nine species, and of siliceous- 
shelled Infusoria forty-eight species. The following is a list 
of these species and of the localities in which they occur, both 
in the living and fossil state. In the fossil localities, W. C. 
signifies white chalk, C. M. chalk marl, and C. C. compact 
chalk. 

Calcareous-shelled Polythalamia. 
Living. Fossil. 

1. Globigerina bulloides { In the Acriatic Sea ee: C. Denmark. the! Oceania ts ire sas 
2. helicina . ... Se —_ W.C. Cattolica. 
3. Rosalina globularis . —- W.C. Gravesend. 

4:°Filanulina Toe f North Sea,nearCuxhaven W. C. Cattolica. Rotalia) ocellata. . 
« W.C.in Russia, Poland, 

Prussia, | Denmark, 
: England, France and - Rotalia globulosa . .._ —————-___-—_- Sicily aie. Wan 

Greece, Zante, Sicily 
and Oran, 

F W.C. Cattolica. 
BE es dee Sore oe ~~~ 1 C. M. Caltasinetta. 

W. C. England, France, 
(Synon. Planu- ‘ Prussia, Denmark. 

lina?)tirgida Vf 2 [rr or Ll CMs | Orant 
C. C. Egypt and Arabia. 
W. C. Prussia, Den- 

an mark, England and 2 TEESE =e ce a 
- Textilaria aciculata . Adriatic and the Ocean ana 

C. C. Egypt and Arabia. 
W. C. of all European 

countries, from Wolsk 
| to Ireland. MIODULOSA Dye a) NOLEN Sea’ cc o1eee) ce, C. M. Sicily, Oran, and 

Greece. 
C. C. Egypt and Arabia. 

isn) 

6. 

ie} 

9. 

Siliceous-shelled Infusoria. 

10, Actinocyclus quina- { North Sea, Tjérn Isle in 5 
EVISH ah Se ahd marke the Cattegat SoMa C. M. Caltasinetta. 

C. M. Oran and Caltasi- 11. biternarius .. . North Sea, Tjirn . . . . neti 

b amet? North Sea, Cuxhaven, { C. M. Oran, Caltasinet- 
12. Seer tere? Christiania, Tjirn. . ‘4 ta, and Greece. 

13. septenarius .. North Sea in the Cattegat J C- M. Oran, Caltasinet- 
ta, and Zante. 

14, fiawatnae. 4. "4 Mo Qen and Caltasi- 

15. nonarius .... N.Sea,CattegatnearTjorn, C. M. Oran. 
16. denarius .... C. M. Oran. 

By, undeparius . . « { and Bay of Christiania’ } C. M. Oran and Zante. 
18, —— bisenarius.... Cattegat near Tjérn .. . C. M. Oran. 19. quindenarius , . ++. C, M. Oran. 
20. Amphitetras antedilu- 
teal “ : oH «++ C, M. Oran and Greece 
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ai. 

22. 

23. 

24. 

25. 

26. 

27. 
28. 

29. 

30. 

$1. 

32. 

33. 

34. 
35. 

36. 

37. 

38. 

Living. Fossil. 

Baltic, N. Sea, Mediter- 

Biddulphia pulchella. ranean, and Ocean near + C. M. Greece. 
Cuba tei 7s atone te 

atin eget Brackish and fresh waters. C. M. Greece. 

Coscinodiscus Argus, North Sea, Cuxhaven . site Caltasinetta and 
ran. 

————_—, Tjorn 
eccentricus .. . in Cattegat, and Mexi- } C. M. Oran. 

can Gulf, Vera Cruz. 

a eer TISIOALUR ets te te North Sea, Cuxhaven .. C. M. Caltasinetta. 

ee: C.M. Caltasinetta, Oran, 

pe eet ae and Zante. 
Oculus Iridis.. - - ————__——_———_....._ C. M. Greece, 

Patinay . ue « 

radiatus.... -{ 

C. M. Zante. 
,and | C. M. Oran, Caltasinetta, 

Baltic, Wismar.... . and Zante. 
i , BAG C. M. Caltasinetta, Oran, 

Dictyocha sulcata . . North Sea near Tjérn . . Zante, and Greece. 

Fibula ie Sea, Christiania and] C. M. Oran and Caltasi- 
B adnee | ate Tjorn, & Baltic, Wismar netta. 

Pentasterias .. N.Sea, Christianiahaven. C. M. Zante. 
N. Sea, Cuxhaven, Chris- £ 

—— Speculum ... tiania and _Tjérn, Bal- ee 

tic;-near Kielocsor se. 

Eunotia granulata.. Brackish and fresh waters. C. M. Greece. 
Zebra... ... Berlin fresh waters. ... C. M. Greece. 

Fragilariarhabdosoma aie Halle, Copen- \ W. C. Gravesend. 
agen, Sweden .... 

SHIGA 2 Sree Mies ses BR a ifen isl oie Meets W. C. Gravesend. 
Berlin fresh waters, Leip- 

zig, Thuringia, Fran- 
Gallionellaaurichalcad  conia, Wiirzburg, Stutt- }W. C. Rugen. 

gart, and on rocks near 
the Faroe Isles : 

C.M. Caltasinetta, Oran, 
39. sulcata ..... North Sea, Cuxhaven . Zante, and Greece. 

40. Seen hora afri- N. Sea, Heligoland, Tjorn C.- M. Oran. 

41 angulosa .... North Sea, Tjirn .... C.M. Oran. 
Callao in Peru, Vera Cruz 

in Mexico, Tjorn in 
42 oceanica .... Cattegat, Wismar in »C. M. Oran. 

Baltic, and the Mediter- 
TANEANS wes = 6.0 fo 

Among marine Conferve 
43. undulata .... viele When Shenae C. M. Greece. 

44, Haliomma radians .. North Sea, Cuxhaven .. C.M. Greece. 

45. Navicula Didymus. . Benya So } C. M. Caltasinetta. 

46 Entomon ....  N.Sea, Christianiahaven. C. M. Greece. 
47 norwegica ... —————————————_ C.. M. Greece. 

48, > AOsREReents, 4 and ‘Tjirn Isle. . . . be. sap a one > 
: Paris, Berlin, Saxony, Bo- 

49, ventricosa. ... hemia, Buchtarma in + C, M. Oran. 
Altai, and Irtysch. 

50. 

Berlin fresh waters, Weis- 
viridula . senfels in Saxony, and +C. M. Greece. 

Wismarin Mecklenburg. 
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Living. Fossil. 

Flints of the W. C. near 
51. eee goon Balti’ heat Kiel’. Fhe ee hie 

Germany near Delitzsch. 

52. Striatella arcuata. . . Gulfof Flensburg, Break- } C. M. Oran. 
ers near Gothenburg. 

Baltic near Wismar, Ber- 
lin fresh waters, North 
of Germany, Denmark, 

53. Synedra ulna. .... Scotland, Holland, the p> C. M. Oran. 
Ural, and perhaps Isle 
of France, and Masca- 
FENG ESICS o's 22 122) 

54. Tessella Catena .. - eee Ceen aes oe \ C. M. Caltasinetta. 

55. Triceratium Favus. . North Sea, Cuxhaven .. C.M. Greece. 
' Flints of W. C. Graves- 

56. Xanthidiumfureatum Berlin .......... end, and Flints of 
Delitzsch. 

Flints of W. C. Graves- 
57 hirsutum .... Peat waters near Berlin. end, and Flints of 

Delitzsch, 

Of these fifty-seven species, thirty belong to the geolo- 
gically acknowledged chalk and its Sicilian marls. The re- 
mainder from Oran, Greece (probably Egina), and Zante, 
though perhaps from beds not equally well defined by relative 
position as chalk marls, yet occurring, as they do, with nume- 
rous decided calcareous and siliceous animals of the chalk,— 
the geological relations of these species may also be considered 
as firmly established. 

These new discoveries naturally lead to the conclusion that 
we have now no very definite boundary between secondary 
and tertiary tracts, and that the first dawn or eocene period 
of the present living organic creation, must be sought for 
deeper than the chalk formation; a view that appears to be 
confirmed by the occurrence of a living Trochus below the 
chalk, of the Paludina vivipara and Cyclas cornea in the 
Weald Clay, and of the Terebratula caput serpentis in the 
Upper Oolite. But as this and other interesting conclusions 
and views entertained by the author will be shortly laid open 
to the reader, with a full detail of the progressive researches 
made, I shall not now enter further upon the important mat- 
ter contained in the volume. 
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APPENDIX. 

Closely connected with the preceding subjects is the valu- 
able Memoir of M. Alcide d’Orbigny, which has recently ap- 
peared, entitled, “‘ On the Foraminifers of the White Chalk of 
the Paris Basin*.” The subjoined extracts may serve to con- 
vey a view of the general scope of the work, which, placed in 
parallel with that of Dr. Ehrenberg, cannot but excite a dou- 
ble interest in the mind of the reader. 

Previously to entering upon the direct object of the Memoir, 
M. d’Orbigny indulges in a few general reflections. 

Let us, says the author, cast a rapid glance upon what has 
existed and upon what still exists in nature, in reference to 
the Foraminifers. We have found them distributed through 
the oolite series, extending from the lias to the uppermost 
beds; but in the cretaceous system they appear still more 
numerously and more varied in their forms. The Neocomian 
beds, those of the gault and the green sand, contain many ; 
but in proportion as we ascend from the lower to the higher 
strata, they increase infinitely. In these latter the rock may 
be said to be often composed of them, and, as an example, 
we may mention the largest of the Pyramids of Egypt. In 
the white chalk the number is nearly as great as in those seas 
in which they now most abound. In a word, we have found 
Foraminifers in the cretaceous basins of the Seine, the Loire, 
the Gironde, and of the whole South of France, and in 
Belgium. 

If we pass to the tertiary tracts, a whole world is opened 
to us. The multiplied Foraminifers which appear in the 
basins of Paris, Bourdeaux, Touraine, Italy, Austria, Ger- 
many, England, and Belgium, often form there the greater 
part of the mass. A bed of considerable thickness in the 
environs of Gentilly, near Paris, is entirely composed of them, 
the Foraminifers being in contact with each other, scarcely 
united by a slight cement. In a cubical inch of the rock we 
have found jifty-eight thousand, which is equal to three thou- 
sand millions in a metre, and shows what myriads may exist 
in the Paris basin. These small bodies, which we thus see 
forming entire beds in the lowest portions of the tertiary series, 
are not less common in the higher stages; for in Austria, and 

* Mémoire sur les Foraminifeéres de la Craie Blanche du Basin de Paris, 
in the 4th vol. part 1 of the Transactions of the Geological Society of 
France, 1840. 
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in the environs of Sienna in Italy, they often constitute one- 
sixth of the fossil mass; they are also extensively distributed 
in the Crag of England* and of Belgium. So much in refer- 
ence to what has existed; let us now throw a glance upon 
that which exists. 
We are in the present day acquainted with Foraminifers 

from every region of the sea, and we know that they exist in 
extent from the equator to the frozen portions of continents. 
If we judge of the important part they play by their numbers 
in certain quarters, it will be impossible to doubt that their 
remains form the greater part of the banks of sand which im- 
pede navigation, obstruct gulfs and straits, fill up ports, and 
form with corals those isles which are daily rising in warm 
regions from the bosom of the ocean. 

Thus these minute shells, which, anterior to our epoch, 
have assisted in leveling basins of immense extent, and in 
forming mountains, are now still constantly changing the 
depth of coasts and modifying the bottom. This view of their 
agency in nature is doubtless sufficient to prove the import- 
ance which attaches to their study. 
We will add, that the comparative study of the fossil Fora- 

minifers of all beds has proved to us a fact important to 
geology, namely, that each bed has its characteristic species, 
which serve to distinguish it, let the circumstances be what 
they may; and as these minute shells are infinitely more com 
mon than those of Mollusks, the knowledge to be derived 
from them is so much the more certain, and becomes extremely 
interesting. 

Another fact no less curious has been demonstrated to us 
by the study of living species from every region of the globet. 
Many genera are peculiar to the hottest zones of continents, 
while others, on the contrary, are found only in temperate 
or cold regions. Hence the geographical distribution of 
living genera and species offers to us a means of comparison 
of the highest importance with a view to the determination of 
the temperature of the waters in which fossil species lived, 

* Mr. Lyell has communicated to us the species which he discovered 
in the Crag. 
+ We are acquainted at present with nearly fifteen hundred living and 

fossil species of Foraminifers; and how many important facts may be de- 
rived from the study of these small bodies may be seen in three works 
which we are now publishing: 1. the Fauna of the Antilles, printed in 
P Histoire politique, physique, et naturelle de P Ile de Cuba, by M. dela Sagra ; 
2. that of the Canaries, published in /’ Histoire Naturelle of those islands, 
by MM. Webb and Eerthelot ; 3. the Fauna of the southern extremity of 
America, forming a part of our Voyage dans ? Amérique Méridionale. 
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and may lead to very satisfactory results in geology, if we 
may judge by the fruits of our observations in this respect. 
We could have desired to establish some general facts of 

much greater extent, founded on new observations recently 
made by us on the class of the Foraminifers; but the pre- 
sent occasion not admitting such an extension, let us pass to 
the Foraminifers of the white chalk of the Paris basin. 

The geological position of the white chalk of Paris is so 
well known that we have not thought it necessary to speak of 
it; yet, if we seek to determine its position relatively to the 
other cretaceous beds by means of the Foraminifers it con- 
tains, compared with living species, the facies of the genera 
and species proves to us, that the chalk of Maestricht, of Fau- 
quemont (Belgium), of Tours, of Chavagne, and of Vendome, 
is above it; while, on the contrary, all the other beds are 
below it; thus in the chalk of Maestricht and the upper beds 
of the basins of the Loire, we recognize only genera still ex- 
isting, or at least occurring in tertiary tracts, while the white 
chalk of the Paris basin already exhibits to us different genera, 
such as Flabellina, Verneuilina, and Gaudryina, and a great 
number of species quite distinct. 

It would therefore be easy to establish, by means of the 
Foraminifers alone, the relative antiquity of the cretaceous 
beds; but we must previously make two geographical sections 
quite independent of each other, founded on the zoological 
forms; the first comprising the entire basin of the Seine, of 
the Loire, of Belgium, and of England, in which we find a 
striking analogy between the species found in all the beds, 
from the lowest to the highest, with a regular passage from 
one to the other; the second, comprising the West and South 
of France, in which the species of Foraminifers have not 
only no analogy with those of the other section, but in which, 
moreover, almost all the genera are different. If we seek an 
example of this fact, we shall find it on comparing the green 
sand of the environs of Maus with that of the mouth of the 
Charente. ‘The first, which in fact contains species approxi- 
mating to those of the white chalk of Paris, contains already 
several species analogous to those which have lived up to that 
bed; while the second, with perfectly distinct species, pre- 
sents to us genera different from all that we know in the cre~ 
taceous beds of the North of France and of Belgium. 

The Foraminifers are sufficient to establish the following 
descending order of superposition in the cretaceous beds :— 
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Group of the North of France and of Group of the West and South of 
Belgium. France. 

Upper chalk of Maestricht and Fau- 
quemont (Belgium). 

Coral chalk of Valognes and Nehou. 
Coral chalk of the basin of the Loire, 

at Vendome (Loir and Cher), at 
Chavagne (Maine and Loire), at 
Tours (Indre and Loire). 

White chalk of Ciply (Belgium). 
White chalk of Paris, of the depart- 

ments of Yonne and Aube, and of 
England. 

Nummulite chalk of Royan (Charente 
Inférieure), of Saint Martory (Haute 
Garonne), of Saint Gaudens, &c. 

Coral chalk of Saintes (Charente Inféri- 
eure). 

Chalk marl of the Loire, with Gryphea Ammonite chalk of Martrous, near 
columba. Rochefort (with Gryphaa columba). 

Caprine chalk of the Isle of Aix, of the 
Corbiéres (Aude). 

Green sand of Mans (Sarthe). Green sand of Fouras, of the Isle of 
Aix, and Corbiéres. 

Gault of the environs of Troyes (Aube). 
Neocomian tract of Aube. 

To establish zoologically what we have advanced, let us 
pass in review the succession of the genera, and endeavour to 
convey an idea of the modifications which have taken place in 
the Foraminifers of the cretaceous system, in the ascending 
order of the beds. 

At the epoch of the Neocomian formation we have hitherto 
found only the genus Tewxtularia. 

The green sand presents, as we have said, two series of 
genera nearly distinct. That of the mouth of the Charente 
contains the genera Dentalina, Cristellaria, Lituola, Alveolina, 
Chrysalidina, and Cuneolina; that of Mans, the genera Den- 
talina, Citharina, Frondicularia, Flabellina, Cristellaria, Bu- 
limina, and Guttulina. Hence we see, that, with the excep- 
tion of two genera common to both localities, all the rest are 
different in each of them. 

If we follow our examination of the succession of genera in 
the cretaceous groups of the South and the North, we shall 
find— 

1. That in the South the same genera of the green sand 
are reproduced in the Caprine chalk. By degrees they pre- 
vail at length in the upper beds, and are reduced to the Cris- 
tellaria alone in the environs of Saintes; but near the mouth 
of the Gironde (at Royan) they are accompanied by the 
age Nummulina and Guttulina, as well as on the whole 
ine of the foot of the Pyrenees, at Saint Martory, at Saint 
Gaudens, extending into the department of Aude; thus pre- 
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senting a zone well characterized by the abundance of Num- 
mulina, of which we have not found the analogue in the creta- 
ceous beds of the North of France. 

2. That in the North the succession is far from taking place 
in the same manner; and that the Foraminifers, in much 
greater numbers, present a larger suite in superposition, with 
facts not less curious. ‘The genus Citharina, which consti- 
tutes the greatest portion of the species in the oolite forma- 
tion, ceases with the green sand of Mans, being found no 
further in the cretaceous beds. In the chalk mar! of the banks 
of the Loire we meet for the first time with the genus Litwola 
with the Dentalina; but all at once, in the white chalk, we 
observe a great number of species, among which, with all the 
genera and even some analogous species of the green sand of 
Mans, there appear for the first time on the globe the genera 
Nodosaria, Marginulina, Valoulina, Rotalina, Rosalina, Trun- 
catulina, Uvigerina, Verneuilina, Gaudryina, Globigerina, Py- 
rulina, Sagrina, Flabellina, and Frondicularia. 'These genera 
contain a considerable number of species; but with the white 
chalk the genus Flabellina ceases, which had continued hitherto 
from the green sand, and the genera Verneuilina and Gau- 
dryina, which first appear in the white chalk, also terminate 
with it; while in its interior the Frondicularia abound, as well 
as species whose cells form a pile on a single line. 

The white chalk of Ciply, although contemporaneous with 
that of the Paris basin, since it also contains Flabellina, does 
not present the same species, and may perhaps be a little 
higher in the series, but we have not as yet sufficient data to 
enable us to affirm this fact. 

In the beds which we consider higher in the series than 
the white chalk of Paris, namely, in the coral chalk of Tours, 
of Chavagne, and of Vendome, we meet for the first time 
with the genera Polystomella, Polymorphina and Globulina, 
yet accompanied with the same genera as those of the white 
chalk, with the exception of those whose discontinuance we 
have noticed; again, in the upper chalk of Maestricht and 
Fauquemont we have, with the three genera just mentioned, 
also the genera Nonionina, Fatyasina, and Heterostegina. 
All are found living at present, or at least occurring in ter- 
tiary tracts; but we arrive at the last beds of the cretaceous 
group without having seen a single species of the Miliola of 
Lamarck (our order of Agathistégues), which, as we ascer- 
tained in 1825, only commences with the tertiary beds, and 
may be considered as the most certain sign of a change of 
formation. 

This rapid survey shows that in ascending from the lower 
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to the higher beds of the cretaceous group, the genera and 
species of Foraminifers progressively increase, and that the 
forms, at first very simple, analogous to those of oolitic tracts, 
afterwards more complicated and specially appropriate to the 
lower beds of the cretaceous system, have at last been replaced 
in the upper parts by forms still more varied, the whole re- 
curring in tertiary tracts, and even in the living state; facts 
which it has appeared to us important to establish in the hi- 
story of Palzontology. 

M. A. d’Orbigny then proceeds to describe the species of 
Foraminifers found by him in the white chalk of the Paris 
basin. The following is a list of them, together with their 
localities :— 

Localities. 

1. Nodosaria limbata .,.......... Meudon; very rare. 
Common at Sens: more rare at Meudon and in 

2, -Dentalina aculeata ......... Fiapslnee 

Meudon: rare. Its analogue is found fossil in 
communis ...... the Subapennine tracts of Italy and Austria, 

and living in the Adriatic. 
4, ———— gracilis ............At Sens and in England. 

Common at Sens, more rare at Meudon and 
St. Germain. 

6. ———— Lorneiana .........Only in the environs of Sens. 
Very common at Sens, Meudon, and St. Ger- 

main, and in the chalk of England. Found 

5. ————. nodosa .eecesees 

Y: ee also in the green sand of the environs of 
Mans (Sarthe). 

8 multicostata. ...4 Sens» St- Germain: rare. Also at Maestricht 
? rarely. 

Common at Sens, very rare at Meudon, St. 
9. Marginulina tla} Germain, and in England: found only in 

the young state. 
Meudon: very rare. Occurs also in the green 

sand in the environs of Mans. 
Common near Sens, very rare at Meudon and 

10, ————— COMPpressa «esse 

11. ———— elongata ......++. St. Germain. Occurs also in the chalk of 
Ciply. 

12, ————— gradata .sscccsesees Only near Sens. 
13, ———— raricosta ...........- Meudon : very rare. 

14. Frondicularia radiata .. ..... Meudon and St. Germain: very rare. 
15. elegans  .eseeeeeeees Meudon and Sens: very rare. 

ee Common at Sens, on the banks of the Yonne; 
- Verneyilipas .. rare at St. Germain and Meudon, 
17. ———— Archiaciana ...... Meudon and Sens; rare, 
18, ————— ornata............... Found only once at Meudon. 
19, —— tricarinata ....... .. Environs of Sens: seems to be rare. 
20. ———— angulosa ....+..0000. Meudon: very rare. 
21. Flabellina rugosa ....... .....Sens and Meudon : common. 
22, ———— Baudouiniana.....Only at Sens. 
23, —— pulehira: scienoess-ses Meudon: very rare. 

Very common in the white chalk of Meudon, 
24, Cristellaria lito St. Germain, Sens, and in England. Occurs 

also in the green sand near Mans. 

25. ———_ navicula ......0. ...Sens and Meudon: rare. 

26. ———— triangularis.........Sens: very rare, ‘ 

eCta sssseeveveeeeeeMeudon and St, Germain; rather rare. 
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Localities. 

28. Cristellaria Gaudryana ......Only at St Germain: rare. 
Very common at Sens in the complete state, at 

St. Germain only young, and adult very 
29, Lituola nautiloidea.....,... rarely at Meudon. Occurs also in the chalk 

of England. 
ahs itin Miie Nelle ites aes ais Nad age at Meudon, St. Germain, and in 

31. Micheliniana ... Gezvaee at St. Germain, Meudon, and in 
ngland ; rare at Sens. 

Common at Meudon and St. Germain ; rare at 
Sens and in England ; common also in the 

t tertiary tracts of Austria. Its analogue is 
(3 p82 ea 5 at et «2 oe * es 

32. umbilicata ...... found living at Rimini in the Adriatic, there 
being no difference between the fossil and 
living species. 

oe Pe ail a: i Somer Meudon, and England: rather 

ie St. Germain, England, and upper chalk of 
34, ————— Cordieriana ... Maestricht. 

35. Globigerina cretacea ......++ St. Germain and England, 
36. ClO Vat wees atnanasses Common near Sens; rare in England. 
$7, Truncatulina Beaumontiana. Meudon and England: rare. 

Common at St, Germain and Meudon; rare at 
88. Rosalina Lorneiana ...... Sens and in England. 

39. Clementiana ...... Rare at St. Germain, more common in England. 
40. Valvulina gibbosa ............ St. Germain: rare, 
41. Verneuilina tricarinata ...... St. Germain and Sens: rather rare. 

Eton cmd ect of VSR a Mendis ray at ts gain 
bli Very common at Meudon, St. Germain, Sens, 

43, obliqua ... ane and in England. 

‘abili Very common at Sens; rare at Meudon, St. 
44. variabilis....... . Germain, and in England, 

: Very common at Meudon, St. Germain, and 
45. ———— brevis «se... a Gayiwe 

46. ————— Murchisoniana ...St. Germain and England: rare. 
47. Uvigerina tricarinata ......... Sens: very rare. 

Very rare at Sens and St, Germain ; very com- 
mon at Meudon. 

Meudon, St. Germain, and Sens: rather com- 
mon. 

Rather common at Meudon, Sens, St. Germain, 
and in England. 

51, Textularia trochus ......... ...Only at Meudon. 
Sens, Meudon, St. Germain, and England, 

48. Pyrulina acuminata ...... 

49. Gaudryina rugosa ......... 

50, ————— pupoides......... 

52. ————— tu] TIS oo. eesseee as without being common. 

53. ————— Baudouiniana.....St. Germain and Meudon: rare. 
54, Sagrina rugosa ......... «. ...5t. Germain and Meudon. 

From the preceding list it appears, that of the fifty-four 
species found in the white chalk of the Paris basin, thirty- 
eight occur at Meudon, thirty-three at Saint Germain, and 
twenty-eight at Sens: of these numbers, nine are peculiar to 
Meudon, two to Saint Germain, and sza to Sens, while all 

the others are simultaneously common to two or three locali- 
ties, thus proving the perfect identity of the beds. It will be 
seen also, that of these fifty-four species, twenty-two are com- 
mon to the white chalk of England also. 
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Of the fifty-four species, seven occur also in lower or higher 
beds: thus in the green sand of Mans are found three spe- 
cies, Dentalina sulcata, Marginulina compressa, and Cristel- 
laria rotulata; in the coral chalk of Tours, which is higher 
in position than the white chalk, two species, Bulimina obtusa 
and Textularia turris; and in the chalk of Maestricht, being 
the highest in position, two species, Dentalina multicostata 
and Rotalina Cordieriana. We also find two species, the 
analogues of which occur both fossil in the tertiary tracts of 
Austria and Italy, and in the living state in the Adriatic, 
namely, Dentalina communis and Rotalina umbilicata. With 
these exceptions there still remain forty-seven species peculiar 
to the white chalk, showing clearly that it forms a bed distinct 
from all the rest of the cretaceous system, belonging to a small 
local fauna well-defined. 

On comparing the above genera given by M. d’Orbigny 
with those named by Dr. Ehrenberg in his tabular view of 
the Bryozoa, inserted in the early part of this paper, it will 
be seen that Nodosaria, Dentalina, Marginulina, Frondicu- 
laria are included in the family of the Nodosarina of the latter 
author; Cristellaria, Rotalina, Truncatulina, included in his 
family of the Rotalina; Globigerina, Rosalina, Valvulina, 
Bulimina, Uvigerina, Pyrulina, in his family of the Uvellina; 
and Textularia in his family of the Textularina. The Lituola 
nautiloidea of Lamarck and d’Orbigny is the Coscinospira 
nautiloides of Ehrenberg, included in the Fabularina family 
of the latter. 

If we now, observes M. d’Orbigny, compare the fauna of the 
Foraminifers of the white chalk with those of different seas, 
with a view of determining the analogy of composition, and of 
obtaining data respecting the temperature of that basin at the 
time when these species lived, we shall find this analogy more 
striking in the Adriatic Sea than anywhere else. There only, 
the same as in the chalk, are found in abundance Nodosaria, 
Dentalina, Marginulina, Frondicularia; there only occur a 
considerable number of species of Bulimina. This sea alone 
in the present day contains living Frondicularia; of Fron- 
dicularia so varied in the white chalk; and, to complete 
the approximation, it exhibits to us the only two living spe- 
cies, the analogues of which are found in the fossil state in the 
white chalk, namely, Dentalina communis and Rotalina um- 
bilicata. ‘This analogy of zoological forms would lead us to 
believe, Ist, that the basin in which is deposited the white 
chalk of Paris was subject to a warm temperature; 2nd, that 
it was circumscribed, protected from waves and from every 
violent current proceeding from a distance, since the bodies 
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are deposited there without having experienced the slightest 
wearing previous to their becoming fossil; 3rd and lastly, 

that it extended to the whole of the white chalk of England. 

Concluding Remarks. 

The preceding extracts from the labours of Dr. Ehrenberg 
and M. A. d’Orbigny show that microscopic Polythalamia 
are found in all calcareous formations from the lias upward; 
but in England they have been lately discovered in still deeper 
strata. Mr. Tennant was, I understand, the first to announce 
their discovery in 1839 in the mountain limestone of England. 
In 1840 they were also met with in the Kendal limestone, 
from which Mr. Lonsdale has prepared thin slices mounted 
on glass, which appear transparent under a strong light, ex- 
hibiting the crowded state of the microscopic Polythalamia in 
great perfection. Mr. Bowerbank also has been led to turn 
his attention to this subject by examining the siliceous bodies 
of the chalk, green sand, and oolites*. 

I had written thus far, when an interesting article by the 
Rev. Dr. Buckland, in reference to the researches of Dr. Ehren- 
berg up to 1839, met my eye, entitled, “On the agency of 
Animalcules in the formation of Limestonet,” which notices 
in particular the researches of MM. Tennant and Darker on 
this subject in the Derbyshire limestone and the Stonesfield 
slate, as well as the labours of Mr. Bowerbank, referred to 
above, and conveying judicious reflections. Dr. Buckland 
justly remarks, that in the application of the microscope 
from the living to the fossil Infusoria and Foraminifers we are 
commencing a new and important era in Palzontology. A 
very interesting branch of the inquiry will be to ascertain 
whether these microscopic bodies retain throughout a distinct- 
ive character in the several formations into whose composition 
they enter. In the unbounded field of nature presented to 
the consideration of the Microscopical Society of London 
lately established, no subject appears more worthy of their 
attention than an examination of the microscopic organic con- 
stituents of all the older limestone formations of the British 
Isles, as well as of other countries; and it is much to be de- 
sired that this attention may not be wanting, although the 
concurrence of many labourers may be required to reap a 
harvest of great promise, vet of indefinite extent. 

* Proceedings of the Geological Society, March 11, 1840. 
+ Edinburgh New Philosophical Journal, January to April, 1841, 
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LXXIV. Second Letter to Prof. Faraday, from Roser 
Hane, M.D., Professor of Chemistry in the University of 
Pennsylvania*. 

My pear Sir, 

39+. jN the month of July last I had the pleasure to read, in 
the American Journal of Science, your letter in reply 

to one which I had addressed to you through the same chan- 
nel. I should sooner have noticed this letter, but that mean- 
while I have had to republish two of my text books, and, 
besides, could not command, until lately, a complete copy 
of all those numbers of your researches to which you have 
referred. 

40. The tenor of the language with which your letter com- 
mences, realizes the hope which I cherished, that my stric- 
tures would call forth an amicable reply. Under these cir- 
cumstances, it would grieve me that you should consider any 
part of my language as charging you with inconsistency or 
self-contradiction, as if it could be my object to put you in 
the wrong, further than might be necessary to establish my 
conception of the truth. Certainly it has been my wish never 
to go beyond the sentiment “amicus Plato, sed magis amica 
veritas.” I attach high importance to the facts established by 
your “ Researches,” which can only be appreciated sufficiently 
by those who have experienced the labour, corporeal and 
mental, which experimental investigations require. I am, 
moreover, grateful for the disposition to do me justice, mani- 
fested in those researches; yet it may not always be possible 
for me to display the deference, which I nevertheless entertain. 
I am aware that when, in a discussion, which due attention to 
brevity must render unceremonious, diversities of opinion are 
exhibited, much magnanimity is requisite in the party whose 
opinions are assailed; but I trust that both of us have truth 
in view above all other objects, and that so much of your new 
doctrine as tends to promote that end, will not be invalidated 
by a criticism, which, though free, is intended to be perfectly 
fair. 

41. In paragraph 11 your language is as follows :—* My 
theory of induction makes no assertion as to the nature of elec- 

* Communicated by the Author. 
t As originally printed for the American Journal of Science, the para- 

graphs of my first letter to Prof. Faraday were not numbered; but as 
numbers were attached to the paragraphs in the republication of it in the 
London and Edinburgh Philosophical Magazine and Journal [vol. xvii. 
p. 44], I have directed them to be attached to this, my second letter, in 
due succession. 

Phil, Mag. 8,3. Vol. 18. No. 119. June 1844, 2H 
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tricity, nor at all questions any of the theories respecting that 
subject.” 

42. Owing to this avowed omission to state your opinions 
as to the nature of electricity, as preliminary to the statement 
of your “ theory,” and because I was unable to reconcile that 
theory with those previously accredited, I received the impres- 
sion that you claimed no aid from any imponderable principle. 
It appeared to me that there was no room for the agency of 
any such principle, if induction were an action of contiguous 
ponderable particles consisting of a species of polarity. It 
seemed to follow that what we call electricity, could be no- 
thing more than a polarity in the ponderable particles, directly 
caused by those mechanical, or chemical frictions, movements 
or reactions, by which ponderable bodies are electrified. You 
have correctly inferred that I had not seen the fourteenth 
series of your researches, containing certain paragraphs (38). 
From them it appears that the polarity, on which so much 
stress has been laid, is analogous to that which has long been 
known to arise in a ponderable body, about which the electric 
equilibrium has been subverted by the inductive influence of 
the electricity accumulated upon another such body, This is 
clearly explained in paragraph 4 of your letter, by the illus- 
tration, agreeably to which three bodies, A, B, C, are situ- 
ated in a line, in the order in which they are named, in prox- 
imity, but not in contact. “A is electrified positively, and 
then C is uninsulated.” _ It is evident that you are correct in 
representing that, under these circumstances, the extremities of 
B will be oppositely excited, so as to have a reaction with any 
similarly excited body, analogous to that which takes place 
between magnets; since the similarly excited extremities of 
two such bodies would repel each other, while those dissimi- 
larly excited would be reciprocally attractive. Hence, no 
doubt, the word polarity is conceived by you to convey an 
idea of the state of the body B. If I may be allowed to pro- 
pose an epithet to convey the idea which I have of the state 
of a body thus electrified, I would designate it as an electro- 
polar state, or as a state of electro-polarity. 

43. It does not appear to me, that in the suggestion of the 
electro-polarity, which we both conceive to be induced upon 
the body B (4), so long as it concerns a mass of ponderable 
matter, there is any novelty. The only part of your doctrine 
which is new, is that which suggests an analogous state to be 
caused in the particles of the bodies through which the induct- 
ive power is propagated. Admitting each of the particles of 
a dielectric, through which the process-of ordinary induction 
takes: place, to be put into the state of the body B, it does not 
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appear to me to justify your definition of electrical induction. 
I think that, consistently with your own exemplification of 
that process, you should have alleged ordinary induction to 
be productive of an affection of particles, causing in them a 
species of polarity. In the case of the bodies A, B, C (4), 
B is evidently passive. How then can we consider as active, 
particles represented to be in an analogous state? Ifin B 
there is no action, how can there be any action in particles 
performing a perfectly similar part? Moreover, how can the 
inductive power of an electrical accumulation upon A consist 
of the polarity which it induces in B? 

44, Having supposed (8) an electrified ball, A, an inch in 
diameter, to be situated within a thin metallic sphere, C, of a 
foot in diameter, you suggest, that where one thousand con- 
centric metallic spheres interpose between A and the inner 
surface of C, the electro-polar state of each particle in those 
spheres would be analogous to that of B, already mentioned. 
Of course, if there be any action of those particles, there must 
be an action of B; but this appears to me not only irrecon- 
cilable with any previously existing theory, but also with your 
own exposition of the process by which B is polarized. 

45. Supposing concentric metallic hemispheres to be inter- 
posed only upon one side of A, you aver that, agreeably to 
your experience, more of the inductive influence would be 
extended towards that side of the containing shell than before 
(14). Admitting this, I cannot concede that the greater in- 
fluence of the induction, resulting from the presence of the 
metallic particles, is the consequence of any action of theirs, 
whether in contiguity or in proximity. Agreeably to my view, 
the action is confined to the electrical accumulation in the 
sphere A. Between the electricity accumulated in this sphere, 
and that existing in or about the intervening ponderable parti- 
cles, there may be a reaction; but evidently these particles are 
as inactive as are the steps of a ladder in the scaling of a wall. 

46. Suppose a powerful magnet to be so curved as to have 
the terminating polar surfaces parallel, and to leave between 
them an interval of some inches. Place between these sur- 
faces a number of short pieces of soft iron wire. These would, 
of course, be magnetized, and would arrange themselves in 
rows, the north and south poles becoming contiguous. Would 
this be a sufficient reason for saying that the inductive influ- 
ence of the magnetic poles was an action of the contiguous 
wires? Would not the phenomena be the consequence of 
an affection of the contiguous pieces of wire, not of their action? 

47. As respects the word charge, I am not aware that I 
have been in the habit of attaching any erroneous meaning to 

2H2 



468 Dr. Hare’s Second Letter to Prof. Faraday. 

it, as your efforts to define it in paragraph 3 would imply. I 
have been accustomed to restrict the use of it to the tase which 
you distinguish as an inductive charge, illustrated by that of 
the Leyden jar. To designate the states of the conductors of 
a machine, I have almost always employed the words eacited 
or excitement. In my text book these words are used to 
designate the state of glass or resin electrified by friction, while 
that of coated surfaces, whether panes or jars, inductively 
electrified, has been designated by the words charge or charged. 

48. I understood the word contiguous to imply contact, or 
contiguity, whereas it seems that it was intended by you to 
convey the idea of proximity. In the last-mentioned sense it 
is not inconsistent with the idea of an action, at the distance 
of half an inch: but by admitting the word contiguous to be 
ill chosen, you have with great candour furnished me with an 
apology for having mistaken your meaning. 

49. Any inductive action which does not exist at sensible 
distances (20) you attribute to ordinary induction, considering 
the case of induction through a vacuum as an extraordinary 
case of induction. ‘To me it appears that the induction must 
be the same in both cases, and that the czrcumstances under 
which it acts are those which may be considered in the one 
case as ordinary, in the other extraordinary. Thus take the 
case cited in your reply (8, 9, 10). Does the interposition of 
the spheres alter the character of the inductive power in the 
sphere A? 

50. Either the force exercised by the charge in A is like 
that of gravitation, altogether independent of the influence of 
intervening bodies, or, like that of light, is dependent on the 
agency of an intervening matter. Agreeably to one doctrine, 
the matter, by means of which luminous bodies act, operates 
by its transmission from the luminous surface to that illumined ; 
agreeably to another doctrine, the illuminating matter operates 
by its undulations. If the inductive power of electrified bodies 
be not analogous to gravitation, it must be analogous to the 
power by which light is produced, so far as to be dependent 
on intervening matter. But were it to resemble gravitation, 
like that force it would be uninfluenced by intervening matter. 
If your experiments prove that electrical induction is liable to 
be modified by intervening matter, it is demonstrated that in 
its mode of operating it is analogous to light, not to gravita- 
tion, It is then proved that, agreeably to your doctrine, 
electrical induction requires the intervention of matter; but 
you admit that it acts across a vacuum, and, of course, acts 
without the presence of ponderable matter. Yet it requires 
intervening matter of some kind, and since that matter is not 
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ponderable, it must of necessity be imponderable. When 
light is communicated from a luminous body in the centre of 
an exhausted sphere, agreeably to the undulatory hypothesis, 
its efficacy is dependent on the waves excited in an interve- 
ning imponderable medium. Agreeably to your electro-polar 
hypothesis, the inductive efficacy of an electrified body in an 
exhausted sphere would be due to a derangement of electric 
equilibrium, by which an opposite electric state would be pro- 
duced at the surface of the containing sphere from that at the 
centre (26, 27). ‘This case you consider as one of extraordi- 
nary induction; but when air is admitted into the hollow 
sphere, or when concentric spheres are interposed, you hold 
it to be a case of ordinary induction. Let us then, in the 
case of the luminous body, imagine that concentric spheres of 
glass are interposed, of which the surfaces are roughened by 
grinding. In consequence of the roughness thus produced, 
the rays, instead of proceeding in radii from the central ball, 
would be so refracted as to cross each other. Of the two 
instances of illumination, thus imagined, would the one be 
described as ordinary, the other as extraordinary radiation? 
But if these epithets are not to be applied to radiation, where- 
fore, under analogous circumstances, are they applicable to 
induction? Wherefore is induction, when acting through a 
plenum, to be called ordinary, and yet, when acting through 
a vacuum, to be called extraordinary? In the well-known 
case of the refracting power of Iceland spar, light undergoes 
an ordinary and extraordinary refraction; not an ordinary 
and extraordinary radiation. The candle, of which, when 
viewed through the spar, two images are seen, does not radi- 
ate ordinarily and extraordinarily. 

51. If there be occasionally, as you allege (21), large inter- 
vals between the particles of radiant heat, how can the distances 
between them resemble those existing between particles acting 
at distances, which are not sensible? The repulsive reaction 
between the particles of radiant caloric, as described by you 
(21), resembles that which I have supposed to exist between 
those of electricity; but I cannot conceive of any description 
less suitable for either, than that of particles which do not act 
at sensible distances. 

52. Aware that the materiality of heat, and the Newtonian 
theory, which ascribes radiation to the projection of heat or 
light-producing particles, have been questioned, I should not 
have appealed to a doctrine which assumes both the materi- 
ality of heat and the truth of the Newtonian theory, had not 
you led the way; but, agreeably to the doctrine and theory 
alluded to, I cannot accord with you in perceiving any 
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similitude between the processes of conduction and radia- 
tion (21). © 

53. Consistently with the hypothesis that electricity is ma- 
terial, you have shown that an enormous quantity of it must 
exist in metals. ‘To me it seems equally evident that, agree- 
ably to the idea that heat is material, there must exist in metals 
a proportionably great quantity of caloric. ‘The intense heat 
produced when wires are deflagrated by an electrical discharge, 
cannot otherwise be consistently accounted for. Agreeably 
to the same idea, every metallic particle in any metallic mass 
must be surrounded by an atmosphere of caloric; since the 
changes of dimensions, consequent to variations of temperature, 
can only be explained by corresponding variations in the 
quantity of caloric imbibed, and in the consequent density of 
the calorific atmospheres existing in the mass which under- 
goes these changes*. 

54. Such being the constitution of expansible bodies agree- 
ably to the hypothesis in question, it seems to me that the pro- 
cess, by which caloric is propagated through them by conduc- 
dion, must be extremely different from that by which it is 
transmitted from one part of space to another by radiation. 
In the one case, the calorific particle flies like a bullet pro- 
jected from a gun, but with an inconceivably greater velocity, 
which is not sensibly retarded by the reflecting or refracting 
influence of intervening transparent media: in the other case, 

* T subjoin the language which I have held respecting the constitution 
of expansible solids, during the last twenty years. 

‘««The expansion of matter, whether solid, liquid, or aériform, by an in- 
crease of temperature, may be thus explained :— 

“Jn proportion as the temperature within any space is raised, there will 
be more caloric in the vicinity of the particles of any mass contained in the 
space. The more caloric in the vicinity of the particles, the more of it 
will combine with them; and in proportion to the quantity of caloric thus 
combined, will they be actuated by that reciprocally repellent power, which, 
in proportion to its intensity, regulates their distance frum each other. 

“There may be some analogy between the mode in which each ponder- 
able atom is surrounded by the caloric which it attracts, and that in which 
the earth is surrounded by the atmosphere; and as in the latter case, so 
probably in the former, the density is inversely as the square of the distance. 

** At a height at which the atmospheric pressure does not exceed a grain 
to the square inch, suppose it to be doubled, and supported at that in- 
creased pressure by a supply of air from some remote region; is it not 
evident that 2 condensation would ensue in all the inferior strata of the 
atmosphere, until the pressure would be doubled throughout, so as to be- 
come at the terrestrial surface 30 pounds instead of the present pressure 
of 15 pounds? Yet the pressure at the point from which the change would 
be propagated would not exceed two grains per square inch. 

“Tn like manner, it may be presumed that the atmospheres of caloric 
are increased in quantity and density about their respective atoms, by a 
slight increase in the calorific tension of the external medium.” 
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it must be slowly imparted from one calorific atmosphere to 
another, until the repulsion, sustained on all sides, is in equi- 
librio. It is in this way that I have always explained the fact 
that metals are bad radiators, while good reflectors*. 

55. In paragraph 25 you allege that conduction of heat 
differs from electrical induction, because it passes by a very 
slow process; while induction is, in its distant influence, si- 
multaneous with its force at the place of action. How then 
can the passage of heat by conduction be ‘a process precisely 
like that of radiation” (21), which resembles induction in the 
velocity with which its influence reaches objects, however 
remote ? 

56. Although (21) you appeal to the “ modern views re- 
specting radiation and conduction of heat,” in order to illus- 
trate your conception of the contiguity of the particles of 
bodies subjected to induction, yet (in 25) you object to the 
reference which I had made to the same views, in order to 
show that the intensity of electro-polarization could not be 
inversely as the number of the polarized particles, interposed 
between the ‘‘inductric” surfaces. Let us then resort to the 
case above suggested, of the influence of the surfaces of the 

* I will here quote the rationale which has been given in my lectures 
for the iast twenty years :— 

** Metals appear to consist of particles so united with each other, or with 
caloric, as to leave no pores through which radiant caloric can be projected. 
Hence the only portion of any metallic mass which can yield up its rays 
by radiation, is the external stratum. 
“On the other hand, from its porosity, and probably from its not retain- 

ing caloric within its pores tenaciously as an ingredient in its composition, 
charcoal opposes but little obstruction to the passage of that subtile prin- 
ciple, when in the radiant form; and hence its particles may all be simul- 
taneously engaged in radiating any excess of this principle with which a 
feeble affinity may have caused them to be transiently united, or in receiv- 
ing the rays emitted by any heated body, to the emanations from which 
they may have been exposed. 
“We may account in like manner for the great radiating power of 

earthenware and wood. 
“For the same reason that calorific rays cannot be projected from the 

interior of a metal, they cannot enter it when projected against it from 
without. On the contrary, they are repelled with such force as to be re- 
flected without any perceptible diminution of velocity. Hence the pre- 
eminence of metallic reflectors. 

“Tt would seem asif the calorifie particles which are condensed between 
those of the metal, repel any other particles of their own nature which may 
radiate towards the metallic superficies, before actual contact ensues; 
otherwise, on account of mechanical imperfection, easily discernible with 
the aid of a microscope, mirrors would not be as efficacious as they are 
found to be in concentrating radiant heat. Their influence, in this respect, 
seems to result from the excellence of their general contour, and is not 
proportionably impaired by blemishes.” 
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poles of a magnet upon intervening pieces of iron wire. In 
1679, 14th series, you suggest this as an analogous case to 
that of the process of ordinary electrical induction, which we 
have under consideration. Should there be in the one case, 
a thousand pieces of wire interposed, in the second, a hundred, 
will it be pretended that the intensity of their reciprocal in- 
ductive reaction would be inversely as the number; so that 
the effect of the last-mentioned number of wires would be 
equivalent to that of the first? Were intervals to be created 
between the wires, by removing from among the number first 
mentioned alternate wires, it would seem to me that the 
energy of their reciprocal influence would be diminished, not 
only as the number of them might be lessened, but also as 
they should consequently be rendered more remote. 

57. If, as you suggest, the interposition of ponderable par- 
ticles have any tendency to promote inductive influence (14), 
there must be some number of such particles by which this 
effect will be best attained. That number being interposed, 
I cannot imagine how the intensity of any electro-polarity, 
thus created in the intervening particles, can, by a diminution 
of their number, acquire a proportionable increase ; and evi- 
dently in no case can the excitement in the particles exceed 
that of the * inductric” surfaces, whence the derangement of 
electrical equilibrium arises. 

58. The repulsive power of electricity being admitted to be 
inversely as the squares of the distances, you correctly infer, 
that the aggregate influence of an electrified ball B, situated 
at the centre of a hollow sphere C, will be a constant quan- 
tity, whatever may be the diameter of C. This is perfectly 
analogous to the illuminating influence of a luminous body 
situated at the centre of a hollow sphere, which would of 
course receive the whole of the light emitted, whatever might 
be its diameter; provided that nothing should be interposed 
to intercept any portion of the rays. But in order to answer 
the objection which I have advanced, that the diminution of 
the density of a ‘ dielectric” cannot be compensated by any 
consequent increase of inductive intensity, it must be shown, 
in the case of several similar hollow spheres, in which various 
numbers of electrified equidistant balls should exist, that the 
influence of such balls upon each other, and upon the surfaces 
of the spheres, would not be directly as the number of the 
balls, and inversely as the size of the containing spaces. 
Were gas-lights substituted for the balls, it must be evident 
that the intensity of the light in any one of the spheres would 
be as the number of lights which it might contain: now one 
of your illustrations (8), above noticed, makes light and elec- 
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trical induction obey the same law as respects the influence 
of distance upon the respective intensities. 

59. From these considerations, and others above stated, I 
infer, that if electrical induction were an action of particles in 
proximity, operating reciprocally with forces varying in in- 
tensity with the squares of the distances, their aggregate 
influence upon any surfaces, between which they might be 
situated, would be proportionable to their number; and since 
experience demonstrates that the inductive power is not di- 
minished by the reduction of the number of the intervening 
particles, I conclude that it is independent of any energy of 
theirs, and proceeds altogether from that electrical accumula- 
tion with which the inductive change is admitted to originate. 

60. In paragraph 31, you say, “that at one time there was 
a distinction between heat and cold. At present that theory 
is done away with, and the phenomena of heat and cold are 
referred to the same class, and to different degrees of the 
same power.” 

61. In reply to this I beg leave to point out, that although, 
in ordinary acceptation, cold refers to relatively low tempe- 
rature, yet we all understand that there might be that perfect 
negation of heat, or abstraction of caloric, which may be de- 
fined absolute cold. I presume that, having thus defined 
absolute cold, you would not represent it as identical with 
caloric. For my own part, this would seem as unreasonable 
as to confound matter with nihility. 

62. Assuming that there is only one electric fluid, there 
appears to me to be so far an analogy between caloric and 
electricity, that negative electricity conveys. in the one case, 
an idea analogous to that which cold conveys in the other. 
But if the doctrine of Du Fay be admitted, there are two 
kinds of electric matter, which are no more to be con- 
founded than an acid and an alkali. Let us, upon these pre- 
mises, subject to further examination your argument (1330), 
that insulation and conduction should be identified, “ since 
the moment we leave in the smallest degree perfection at either 
extremity, we involve the element of perfection at the opposite 
end.” Let us suppose two remote portions of space, one re- 
plete with pure vitreous electricity, the other with pure resin- 
ous. Letthere be a series of like spaces, containing the resin- 
ous and vitreous electricities in as many diflerent varieties of 
admixture, so that in passing from one of the first-mentioned 
spaces, through the series to the other, as soon as we should 
cease to be exposed to the vitreous fluid, in perfect purity, we 
should begin to be exposed minutely to the resinous; or that, 
in passing from the purely resinous atmosphere, we should 
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begin to be exposed to a minute portion of the vitreous fluid; 
would this be a sufficient reason for confounding the two 
fluids, and treating the phenomena to which they give rise as 
the effect of one only ? 

63. But the discussion into which your illustrations have 
led me refers to things, whereas conduction and insulation, as 
I understand them, are opposite and incompatible properties; 
so that, inasmuch as either prevails, the other must be coun- 
teracted. Conduction conveys to my mind the idea of per- 
meability to the electric fluid, insulation that of zmpermeability; 
and I am unable to understand how these irreconcilable pro- 
perties can be produced by a difference of degree in any one 
property of electrics and conductors. 

64. If, as you infer, glass have, comparatively with metals, 
an almost infinitely minute degree of the conducting power, 
is it this power which enables it to prevent conduction, or, in 
other words, to insulate? Let it be granted that you have 
correctly supposed conduction to comprise both induction and 
discharge, the one following the other in perfect conductors 
within an inexpressibly brief interval: insulation does not pre- 
vent induction, but, so far as it goes, prevents discharge. In 
practice, this part of the process of conduction does not take 
place through glass during any time ordinarily allotted to our 
experiments, however correct you may have been in supposing 
it to have ensued before the expiration of a year or more, in 
the case of the tubes which you had sealed after charging 
them. But conceding it to have been thus proved, that glass 
has, comparatively with metals, an infinitely small degree of 
the conducting power, is it this minute degree of conducting 
power which enables it to prevent conduction, or, in other 
words, to insulate? 

65. Induction arises from one or more properties of elec- 
tricity, insulation from a property of ponderable matter ; and 
although there be no matter capable of preventing induction, 
as well as discharge, were there such a matter, would that 
annihilate insulation? On the contrary, would it not exhibit 
the property in the highest perfection ? 

66. As respects the residual charge of a battery, is it not 
evident that any electrical change which affects the surface of 
the glass, must produce a corresponding effect upon the stra- 
tum of air in contact with the coating of the glass? If we 
place one coating between two panes, will it not enable us, to 
a certain extent, to charge or discharge both? Substituting 
the air for one of them, will it not in some measure be liable 
to an affection similar to that of the vitreous surface, for which 
it is substituted? In the well-known process of the conden- 
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sing electrometer, the plate of air interposed between the discs 
is, I believe, universally admitted to perform the part of an 
electric, and to be equivalent in its properties to the glass in 
a coated pane. 

67. When I adverted to a gradual relinquishment of elec- 
tricity by the air to the glass, I did not mean to suggest that 
it was attended by any more delay than the case actually de- 
monstrates. It might be slow or gradual, compared with the 
velocity of an electric discharge, and yet be extremely quick 
comparatively with any velocity ever produced in ponderable 
matter. That the return should be slow when no coating 
was employed, and yet quick when it was employed, as stated 
by you (38), is precisely what I should have expected, because 
the coating only operates to remove all obstruction to the 
electric equilibrium. The quantity or intensity of the excite- 
ment is dependent altogether upon the electrified surfaces of 
the air and the glass. You have cited (1632) the property of 
a charged Leyden jar, as usually accoutred, of electrifying a 
carrier ball. This I think sanctions the existence of a power 
to electrify, by convection, the surrounding air to a greater or 
less depth; since it must be evident that every aérial particle 
must be competent to perform the part of the carrier ball. 

68. Agreeably to the Franklinian doctrine, the electricity 
directly accumulated upon one side of a pane repels that upon 
the other side. You admit that this would take place were a 
vacuum to intervene; but when ponderable matter is inter- 
posed you conceive each particle to act as does the body B, 
when situated as described between A and C (4). But agree- 
ably to the view which I have taken, and what I understand 
to be your own exposition of the case, B is altogether passive, 
so that it cannot help, if it does not impede, the repulsive 
influence. Moreover, it must be quite evident, that were B 
removed, and A approximated to C, without attaining the 
striking distance, the effect upon C, and the consequent energy 
of any discharge upon it from A, would be greater instead of 
less. If, in the charge of a coated pane, the intermediate 
ponderable vitreous particles have any tendency to enhance 
the charge, how happens it that, the power of the machine 
employed being the same, the intensity of the charge which 
can be given to an electric is greater in proportion to its 
tenuity ? 

69. In reference to the direction of any discharge, it appears 
to me that as, in charging, the fluid must always pass from the 
cathode to the anode, so in reversing the process it must pur- 
sue the opposite course of going from the anode back to the 
cathode. Evidently the circumvolutions of the circuit are as 
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unimportant as respects a correct idea of the direction, as 
their length has been shown by Wheatstone to be incompe- 
tent to produce any perceptible delay. 

70. The dissipation of conductors being one of the most 
prominent among electrical phenomena, it appears to me to 
be an objection to your theory, if, while it fails to suggest any 
process by which this phenomenon is produced, it assumes 
premises which seem to be incompatible with the generation 
of any explosive power. If discharge only involves the resto- 
ration of polarized ponderable particles to their natural state, 
the potency of the discharge must be proportionable to the 
intensity of the antecedent polarity; yet it is through con- 
ductors liable, as you allege, to polarization of comparatively 
low intensity (31) that discharge takes place with the highest 
degree of explosive violence. 

71. Having inquired how your allegation could be true, 
that discharge brings bodies to their natural state, and yet 
causes conductors to be dissipated, you reply (34), that dif 
ferent effects may result from the same cause, acting with 
different degrees of intensity, as when by one degree of heat 
ice is converted into water, by another into steam. But it 
may be urged, that although, in the case thus cited, different 
effects are produced, yet that the one is not inconsistent with 
the other, as were those ascribed to electrical discharges. It 
is quite consistent that the protoxide of hydrogen, which, per 
se, constitutes the solid called ice, should, by one degree of 
calorific repulsion, have the cohesion of its particles so far 
counteracted as to be productive of fusion; and yet that a 
higher degree of the same power should cause them to recede 
from each other, so as to exist in the aériform state. 

72. In order to found, upon the influence of various tempe- 
ratures, a good objection to my argument, it should be shown 
that while a certain reduction of temperature enables aqueous 
particles to indulge their innate propensity to consolidation, 
a still further reduction will cause them, in direct opposition 
to that propensity, to repel each other so as to form steam. 

73. In your concluding paragraph you allege, ‘that when 
ponderable particles intervene, during the process of dynamic 
induction, the currents resulting from this source do require 
these particles.” 1 presume this allegation is to be explained 
by the conjecture made by you (1729), that since certain 
bodies, when interposed, did not interfere with dynamic in- 
duction, therefore they might be inferred to cooperate in the 
transmission of that species of inductive influence. But if the 
induction takes place without the ponderable matter, is it right 
to assume that this matter azds, because it does not prevent 
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the effect? Might it not be as reasonably inferred, in the case 
of light, that, although its transmission does not require the 
interposition of a pane of glass, yet, that when such a pane is 
interposed, since the light is not intercepted, there is reason 
to suppose an active cooperation of the vitreous particles in 
aid of the radiation? It may be expedient here to advert to 
the fact, that Prof. Henry has found a metallic plate to inter- 
fere with the dynamic induction of one flat helix upon another. 
I have myself been witness of this result. 

74. Does not magnetic or electro-dynamic induction take 
place as well in vacuo as in pleno? Has the presence of any 
gas been found to promote or retard that species of reaction : f 
It appears that, agreeably to your experiments, ponderable 
bodies, when made to intervene, did not enhance the influence 
in question, while in some of those performed by Henry it 
was intercepted by them. Does it not follow that ponderable 
particles may impede, but cannot assist in this process ? 

75. Iam happy to find that, among the opinions which I 
expressed in my letter to you, although there are several in 
which you do not concur, there are some which you esteem 
of importance, though you do not consider yourself justified 
in extending to them your sanction, being constrained, in the 
present state of human knowledge, to hold your judgment in 
suspense. For the present I shall here take leave of this sub- 
ject, having already so extended my letter as to occupy too 
much of your valuable time. J am aware that as yet I have 
not sufficiently studied many of the intricate results of your 
sagacity, ingenuity and consummate skill in experimental in- 
vestigations. When I shall have time to make them the sub- 
ject of the careful consideration which they merit, 1 may ven- 
ture to subject your patience to some further trials. 

Philadelphia, Jan. 1, 1841. 

LXXV. On the Principles of the Application of Analysis tothe 
Motion of Fluids. By the Rev, J. Cuariis, M.A., Plumian 
Professor of Astronomy and Eaperimental Philosophy in the 
University of Cambridge*. 

OR the sake of simplicity, the following remarks will be 
restricted to the motion of an incompressible fluid: 

they may without difficulty be extended to fluid motion in 
general. 

It is well known that one of the fundamental equations of 
fluid motion is obtained on the principle that the mass of each 
small element remains the same while its position and form 

* Communicated by the Author. 
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are varying. If w, v, w be the parts of the velocity at a 
point whose coordinates are 2, y, z, resolved in the direc- 
tions of the axes of rectangular coordinates, the equation thus 
obtained for an incompressible fluid is, 

du dv dw 
dx + dy * dz 

Under this form it is not proper for application to proposed 
instances of motion, for which purpose it must admit of exact 
or approximate integration, and therefore consist of partial 
differential coefficients of a principal variable. ‘The trans- 
formation into the required form is made by assuming u d & 
+vdy + wdzxto bean exact differential of a function of 
x,yandz. For if ¢ be the function, evidently 

petit v oy I oe 
dx dy dz 
2 2 

ahs ae SPAS ot tie hly 
dx dy? dz? 

No general rule has hitherto been given for determining 
when it is allowable to assumeudx+vuvdy + wdz tobe 
an exact differential, nor has it been ascertained to what par- 
ticular circumstance of the motion this analytical condition 
refers. This must be considered a defect in the mathematical 
theory of hydrodynamics. 

The equation (A.) may also be arrived at by the following 
considerations. In whatever manner a mass of fluid is in mo- 
tion, we may conceive an unlimited number of surfaces de- 
scribed in it, so that each is perpendicular to the direction of 
the motion at a given time of the particles through which it 
passes. ‘These surfaces are not necessarily continuous, but 
must be supposed to consist of continuous parts possessing 
the general properties of curve surfaces. Hence if, in two of 
the surfaces separated by an indefinitely small interval, two 
indefinitely small rectangular areas be taken opposite to each 
other, so that the lines joining the corresponding angular 
points are normals to the surfaces, then the directions of mo- 
tion in the fluid element lying between them will, by a known 
property of curve surfaces, all pass through two focal lines per- 
pendicular to the directions of the normals, and situated in 
planes at right angles to each other. The normal velocity 
will in general vary in passing from one point to another of 
the intersecting surface, in a manner depending on the arbi- 
trary disturbance of the fluid; but taking it to be uniform 
through the extent of each of the indefinitely small areas, the 
continuity of the fluid will be maintained if the same quantity 

Seer. 

and (B.) 
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of fluid passes the two areas at the same time. On this prin- 

ciple I have obtained the equation (A.) in the Cambridge 

Philosophical Transactions (vol. v. part ii. p. 182). The 

mathematical reasoning is too long to be inserted. I have 

recently obtained the corresponding equation for compressible 

fluids by a similar process. 
The above method of obtaining the equation (A.) has the 

advantage of making known the condition that is introduced 

when uda+vdy + wdz is assumed to be an exact diffe- 

rential of a function of 2, y, and z. For if V be the velocity 

at the point 2 y 2 distant by r from a focal line, and @, » be 

two angles fixing the direction of the normal through that 

point, we may put V = Ff (6.1) x ¢(r), the latter factor ex- 

pressing the law of the variation of V at a given instant 

through a small space resulting from the convergence or di- 

vergence of the normals. Hence if «, 6, y be the coordi- 

nates of the intersection of the normal with the focal line, we 

shall have 
a . u = f (9, n)- $(7) —— 20,0) =f (9), 1). 90). 2; 

C= 

w =f (0, 2)-9(r)-—*sandudx +vdy+wde 

= f (8, »)->(7) EEE dx + YE ay “Tas }. 

Now since 7? = (a—a)? + (y—B)? + (z—y)*, the above 

quantity is an exact differential of a function of x, y, and 2, 

if a, B, y> 9, and 7 be constant; that is, if the variation with 

respect to space be in the direction of the motion. ‘This condi- 

tion, which has hitherto been unnoticed, is independent of the 

particular mode in which the fluid is disturbed, and being 

introduced when d¢ is substituted for wda + vdy+wdz, 

must be attended to in all the subsequent calculations in 

which ¢ is involved. 

The preceding reasoning fails if the lines of motion be not 

convergent, or the motion be such as the fluid might take if 

it were either wholly solid, or consisted of solid disconnected 

parts: for instance, when the fluid mass revolves about a fixed 

axis and the velocity is a function of the distance from the 

axis. In fact, for this instance, udv +vdy + wdz is not 

an exact differential. 

As it appears from the above reasoning that, in general, at 

the same time that the equation (A.) is transformed into one 

consisting of partial differential coefficients of a principal va- 

riable, the condition is introduced, that the variation with re- 
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spect to space is in the direction of the motion, it follows that 
the transformed equation and its integral containing arbitrary 
functions must be immediately applied to the parts of the 
fluid disturbed in a given and arbitrary manner, and where, 
consequently, the direction of the motion is known. The ve- 
locity, and direction of the velocity, at other parts are to be 
inferred from the laws of propagation of the motion and 
variation of the velocity which the integration reveals. 

Admitting the extension of the foregoing considerations to 
a compressible fluid, the following is the manner in which the 
problem of the resistance to a vibrating sphere requires, on 
these principles, to be treated. The general equation in rect- 
angular coordinates, viz. 

@o , (&@>o  &o , &o 

ae =: (ie tag tas) 
is first to be transformed into polar coordinates, having the 

centre of the vibrating sphere for the pole. The polar co- 

ordinates being 7 the distance of the point 2 y x from the cen- 

tre of the sphere, @ the angle which 7 makes with the straight 

line in which the centre is moving, and y the angle which the 

plane of these two lines makes with a vertical plane, regard 

also being had to the motion of the sphere, the transformation, 

effected in the manner adopted by Poisson in Art. 2 of his 

Memoir in the Connaissance des ‘ems for 1834, leads to the 

equation 

Prd i }@P.rd 1 d.(sin 4 10 

ie i : iiss i 

1 @ ord 

T 7?sink? O° dy? [’ 

which is independent of the motion of the sphere. If now 
the reasoning be just by which I have argued, that into this 
equation must be introduced the condition, that the variation 
with respect to space be in the direction in which the velocity 
is impressed, it will plainly reduce itself to 

1 CO 
PEGs Shite et ee 

in which, from what has been already said, ¢ may contain as 
a factor an arbitrary function of @ andy. ‘This is the equa- 
tion I have employed in the solution I have given of the pro- 
blem in the Number of this Journal for December 1840, and 
by it I have been conducted to the value 2 for the coefficient 
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of resistance. I find also that the part of the velocity directed 
to or from the centre of the sphere varies inversely as the 
square of the distance, and that in a plane drawn at any in- 
stant through the centre of the sphere perpendicular to the 
direction of its motion, the fluid is stationary. Poisson, by 
integrating the equation with the term containing the diffe- 
rential coefficient with respect to @ included, finds the coeffi- 
cient of resistance to be 13, the law of variation of the velocity 
to be inversely as the cube of the distance, and the velocity of 
the fluid in the above-mentioned plane and in contact with 
the sphere, to be half the velocity of the sphere. With these 
statements I leave the problem to the consideration of mathe- 
maticians, not venturing, in a question of so much difficulty, to 
assert unhesitatingly the correctness of my own views. 

As an objection may be raised against the reasoning in my 
communication in the December Number, because it takes 
account only of terms involving the first power of the velocity, 

: r 
which, by reason of the small factor x? may not be of larger 

magnitude than rejected terms involving the square of the 
velocity, I take this opportunity of mentioning that, in a paper 
submitted to the Cambridge Philosophical Society, I have 
carried the approximation to the next degree, and, as might 
have been anticipated, I obtain the former result, the pressure 
depending on the square of the velocity being the same on the 
preceding as on the following half of the surface of the vi- 
brating sphere. In the same paper I have attempted to give 
an answer to the query proposed at the end of the above- 
mentioned communication, respecting the motion of a small 
sphere submitted to the mechanical action of the vibrations of 
an elastic medium. I find that there will be a motion of vi- 
bration of the sphere depending on the first power of the ve- 
locity of the vibrating medium, and a permanent motion of 
translation depending on the second power. ‘This result is 
important if it serves to explain how the vibrations of the 
ether (assuming them to be like those of air) may at the same 
time produce two different effects, such as light and heat, or 
light and chemical action. 

Cambridge Observatory, April 13, 1841. 

Phil. Mag. S. 3. Vol. 18, No. 119. June 1841. 21 



[ 482 ] 

LXXVI. Contributions to Electricity and Magnetism. No. IV. 
On Electro-dynamic Induction. (Continued.) By JosePu 
Henry, LL.D., Professor of Natural Philosophy in the 
College of New Jersey, Princeton*. 

Introduction. 

i [X the course of my last paper, it was stated that the 
investigations which it detailed were not as complete 

in some parts as I could wish, and that I hoped to develope 
them more fully in another communication. After consider- 
able delay, occasioned by alterations in the rooms of the phy- 
sical department of the college, I was enabled to resume my 
researches, and since then I have been so fortunate as to dis- 
cover a series of new facts belonging to different parts of the 
general subject of my contributions. These I have announced 
to the Society at different times, as they were discovered ; and. 
I now purpose to select from the whole such portions as re- 
late particularly to the principal subject of my last paper, 
namely, the induction at the beginning and ending of a gal- 
vanic current, and to present them as a continuation, and, in 
a measure, as the completion, of this part of my researches. 
The other results of my labours in this line will be arranged 
for publication as soon as my duties will permit me to give 
them a more careful examination. 

2. In the course of the experiments I am about to describe, 
I have had occasion to repeat and vary those given in my last 
paper; and I am happy to be able to state, in reference to the 
results, that, except in some minor particulars, which will be 
mentioned in the course of this paper, I have found no cause to 
desire a change in the accounts before published. My views, 
however, of the connexion of the phenomena have been con- 
siderably modified, and I think rendered much more definite 
by the additional light which the new facts have afforded. 

3. The principal articles of apparatus used in these experi- 
ments are nearly the same as those described in my last paper, 
namely, several flat coils and a number of long wire helices 
(III. 6, 7, 8.}). I have, however, added to these a constant 
battery, on Professor Daniell’s plan, the performance of which 
has fully answered my expectations, and confirmed the ac- 
counts given of this form of the instrument by its author. It 
consists of thirty elements formed of as many copper cylin- 
ders, open at the bottom, each five inches and a half in height, 
three inches and a half in diameter, and placed in earthen 

* From the Transactions of the American Philosophical Society, vol. viii., 
having been read June 19, 1840. 

+ When the numerals II. or III. are included in the parenthesis, refer- 
ence is made to the corresponding Nos. of my contributions. 
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cups. A zinc rod is suspended in each of these, of the same 

length as the cylinders, and about one inch in diameter. The 

several elements are connected by a thick copper wire, sol~ 
dered to the copper cylinder of one element, and dipping 

into a cup of mercury on the zinc of the next. ‘The copper 
and zine, as usual, are separated by a membrane, on both sides 
of which is placed a solution of one part of sulphuric acid in 
ten parts of water; and to this is added, on the side next the 

copper, as much sulphate of copper as will saturate the solu- 

tion. The battery was sometimes used as a single series, with 
all its elements placed consecutively, and at others in two or 
three series, arranged collaterally, so as to vary the quantity 
and intensity of the electricity as the occasion might require. 

4. The galvanometers mentioned in this paper, and re- 
ferred to in the last, are of two kinds; one, which is used 
with a helix, to indicate the action of an induced current of 
intensity, consists of about five hundred turns of fine copper 
wire, covered with cotton thread, and more effectually insu- 
lated by steeping the instrument in melted cement, which was 
drawn into the spaces between the spires by capillary attrac- 
tion. The other galvanometer is formed of about forty turns 
of a shorter and thicker wire, and is always used to indicate 
an induced current, of considerable quantity, but of feeble in- 
tensity. The needle of both these instruments is suspended 
by a single fibre of raw silk. 

5. I should also state, that in all cases where a magnetizing 

spiral is mentioned in connexion with a helix, the article is 
formed of a long, fine wire, making about one hundred turns 
around the axis of a hollow piece of straw, of about two inches 
and a half long: also the spiral mentioned in connexion with 
a coil is formed of a short wire, which makes about twenty 
turns around a similar piece of straw. The reason of the use 
of the two instruments in these two cases is the same as that 
for the galvanometers, under similar circumstances; namely, 
the helix gives a current of intensity, but of small quantity, 
while the coil produces one of considerable quantity, but of 
feeble intensity. 

Section I.—On the Induction produced at the moment of the 
beginning of a Galvanic Current, Sc. 

6. It will be recollected that the arrangement of apparatus 
employed in my last series of experiments gave a powerful 
induction at the moment of breaking the galvanic circuit, but 
the effect at making the same was so feeble as scarcely to be 
perceptible. Iwas unable in any case to get indications of 
currents of the third or fourth orders from the beginning in- 

212 
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duction, and its action was therefore supposed to be so feeble 

as not materially to affect the results obtained. 

7. Subsequent reflection, however, led me to conclude, that 

in order to complete this part of my investigations, a more 

careful study of the induction at the beginning of the current 

would be desirable; and accordingly, on resuming the experi- 

ments, my attention was first directed to the discovery of 

some means by which the intensity of this induction might be 

increased. After some preliminary experiments, it appeared 

probable that the desired result could be obtained by using 

a compound galvanic battery, instead of the single one before 

employed. In reference to this conjecture the constant bat- 

tery before mentioned (3.) was constructed, and a series of 

experiments instituted with it, the results of which agreed 

with my anticipation. 
gs. In the first experiment, coil No. 2, which it will be re- 

membered (III. 7.) consists of a copper riband of about sixty 

feet long, and coiled on itself like the main spring of a watch, 

was connected with the compound battery, and helix No. 1 

(III. 8.), formed of one thousand six hundred and sixty yards 

of fine copper wire, was placed on the coil to receive the in- 

duction, as is shown in Figure 3, which is again inserted here 
for the convenience of the reader. 

Fig. 3. 

a represents coil No. 1, 6 helix No. 1, and ce, d, handles for receiving the 
shock. 

This arrangement being made, currents of increasing in- 
tensity were passed through tke coil by constantly retaining 
one of its ends in the cup of mercury forming one extremity 
of the battery, and successively plunging the other end into 
the cups which served to form the connexions of the several 
elements of the battery. With the current from one element, 
the shock at breaking the circuit was quite severe; but at 
making the same it was very feeble, and could be perceived in 
the fingers only or through the tongue. With two elements 
in the circuit, the shock at beginning was slightly increased ; 
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with three elements the increase was more decided, while the 
shock at breaking the circuit remained nearly of the same in- 
tensity as at first, or was comparatively but little increased. 
When the number of elements was increased to zen, the shock 
at making contact was found fully equal to that at breaking, 
and by employing a still greater number, the former was de- 
cidedly greater than the latter; the difference continually in- 
creasing until all the thirty elements were introduced into the 
circuit. 

9. In my last paper, a few experiments are mentioned as 
being made with a compound battery of Cruickshank’s con- 
struction; but from the smallness of the plates of this, and 
the rapidity with which its power declined, I was led into the 
error of supposing that the induction at the ending of the 
current, in the case of a short coil, was diminished by increas- 
ing the intensity of the battery (see paragraph 19. of No. III.) ; 
but by employing the more perfect instrument of Professor 
Daniell in the arrangement of the last experiment, I am en- 
abled to correct this error, and to state that the induction at 
the ending remains nearly the same when the intensity of the 
battery is increased. If the induction depends in any degree 
on the quantity of current electricity in the conductor, then a 
slight increase in the induction should take place; since, ac- 
cording to theory, the current is somewhat increased in quan- 
tity, in the case of a long coil, by the increase of the intensity 
of the battery. Although very little, if any, difference could 
be observed in the intensity of the shock from the secondary 
current, yet the snap and deflagration of the mercury appeared 
to be greater from the primary current when ¢en elements of 
the battery were included in the circuit, than with a single 
one. The other results which are mentioned in my last paper, 
in reference to the compound battery, are, I believe, correctly 
given. 

10. The intensities of the different shocks in the foregoing 
experiments were compared by gradually raising the helix 
from the coil (see Fig. 3.), until, on account of the distance of 
the conductors, the shock in one case would be so much re- 
duced as to be searcely perceptible through the fingers or the 
tongue, while the shock from another arrangement, but with 
the same distance of the conductors, would be evident, per- 
haps, in the hands. ‘The same method was generally em- 
ployed in the experiments in which shocks are mentioned as 
being compared, in the other parts of this paper. 

11. Experiments were next made to determine the influence 
of a yariation in the length of the coil, the intensity of the 
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battery remaining the same. For this purpose, the battery 
consisting of a single element, and the arrangement of the 
apparatus as represented in Fig. 3, the coil was diminished in 
length from sixty feet to forty-five, then to thirty, and so on. 
With the first-mentioned length the shock, at making contact 
with the battery, was, of course, very feeble, and could be felt 
only in the tongue; with the next shorter length it was more 
perceptible, and increased in intensity with each diminution 
of the coil, until a length of about fifteen feet appeared to give 
a maximum result. 

12. The diminution of the intensity of the shock in the last 
experiment, after the length of the coil was diminished below 
fifteen feet, was due to the diminution of the number of spires 
of the coil, each of which, by acting on the helix, tends 
to increase the intensity of the secondary current, unless the 
combined length of the whole is too great for the intensity of 
the battery. That this is the fact is shown by the following 
experiment: the helix was placed on a single spire or turn 
of the coil, and the length of the other part of the copper ri- 
band, which did not act on the helix, was continually short- 
ened, until the whole of it was excluded from the circuit ; in 
this case the intensity of the shock at the beginning was con- 
stantly increased. We may therefore state generally, that, 
at the beginning of the battery current, the imduction of a 
unit of its length is increased by every diminution of the 
length of the conductor. 

13. In the experiment given in paragraph 11, the intensity 
of the shock at the ending of the battery current diminishes 
with each diminution of the length of the coil; and this is 
also due to the decrease of the number of the spires of the 
coil, as is evident from an experiment similar to the last, in 
which the helix was placed on a coil consisting of only two 
turns or spires of copper riband; the shock at the ending, 
with this arrangement, was comparatively feeble, but could 
be felt in the hands. Different lengths of coil No. 2. were 
now introduced into the same circuit, but not so as to act on 
the helix ; but although these were varied from four or five 
feet to the whole length of the coil (sixty feet), not the least 
difference in the intensity of the shock could be perceived. 
We have, therefore, the remarkable result, that the intensity 
of the ending induction of each unit of length of the battery 
current is not materially altered, at least within certain limits, 
by changing the length of the whole conductor. From this 
we would infer that the shock depends more on the intensity 
of the action than on the quantity of the current, since we 
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know that the latter is diminished in a given unit of the con- 
ductor by increasing the length of the whole. 

14. We have seen (8.) that, with a circuit composed of ten 
elements of the compound battery and the coil No. 2, the 
shock, at the beginning of the current, was fully equal to 
that at the ending. It was, however, found, that if, in this 
case, the length of the coil was increased, this shock was di- 
minished ; and we may state, as an inference from several ex~- 
periments, that however great may be the intensity of the 
electricity from the battery, the shock at the beginning may 
be so reduced, by a sufficient increase of the length of the 
primary circuit, as to be scarcely perceptible. 

15. It was also found, that when the thickness of the coil 
was increased, the length and intensity of the circuit remain- 
ing the same, the shock at the beginning of the battery cur- 
rent was somewhat increased. ‘This result was produced by 
using a double coil; the electricity was made to pass through 
one strand, and immediately afterwards through both: the 
shock from the helix in the latter case was apparently the 
greater. 

16. ‘By the foregoing results we are evidently furnished 
with two methods of increasing, at pleasure, the intensity of 
the induction at the beginning of a battery current; the one 
consisting in increasing the intensity of the source of the elec- 
tricity, and the other in diminishing the resistance to conduc- 
tion of the circuit while the intensity remains the same. 

17. The explanation of the effects which we have given, rela- 
tive to the induction at the beginning, is apparently not diffi- 
cult. The resistance to conduction in the case of a long con- 
ductor and a battery of a single element is so great, that the 
full development of the primary current may be supposed 
not to take place with sufficient rapidity to produce the in- 
stantaneous action on which the shock from the secondary 
current would seem to depend. But when a battery of a 
number of elements is employed, the poles of this, previous 
to the moment of completing the circuit, are in a state of elec- 
trical tension; and therefore the discharge through the con- 
ductor may be supposed to be more sudden, and hence an 
induction of more intensity is produced. 

18. That the shock at both making and breaking the cir- 
cuit in some way depends on the rapidity of formation and 
diminution of the current, is shown by the following experi- 
ment, in which the tension just mentioned does not take place, 
and in which, also, the current appears to diminish more slowly, 
The two ends of the coil were placed in the two cups which 
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formed the poles of the battery, and permanently retained there 
during the experiment; also, at the distance of about six inches 
from, say the right hand end of the coil, a loop was made in the 
riband, which could be plunged into the cup containing the 
left hand end. With this arrangement, and while only the 
two extreme ends of the coil were in connexion with the cups 
of mercury, of course the current passed through the entire 
Jength of the riband of the coil ; but by plunging the loop into 
the left hand cup, the whole length of the coil, except the six 
inches before mentioned, was excluded from the battery cir- 
cuit. And again, when the loop was lifted out of the cup, the 
whole length was included. In this way the current in the 
coil could be suddenly formed and interrupted, while the 
poles of the battery were continually joined by a conductor ; 
but no shock with either a single or a compound battery 
could be obtained by this method of operation. 

19. The feebleness of the shock at the beginning of the 
current, with a single battery and a long coil, is not entirely 
owing to the cause we have stated (17.), namely, the resistance 
to conduction offered by the long conductor, but also de- 
pends, in a considerable degree, if not principally, on the ad- 
verse influence of the secondary current, induced in the pri- 
mary conductor itself, as is shown by the result of the follow- 
ing experiment. Helix No. 1. was placed on a coil consisting 
of only three spires or turns of copper riband ; with this, the 
shock, both at making and breaking the circuit with a single 
battery, could be felt in the hands. A compound coil was 
then formed of the copper ribands of coils No. 3. and 4. rolled 
together so that the several spires of the two alternated with 
each other, and when this was introduced into the circuit so 
as not to act on the helix by its induction, and the battery 
current passed through, for example, coil No. 3, the shock at 
making contact with the pole of the battery was so much re- 
duced as to be imperceptible in the hands, while the shock at 
breaking the contact was about the same as before this addi- 
tion was made to the length of the circuit, The ends of coil 
No. 4. were now joined so as to produce a closed circuit, the 
induced current in which would neutralize the secondary cur- 
rent in the battery conductor itself; and now the shock at 
making the contact was nearly as powerful as in the case 
where the short conductor alone formed the circuit with the 
battery. Hence, the principal cause of the feebleness of the 
effect at the beginning of the battery current, is the adverse 
action on the helix of the secondary current produced in the 
conductor of the battery circuit itself. The shock at the 
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breaking of the circuit, in this experiment, did not appear af- 
fected by joining or separating the ends of coil No. 4. 

20. Having investigated the conditions on which the induc- 
tive action at the beginning of a battery current depends, 
experiments were next instituted to determine the nature of the 
effects produced by this induction: and first the coils were 
arranged in the manner described in my last paper (III. 79.), 
for producing currents of the different orders. The result 
with this arrangement was similar to that which I have de- 
scribed in reference to the ending induction, namely, currents 
of the third, fourth, and fifth orders were readily obtained. 

21. Also, when an arrangement of apparatus was made si- 
milar to that described in paragraph 87 of my last paper, it 
was found that a current of intensity could be induced from 
one of quantity and the converse. 

22. Likewise, the same screening or rather neutralizing 
effect was produced, when a plate of metal was interposed 
between two consecutive conductors of the series of currents, 
as was described (III. Section IV.) in reference to the ending 
induction, In short, the series of induced currents produced 
at the beginning of the primary current appeared to possess 
all the properties belonging to those of the induction at the 
ending of the same current. 

23. I may mention, in this place, that I have found, in the 
course of these experiments, that the neutralizing power of a 
plate of metal depends, in some measure, on its superficial 
extent. Thus a broad plate which extends, in every direc- 
tion, beyond the helix and coil, produces a more perfect 
screening than one of the same metal and of the same thick- 
ness, but of a diameter only a little greater than that of the coil. 

24. ‘The next step in the investigation was to determine the 
direction of the currents of the different orders produced by 
the beginning induction, and for this purpose the magnetizing 
spirals (5.) were used, and the results obtained by these veri- 
fied by the indications of the galvanometer. It should be 
stated here, as a fact which was afterwards found of some im- 
portance, that although the needle of the galvanometer was 
powerfully deflected when the instrument was placed in the 
circuit of the secondary current, yet a very feeble effect was 
produced on it by the action of a current of the third, fourth, 
or fifth order. ‘The directions, however, of these current, as 
indicated by the feeble motion of the needle, were the same 
as those given by the magnetizing spiral. 

25. ‘The direction of the different currents produced at the 
making of the battery current, as determined by these instru- 
ments, is as follows: namely, the direction of the secondary 



490 Prof. J. Henry’s Contributions 

current is, as stated by Dr. Faraday, adverse to that of the 
primary current, and, also, the direction of each succeeding 
current is opposite to that of the one which produced it. We 
have, therefore, from these results, and those formerly ob- 
tained (I{I. 92.), the following series of directions of currents, 
one produced at the moment of beginning, and the other at 
that of ending of the battery current. 

At the beginning, At the ending. 
Primary current . 2... +4 Waites a 
Secondary current . . . — eidee Ee 
Current of the third order. + sides eA 
Current of the fourth order — weaker 1 
Current of the fifth order . + era 

26. These two series, at first sight, may appear very dif- 
ferent, but, with a little attention, they will be seen to be of 
the same nature. If we allow that the induction at the end- 
ing of a galvanic battery should be opposite to that at the 
beginning of the same, then the sign at the top of the second 
column may be called minus instead of plus, and we shall 
have the second series —+— + alternating precisely like 
the first. 

27. In connexion with the results given in the last two 
paragraphs, it is due to Mr. Sturgeon that I should state that, 
in a letter addressed to me, and published in the Annals of 
Electricity, he has predicted, from his theory, that I would 
find, on examination, the series of alternation of currents for 
the beginning induction which I have here given. I may, 
however, add, that it appears to me that this result might 
have been predicted without reference to any theory. There 
was no reason to suppose the induction at the beginning 
would be different in its nature from that at the ending, and 
therefore the series which would be produced from the former 
might be immediately inferred from that belonging to the 
latter, by recollecting that the direction of the induction at 
the beginning should be opposite to that at the ending. Ido 
not wish it to be supposed, however, from this remark, that 
1 had, myself, drawn any inference from my experiments as 
to the alternations of currents which might be produced by the 
beginning induction ; the truth is, that this action was so fee- 
ble with the arrangement of apparatus I employed, that I 
supposed it could not produce a series of currents of the dif- 
ferent orders. 

28. In the course of the experiments given in this section, 
I have found that a shock can be produced without using a 
coil, by arranging about ten elements of the battery in the 
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form of a circle, and placing the helix within this. The shock 
was felt in the hands at the moment of closing the circuit, but 
the effect at opening the same was scarcely perceptible through 
the tongue. An attempt was also made to get indications of 
induction by placing the helix within a circle of dilute acid, 
connected with a battery instead of a coil, but the effect, if 
any, was very feeble. 

29. I have shown, in the second number of my contribu- 
tions, that if the body be introduced into a circuit with a bat- 
tery of one hundred and twenty elements, without a coil, a 
thrilling sensation will be felt during the continuance of the 
current, and a shock will be experienced at the moment of 
interrupting the current by breaking the circuit at any point. 
This result is evidently due to the induction of a secondary 
current in the battery itself, and on this principle the remark- 
able physiological effects produced by Dr. Ure, on the body 
of a malefactor, may be explained. The body, in these ex- 
periments, was made to form a part of the circuit, with a 
compound galvanic apparatus in which a series of interrup- 
tions was rapidly made by drawing the end of a conductor 
over the edges of the plates of the battery. By this opera- 
tion a series of induced currents must have been produced in 
the battery itself, the intensity of which was greater than that 
of the primary current. 

30. In this connexion I may mention that the idea has oc- 
curred to me, that the intense shocks given by the electrical 
fish may possibly be from a secondary current, and that the 
great amount of nervous organization found in these ani- 
mals may serve the purpose of a long conductor*.. It ap- 
pears to me, that in the present state of knowledge, this is the 
only way in which we can conceive of such intense electricity 
being produced in organs imperfectly insulated and immersed 
in a conducting medium. But we have seen that an original 
current of feeble intensity can induce, in a long wire, a se- 
condary current capable of giving intense shocks, although 
the several strands of the wire are separated from each other 
only by a covering of cotton thread. Whatever may be the 
worth of this suggestion, the secondary current affords the 
means of imitating the phenomena of the shock from the 
electrical ee!, as described by Dr. Faraday. By immersing 
the apparatus (Fig. 3.) in a shallow vessel of water, the handles 
being placed at the two extremities of the diameter of the 
helix, and the hands plunged into the water parallel to a line 
joining the two poles, a shock is felt through the arms; but 

* Since writing the above, I have found that M. Masson has suggested 
the same idea in an interesting thesis lately published. 
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when the contact with the water is made in a line at right 
angles to the last, only a slight sensation is felt in each hand, 
but no shock. 

31. Since the publication of my last paper, I have exhibited 
to my class the experiment (No. III. Sect. III.) relative to the 
induction at a distance on a much larger scale. All my coils 
were united so as to form a single length of conductor of 
about four hundred feet, and this was rolled into a ring of 
five and a half feet in diameter, and. suspended vertically 
against the inside of the large folding doors which separate 
the laboratory from the lecture-room. On the other side of 
the doors, in the lecture-room, and directly opposite the coil, 
was placed a helix, formed of upwards of a mile of copper 
wire, one-sixteenth of an inch in thickness, and wound into 
a hoop of four feet in diameter. With this arrangement, and 
a battery of one hundred and forty-seven square feet of zinc 
surface divided into eight elements, shocks were perceptible 
in the tongue, when the two conductors were separated, to 
the distance of nearly seven feet; at the distance of between 
three and four feet, the shocks were quite severe. The ex- 
hibition was rendered more interesting by causing the induc- 
tion to take place through a number of persons standing in a 
row between the two conductors. 

Secr. I].—On apparently two kinds of Electro-dynamic 
Induction. 

32. The investigations arranged under this head had their 
origin in the following circumstances. After the publication 
of my last paper, I received, through the kindness of Dr. 
Taraday, a copy of the fourteenth series of his researches, 
and in this I was surprised to find a statement which appeared 
in direct opposition to one of the principal facts of my com- 
munication. In paragraph 59, I state, in substance, that 
when a plate of metal is interposed between the coil trans- 
mitting a galvanic current, and the helix placed above it to 
receive the induction, the shock from the secondary current 
is almost perfectly neutralized. Dr. Faraday, in the exten- 
sion of his new and ingenious views of the agency of the in- 
termediate particles in transmitting induction, was led to make 
an experiment on the same point; and apparently, under the 
same circumstances, he found that it ‘* makes not the least 
difference, whether the intervening space between the two 
conductors is occupied by such insulating bodies as air, sul- 
phur, and shell-lac, or such conducting bodies as copper and 
other non-magnetic metals.” 

33. As the investigation of the fact mentioned above forms 
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an important part of my paper, and is intimately connected 
with almost all the phenomena subsequently described in the 
communication, I was, of course, anxious to discover the cause 

of so remarkable a discrepancy. ‘There could be no doubt 
of the truth of my results, since a shock from a secondary 
current which would paralyze the arms was so much reduced 
by the interposition of plates of metal, as scarcely to be felt 
through the tongue. 

34. After some reflection, however, the thought occurred 
to me that induction might be produced in such a way as not 
to be affected by the interposition of a plate of metal. To 
understand this, suppose the end of a magnetic bar placed 
perpendicularly under the middle of a plate of copper, and a 
helix suddenly brought down on this; an induced current 
would be produced in the helix by its motion towards the 
plate, since the copper, in this case, could not screen the 
magnetic influence. Now, if we substitute for the magnet a 
coil through which a galvanic current is passing, the effect 
should be the same. ‘The experiment was tried by attaching 
the ends of the helix to a galvanometer*, and the result was 
as I expected: when the coil was suddenly brought down 
on the plate the needle swung in one direction, and when 
lifted up, in the other; the amount of deflection being the same, 
whether the plate was interposed or not. 

35. It must be observed in this experiment, that the plate 
was at rest, and consequently did not partake of the induction 
produced by the motion of the helix. From my previous in- 
vestigations, I was led to conclude that a different result 
would follow, were a current also generated in the plate by 
simultaneously moving it up and down with the helix. This 
conclusion, however, was not correct, for on making the ex- 
periment, I found that the needle was just as much affected 
when the plate was put in motion with the helix as when the 
latter alone was moved. 

36. This result was so unexpected and remarkable, that it 
was considered necessary to repeat and vary the experiment 
in several ways. First, a coil was interposed instead of the 
plate, but whether the coil was at rest or in motion with the 
helix, with its ends separated or joined, the effect on the 
galvanometer was still the same; not the least screening 
influence could be observed. In reference to the use of 
the coil in this experiment, it will be recollected that I have 

* The arrangement will be readily understood by supposing in Fig. 3. 
the handles removed, and the ends of the helix joined to the ends of the 
wire of a galvanometer; also, by a plate of metal interposed between the 
helix and the coil. 
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found this article to produce a more perfect neutralization 
than a plate. 

37. Next, the apparatus remaining the same, and the helix 
at rest during the experiment, currents were induced in it 
by moving the battery attached to the coil up and down in 
the acid. But in this case, as in the others, the effect on the 
galvanometer was the same, whether the plate or the coil was 
interposed or not. 

38. The experiment was also tried with magneto-electricity. 
For this purpose, about forty feet of copper wire, covered 
with silk, were wound around a short cylinder of stiff paper, 
and into this was inserted a hollow cylinder of sheet copper, 
and into this again, a short rod of soft iron; when the latter 
was rendered magnetic, by suddenly bringing in contact with 
its two ends the different poles of two magnets, a current, of 
course, was generated in the wire, and this, as before, was 
found to affect the galvanometer to the same degree when 
the copper cylinder was interposed, as when nothing but the 
paper intervened. 

39. The last experiment was also varied by wrapping two 
copper wires of equal length around the middle of the keeper 
of a horse-shoe magnet, leaving the ends of the inner one 
projecting, and those of the outer attached to a galvanometer. 
A current was generated in each by moving the keeper on 
the ends of the magnet, but the effect on the galvanometer 
was not in the least diminished by joining the ends of the in- 
ner wire. 

40. At first sight, it might appear that all these results are 
at variance with those detailed in my last paper, relative to 
the effect of interposed coils and plates of metal. But it will 
be observed, that in all the experiments just given, the in- 
duced currents are not the same as those described in my last 
communication. They are all produced by motion, and have 
an appreciable duration, which continues as long as the mo- 
tion exists. They are also of low intensity, and thus far I 
have not been able to get shocks by any arrangement of ap- 
paratus from currents of this kind. On the other hand, the 
currents produced at the moment of suddenly making or 
breaking a galvanic current are of considerable intensity, and 
exist but for an instant. From these, and other facts pre- 
sently to be mentioned, I was led to suppose that there are 
two kinds of electro-dynamic induction; one of which can be 
neutralized by the interposition of a metallic plate between 
the conductors and the other not. 

41. In reference to this surmise, it became important to 
examine again all the phenomena of induction at suddenly 
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making and breaking a galvanic current*. And in connexion 
with this part of the subject, I will first mention a fact which 
was observed in the course of the experiments given in the 
last section, on the direction of the induced currents of dif- 
ferent orders. It was found, that though the indications of 
the galvanometer were the same as those of the spiral, in re- 
ference to the direction of the induced currents, yet they were 
very different in regard to the intensity of the action. Thus, 
when the arrangement of the apparatus was such that the in- 
duction at making the battery circuit was so feeble as not to 
give the least magnetism to the needle, and so powerful at the 
ending as to magnetize it to saturation, the indication of the 
galvanometer was the same in both cases. 

42. Also, similar results were obtained in comparing the 
shock and the deflection of the galvyanometer. In one expe- 
riment, for example, the shock was so feeble at making con- 
tact that it could scarcely be perceived in the fingers, but so 
powerful at the breaking of the circuit as to be felt in the 
breast; yet the galvanometer was deflected about thirty-five de- 
grees to the right, at the beginning of the current, and only an 
equal number of degrees to the left, at the ending of the same. 

43. In another experiment, the apparatus being the same 
as before, the magnetizing spiral and the galvanometer were 
both at once introduced into the circuit of the helix, A 
sewing needle being placed in the spiral, and the contact with 
the battery made, the needle showed no signs of magnetism, 
although the galvanometer was deflected thirty degrees. The 
needle being replaced, and the battery circuit broken, it was 
now found strongly magnetized, while the galvanometer was 
only moved about as much as before in the opposite direction. 

44. Also, effects similar to those described in the last two 
paragraphs were produced when the apparatus was so ar- 
ranged as to cause the induction at the beginning of the bat- 
tery current to predominate. In this case the galvanometer 
was still nearly equally affected at making and breaking bat- 
tery contact, or any difference which was observed could be 
referred to a variation in the power of the battery during the 
experiment. 

45. Another fact of importance belonging to the same class 
has been mentioned before (24.), namely, that the actions of 
the currents of the third, fourth, and fifth orders produce a 
very small effect on the galvanometer, compared with that of 
the secondary current; and this is not alone on account of the 
diminishing power of the successive inductions, as will be evi- 
dent from the following experiment. By raising the helix from 
* See my last paper in Lond, and Edinb. Phil. Mag., March 1840, p. 200, 
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the coil, in the arrangement of apparatus for the secondary 
current, the shock was so diminished as to be inferior to one 
produced by the arrangement for a tertiary current; yet, while 
with the secondary current the needle was deflected twenty-five 
degrees, with the tertiary it scarcely moved more than one de- 
gree; and with the currents of the fourth and fifth orders the 
deflections were still less, resembling the effect of a slight im- 
pulse given to the end of the needle. 

46. With the light obtained from the foregoing experi- 
ments, I was the more fully persuaded that some new and in- 
teresting results might be obtained by a re-examination of 
my former experiments, on the phenomena of the interposed 
plate of metal, in the case where the induction was produced 
by making and breaking the circuit with a cup of mercury ; 
and in this I was not disappointed. The coil (Fig. 3.) being 
connected with a battery of ten elements, the snocks, both at 
making and breaking the circuit, were very severe; and these, 
as usual, were almost entirely neutralized by the interposition 
of azine plate. But when the galvanometer was introduced 
into the circuit instead of the body, its indications were the 
same whether the plate was interposed or not; or, in other 
words, the galvanometer indicated no screening, while, under 
the same circumstances, the shocks were neutralized. 

47. A similar effect was observed when the galvanometer 
and the magnetizing spiral were together introduced into 
the circuit. ‘The interposition of the plate entirely neutra- 
lized the magnetizing power of the spiral, in reference to tem- 
pered steel, while the deflections of the galvanomeéter were 
unaffected. 

48. In order to increase the number of facts belonging to 
this class, the last experiments were varied in several ways ; 
and first, instead of the hard steel needle, one of soft iron 
wire was placed in the spiral, with a small quantity of iron 
filings almost in contact with one of its ends. The plate be- 
ing interposed, the small particles of iron were attracted by the 
end of the needle, indicating a feeble, temporary development 
of magnetism. Hence the current which moves the needle, 
and is not neutralized by the interposed plate, also feebly 
magnetizes soft iron, but not hard steel. 

49. Again, the arrangement of apparatus being as in para- 
graph 46, instead of a plate of zinc, one of cast iron, of about 
the same superficial dimensions, but nearly half an inch thick, 
was interposed ; with this the magnetizing power of the spiral, 
in reference to tempered steel, was neutralized; and, also, the 
action of the galvanometer was much diminished. 

50. Another result was obtained by placing in the circuit 
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of the helix (fig. 3.), at the same time, the galvanometer, the 
spiral, and a drop of distilled water ; with these the magneti- 
zing power of the spiral was the same as without the water, 
but the deflection of the galvanometer was reduced from ten 
to about four degrees. In addition to these, the body was 
also introduced into the same circuit; the shocks were found 
very severe, the spiral magnetized needles strongly, but the 
galvanometer was still less moved than before. The current 
of low intensity, which deflects the needle of the galvanome- 
ter in these instances, was partially intercepted by the imper- 
fect conduction of the water and the body. 

51. Toexhibit the results of these experiments with still 
more precision, an arrangement of apparatus was adopted 
similar to that used by Dr. Faraday, and described in the 
fourteenth series of his researches, namely, a double galvano- 
meter was formed of two separate wires of equal length and 
thickness, wound together on the same frame; and, also, a 
double magnetizing spiral was prepared by winding two equal 
wires around the same piece of hollow straw. Coil No. 1, 
connected with the battery, was supported perpendicularly on 
a table, and coils Nos. 3 and 4 were placed parallel to this, 
one on each side, to receive the induction, the ends of these 
being so joined with those of the galvanometer and the spiral 
that the induced current from the one coil would pass through 
the two instruments, in an opposite direction to that of the 
current from the other coil. ‘The two outside coils were then 
so adjusted, by moving them to and from the middle coil, that 
the induced currents perfectly neutralized each other in the two 
instruments, and the needle of the galvanometer and that in the 
spiral were both unaffected when the circuit of the battery 
was made and broken. With this delicate arrangement the 
slightest difference in the action of the two currents would be 
rendered perceptible ; but when a zine plate was introduced 
so as to screen one of the coils, the needle of the galvanome- 
ter still remained perfectly stationary, indicating not the least 
action of the plate, while the needle in the spiral became 
powerfully magnetic. When, however, 2 plate of iron was 
interposed instead of the one of zinc, the needle of the galva- 
nometer was also affected. 

52. From the foregoing results it would seem that the se- 
condary current, produced at the moment of suddenly begin- 
ning or ending of a galvanic current, by making and breaking 
contact with a cup of mercury, consists of two parts, which 
possess different properties. One of these is of low intensity, 
can be interrupted by a drop of water, does not magnetize 
hardened steel needles, and is not screened by the interposition 

Phil, Mag. 8, 3. Vol. 18, No. 119, Jung 1841, 2K 
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of a plate of any metal, except iron, between the conductors. 
The other part is of considerable intensity, is not intercepted 
by a drop of water, developes the magnetism of hardened steel, 
gives shocks, and is screened or neutralized by a closed coil, 
or a plate of any kind of metal. Also, the induced current 
produced by moving a conductor towards or from a battery 
current, and that produced by the movement up and down 
of a battery in the acid, are of the nature of the first-men- 
tioned part, while the currents of the third, fourth, and fifth 
orders partake almost exclusively of the properties of the se- 
cond part. —— 

58. The principal facts and conclusions of this section were 
announced to the Society in October 1839, and again pre- 
sented in the form in which they are here detailed in June 
last. Since then, however, I have had leisure to examine the 
subject more attentively, and after a careful comparison of 
these results with those before given, I have obtained the 
more definite views of the phenomena which are given in the 
next section. 

Secr. IlI.— Theoretical Considerations relating to the Pheno- 
mena described in this and the preceding Communications. 
Read November 20, 1840. 

54. The experiments given in the last No. of my contribu- 
tions were merely arranged under different heads, and only 
such inferences drawn from them as could be immediately de- 
duced without reference to a general explanation. The ad- 
dition, however, which I have since made to the number of 
facts, affords the means of a wider generalization; and after 
an attentive consideration of all the results given in this and 
the preceding papers, I have come to the conclusion that they 
can all be referred to the simple laws of the induction at the 
beginning and the ending of a galvanic current. 

55. In the course of these investigations the limited hypo- 
theses which I have adopted have been continually modified 
by the development of new facts, and therefore my present 
views, with the further extension of the subject, may also re- 
quire important corrections. But I am induced to believe, 
from its exact accordance with all the facts, so far as they 
have been compared, that if the explanation I now venture 
to give be not absolutely true, it is so, at least, in approxima- 
tion, and will therefore be of some importance in the way of 
suggesting new forms of experiment, or as a first step towards 
a more perfect generalization. 

5G. To render the laws of induction at the beginning and 
the ending of a galvanic current more readily applicable to 
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the explanation of the phenomena, they may be stated as fol- 
lows :—1. During the time a galvanic current is increasing in 
quantity in a conductor, it induces, or tends to induce, a current 
in an adjoining parallel conductor in an opposite direction to 
itself. 2. During the continuance of the primary current in 
full quantity, no inductive action is exerted. 3. But when 
the same current begins to decline in quantity, and during 
the whole time of its diminishing, an induced current is pro- 
duced in an opposite direction to the induced current at the 
beginning of the primary current. 

57. In addition to these laws, I must frequently refer to the 
fact, that when the same quantity of electricity in a current of 
short duration is passed through a galvanometer, the deflecting 
JSorce on the needle is the same, whatever be the intensity of the 
electricity. By intensity is here understood the ratio of a 
given quantity of force to the time in which it is expended* ; 
and according to this view, the proposition stated is an evi- 
dent inference from dynamic principles. But it does not. rest 
alone on considerations of this kind, since it has been proved 
experimentally by Dr. Faraday, in the third series of his re- 
searches. 

58. In order to form a definite conception of the several 
conditions of the complex phenomena which we are about to 
investigate, I have adopted the method often employed in 
physical inquiries, of representing the varying elements of 
action by the different parts of a curve. This artifice has 
been of much assistance to me in studying the subject, and 
without the use of it at present, 1 could scarcely hope to pre- 
sent my views in an intelligible manner to the Society. 

59. After making these preliminary statements, we will now 
proceed to consider the several phenomena; and, first, let 
us take the case in which the induction is most obviously 
produced in accordance with the laws as above stated (56.), 
namely, by immersing a battery into the acid, and also by 
withdrawing it from the same. During the time of the de- 
scent of the battery into the liquid, the conductor connected 
with it is constantly receiving additional quantities of current 
electricity, and each of these additions produces an inductive 
action on the adjoining secondary conductor. ‘Lhe amount, 
therefore, of induced current produced during any moment of 
time will be just in proportion to the corresponding increase 
in the current of the battery during the same moment. Also, 
the amount of induction during any moment while the cur- 

. 

* Or more correctly Yip) the ratio of two quantities of the same 
species representing the force and time. 

2K2 
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rent of the battery is diminishing in quantity will be in pro- 
portion to the decrease during the same moment. 

60. The several conditions of this experiment may be re- 
presented by the different parts of the curve, A, B, C, D, 
fig. 17, in which the distances, Aa, Ab, Ac, represent the 
times during which the battery is descending to different 
depths into the acid ; and the corresponding ordinates, a g, bh, 
c B, represent the amount of current electricity in the battery 
conductor corresponding to these times. The differences of 
the ordinates, namely, ag, mh, n B, express the increase in 
the quantity of the battery current during the corresponding 
moments of time represented by A a, ab, bc; and since the 
inductive actions (59.) are just in proportion to these increases, 
the same differences will also represent the amount of in- 
duced action exerted on the secondary conductor during the 
same moment of time. 

Fig. 17. 

61. When the battery is fully immersed in the acid, or 
when the current in the conductor has reached its state of 
maximum quantity, and during the time of its remaining con- 
stant, no induction is exerted ; and this condition is expressed 
by the constant ordinates of the part of the curve B C, parallel 
to the axis. Also, the inductive action produced by each di- 
minution of the battery current, while the apparatus is in the 
progress of being drawn from the acid, will be represented 
by the differences of the ordinates at the other end, C D, of 
the curve. 

62. The sum of the several increments of the battery cur- 
rent, up to its full development, will be expressed by the or- 
dinate c B, and this will, therefore, also represent the whole 
amount of inductive action exerted in one direction at the 
beginning of the primary current; and, for the same reason, 
the equal ordinate, C d, will represent the whole induction in 
the other direction at the ending of the same current. Also, 
the whole time of continuance of the inductive action at the 
beginning and ending will be represented by A ¢ and d D. 

63. If we suppose the battery to be plunged into the acid 
to the same depth, but more rapidly than before, then the 
time represented by Ac will be diminished, while the whole 
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amount of inductive force expended remains the same ; hence, 
since the same quantity of force is exerted in a less time, a 
greater intensity of action will be produced (57.), and con- 
sequently a current of more intensity, but of less duration, 
will be generated in the secondary conductor. The intensity 
of the induced currents will, therefore, evidently be expressed 
by the ratio of the ordinate cB to the abscissa Ac. Or, in 
more general and definite terms, the intensity of the induc- 
tive action at any moment of time will be represented by the 
ratio of the rate of increase of the ordinate to that of the 
abscissa for that moment*. 

64. It is evident from the last paragraph, that the greater 
or less intensity of the inductive action will be immediately 
presented to the eye, by the greater or less obliquity of the 
several parts of the curve to the axis. Thus, if the battery be 
suddenly plunged into the acid for a short distance, and then 
gradually immersed through the remainder of the depth, the 
varying action will be exhibited at once by the form of A B, 
the first part of the curve, fig. 17. The steepness of the part 
A g will indicate an intense action for a short time A a, while 
the part g B denotes a more feeble induction during the time 
represented by ac. In the same way, by drawing up the 
battery suddenly at first, and afterwards slowly, we may pro- 
duce an inductive action such as would be represented by the 
parts between C and D of the ending of the curve. 

65. Having thus obtained representations of the different 
elements of action, we are now prepared to apply these to 
the phenomena. And, first, however varied may be the in- 
tensity of the induction expressed by the different parts of 
the two ends of the curve, we may immediately infer that a 
galvanometer, placed in the circuit of the secondary conduc- 
tor, will be equally affected at the beginning and ending of 
the primary current; for, since the deflection of this instru- 
ment is due to the whole amount of a current, whatever may 
be its intensity (57.), and since the ordinates c B and Cd are 
equal, which represent the quantity of induction in the two 
directions, and, consequently, the amount of the secondary 
current, therefore the deflection at the beginning and ending 
of the battery current will, in all cases, be equal. This in- 
ference is in strict accordance with the results of experiment ; 

* According to the differential notation, the intensity will be expressed 

by os In some cases the effect may be proportional to the intensity mul- 
ie 

tiplied by the quantity, and this will be expressed by oo wv and y repre- 
v 

senting, as usual, the variable abscissa and ordinate. 
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for, however rapidly or slowly we may plunge the battery 
into the acid, and however irregular may be the rate at which 
it is drawn out, still if the whole effect be produced within the 
time of one swing of the needle, the galvanometer is deflected 
to an equal degree. 

66. Again, the intensity of one part of the inductive action, 
for example that represented by A g, may be supposed to be 
so great as to produce a secondary current capable of pene- 
trating the body, and of thus producing a shock* while the 
other parts of the action, represented by g B and C D, are 
so feeble as to affect the galvanometer only. We would then 
have a result the same as one of those given in the last sec- 
tion (42.), and which was supposed to be produced by two 
kinds of induction; for if the shock were referred to as the 
test of the existence of an induced current, one would be 
found at the beginning only of the battery current, while, if 
the galvanometer were consulted, we would perceive the ef- 
fects of a current as powerful at the ending as at the begin- 
ning. 

67. The results mentioned in the last paragraph cannot be 
obtained by plunging a battery into the acid; the formation 
of the current in this way is not sufficiently rapid to produce 
a shock. The example was given to illustrate the manner in 
which the same effect is supposed to be produced, in the case 
of the more sudden formation of a current, by plunging one 
end of the conductor into a cup of mercury permanently at- 
tached to a battery already in the acid, and in full operation. 
The current, in this case, rapid as may be its development, 
cannot be supposed to assume per saltum its maximum state 
of quantity; on the contrary, from the general law of con- 
tinuity, we would infer that it passes through all the interme- 
diate states of quantity, from that of no current, if the ex- 
pression may be allowed, to one of full development; there 
are, however, considerations of an experimental nature which 
would lead us to the same conclusion (18, 90.), and also to 
the further inference that the decline of the current is not in- 
stantaneous. According to this view, therefore, the inductive 
actions at the beginning and the ending of a primary current, 
of which the formation and interruption is effected by means 
of the contact with a cup of mercury, may also be represented 
by the several parts of the curve, fig. 17. 

68. We have now to consider how the rate of increase or 
diminution of the current, in the case in question, can be al- 
tered by a change in the different parts of the apparatus ; 

* The shock depends more on the intensity than on the quantity. See 
paragraph 13. 
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and, first, let us take the example of a single battery and a 
short conductor, making only one or two turns around the 
helix; with this arrangement a feeble shock, as we have seen 
(11.), will be felt at the making, and also at the breaking of 
the circuit. In this case it would seem that almost the only 
impediment to the most rapid development of the current 
would be the resistance to conduction of the metal; and this 
we might suppose would be more rapidly overcome by in- 
creasing the tension of the electricity; and, accordingly, we 
find, that if the number of the elements of the battery be in- 
creased, the shock at making the circuit will also be increased, 
while that at breaking the circuit will remain nearly the same. 
To explain, however, this effect more minutely, we must call 
to mind the fact before referred to (17.), that when the poles 
of a compound battery are not connected, the apparatus ac- 
quires an accumulation of electricity, which is discharged at 
the first moment of contact, and which in this case would 
more rapidly develope the full current, and hence produce 
the more intense action on the helix at making the circuit. 

69. The shock, and also the deflection of the needle, at 
breaking the circuit with a compound battery and a short coil 
(9.), appears nearly the same as with a battery of a single ele- 
ment, because the accumulation just mentioned, in the com- 
pound battery, is discharged almost instantly, and, according 
to the theory (71.) of the galvanic current, leaves the con- 
stant current in the conductor nearly in the same state of 
quantity as that which would be produced by a battery of a 
single element; and hence the conditions of the ending of the 
current are the same in both cases. Indeed, in reference to 
the ending induction, it may be assumed as a fact which is in 
accordance with all the experiments (9, 13, 73, 74, 75, 76, 
&c.), as well as with theoretical considerations*, that when 
the circuit is broken by a cup of mercury, the rate of the diminu- 
tion of the current, within certain limits, remains the same, 
however the intensity of the electricity or the length of the con- 
ductor may be varied. 

Fig. 18. 
B 

_ + 
A b c D 

70. The several conditions of the foregoing examples are 
exhibited by the parts of the curves, figs. 18 and 19. The 

* See the theory of Ohm.—Taylor’s Scientific Memoirs, vol. i. p. 312, 
511, and vol. ii. p. 401. 
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gradual development of the current in the short conductor, 
with a single battery, and the gradual decline of the same, 
are represented by the gentle rise of A B and fall of C D, 
fig. 18; while, in the next fig. (19.), the sudden rise of A B 
indicates the intensity which produces the increased shock, 
after the number of elements of the battery has been increased. 
The accumulation of the electricity, which almost instantly 
subsides, is represented by the part Bee, fig. 19; and from 
this we see, at once, that although the shock is increased by 
using the compound battery, yet the needle of the galvano- 
meter will be deflected only to the same number of degrees, 
since the parts Be and ce give inductive actions in contrary 
directions, and both within the time of a single swing of the 
needle, and, consequently, will neutralize each other. ‘The 
resulting deflecting force will, therefore, be represented by 
ef; which is equal to C4, or to dB, in fig. 18. 

Cc Fig. 19. 

Abd f k D 
The intensity of the shock at the breaking is represented 

as being the same in the two figures, by the similarity of the 
rate of descent of the part C D of the’curve in each. 

71. We have said (69.) that the quantity of current elec- 
tricity in a short conductor and a compound battery, after the 
first discharge, is nearly the same as with a single battery. 
The exact quantity, according to the theory of Ohm, in a 
unit of length of the conductor, is given by the formula 

nA 

ra +R° 

In this 2 represents the number of elements; A, the elec- 
tromotive force of one element; 7, the resistance to conduc- 
tion of one element; and R, the length of the conductor, or 
rather its resistance to conduction in terms of 7 Now, when 
R is very small, in reference to 7”, as is the case with a very 
short metallic conductor, it may be neglected, and then the 
expression becomes 

ip: 
a oO e 

rn r 
and since this expresses the quantity of current electricity in 
a unit of the length of the circuit, with either a single or a 
compound battery, therefore, with a short conductor, the quan- 
tity of current electricity in the two cases is nearly the same. 

’ 
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72. Let us next return to the experiment with a battery 
of a single element (68.), and instead of increasing the in- 
tensity of the apparatus, as in the last example, let the length 
of the conductor be increased; then the intensity of the 
shock at the beginning of the current, as we have seen (14.), 
will be diminished, while that of the one at the ending will be 
increased. That the shock should be lessened at the begin- 
ning, by increasing the length of the conductor, is not sur- 
prising, since, as we might suppose, the increased resistance 
to conduction would diminish therapidity of the development 
of the current. But the secondary current, which is pro- 
duced in the conductor of the primary current itself, as we have 
seen (19.), is the principal cause which lessens the intensity 
of the shock, and the effect of this, as will be shown hereafter, 
may also be inferred from the principles we have adopted. 

73. The explanation of the increased shock at the moment 
of breaking the circuit with the long conductor, rests on 
the assumption before mentioned (69.), that the velocity of the 
diminution of a current is nearly the same in the case of a 
long conductor as in that of a short one. But, to understand 
the application of this principle more minutely, we must refer 
to the change which takes place in the quantity of the current 
in the conductor by varying its length; and this will be given 

by another application of the formula before stated (71.). 
This, in the case of a single battery, in which equals unity, 
becomes 

A . 

r+ R’ 

and since this, as will be recollected, represents the quantity 
of current electricity in a unit of length; of the conductor, we 
readily infer from it that, by increasing the length of the con- 
ductor, or the value of R, the quantity of current in a unit of 
the length is lessened. And if the resistance of a unit of the 
length of the conductor were very great in comparison with 
that of 7 (the resistance of one element of the battery), then 
the formula would become 

A 
Re, 

or the quantity in a single unit of the conductor would be in- 
versely as its entire length, and hence the amount of current 
electricity in the whole conductor would be a constant quan- 
tity, whatever might be its length. This, however, can never 
be the case in any of our experiments, since in no instance is 
the resistance of R very great in reference to 7, and therefore, 
according to the formula (73.), the whole quantity of current 
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electricity in a long conductor is always somewhat greater than 
in a short one. 

74. Let us, however, in order to simplify the conditions of 
the induction at the ending of a current, suppose that the 
quantity in a unit of the conductor is inversely as its whole 
length, or, in other words, that the quantity of current elec- 
tricity is the same in a long conductor as in a short one ; and 
let us also suppose, for an example, that the length of the spiral 
conductor, fig. 3, was increased from one spire to twenty 
spires ; then, if the velocity of the diminution of the section of 
the current is the same (69.) in the long conductor as in the 
short one, the shock which would be received by submitting 
the helix to the action of one spire of the long coil would be 
nearly of the same intensity as that from one spire of the short 
conductor; the quantity of induction, however, as shown by 
the galvanometer, should be nearly twenty times less; and 
these inferences I have found in accordance with the re- 
sults of experiments (75.). If, however, instead of placing the 
helix on one spire of the long conductor, it be submitted at 
once to the influence of all the twenty spires, then the inten- 
sity of the shock should be twenty times greater, since twenty 
times the quantity of current electricity collapses, if we may 
be allowed the expression, in the same time, and exerts at once 
all its influence on the helix. If, in addition to this, we add 
the consideration, that the whole quantity of current electricity 
in a long conductor is greater than that in a short one (73.), 
we shall have a further reason for the increase of the terminal 
shock, when we increase the length of the battery conductor. 

75. The inference given in the last paragraph, relative to 

the change in the quantity of the induction, but not in the in- 
tensity of the shock from a single spire, by increasing the 
whole length of the conductor, is shown to be true by repeat- 

ing the experiment described in paragraph 13. In this, as we 

have seen, the intensity of the shock remained the same, al- 
though the length of the circuit was increased by the addition 
of coil No. 2. When, however, the galvanometer was em- 

ployed in the same arrangement, the whole quantity of in- 
duction, as indicated by the deflection of the needle, was di- 

minished almost in proportion to the increased length of the 

circuit. Iwas led to make this addition to the experiment 
(13.) by my present views. 

76. The explanation given in paragraph 74 also includes 

that of the peculiar action of a long conductor, either coiled 

or extended, in giving shocks and sparks from a battery of a 

single element, discovered by myself in 1831 (see Contrib. 

No. II.). The induction, in this case, takes place in the con- 
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ductor of the primary current itself, and the secondary current 
which is produced is generated by the joint action of each unit 
of the length of the primary current. Let us suppose, for il- 
lustration, that the conductor was at first one foot long, and 
afterwards increased to twenty feet. In the first case, because 
the short conductor would transmit a greater quantity of elec- 
tricity, the secondary current produced by it would be one of 
considerable quantity or power to deflect a galvanometer ; but 
it would be of feeble intensity, for although the primary cur- 
rent would collapse with its usual velocity (69.), yet, acting on 
only a foot of conducting matter, the effect (74.) would be feeble. 
In the second case, each foot of the twenty feet of the primary 
current would severally produce an inductive action of the same 
intensity as that of the short conductor, the velocity of collap- 
sion being the same; and as they are all at once exerted on the 
same conductor, a secondary current would result, of twenty 
times the intensity of the current in the former case. 

77. To render this explanation more explicit, it may be 
proper to mention, that a current produced by an induction 
on one part of a long conductor of uniform diameter, must 
exist, of the same intensity, in every other part of the con- 
ductor; hence the action of the several units of length of the 
primary current must enforce each other, and produce the 
same effect on its own conductor that the same current would 
if it were in a coil, and acting on a helix. I need scarcely 
add, that in this case, as in that given in paragraph 74, the 
whole amount of inducticn is greater with the long conductor 
than with the short one, because the quantity of current elec- 
tricity is greater in the former than in the latter. 

78. We may next consider the character of the secondary 
current, in reference to its action in producing a tertiary cur- 
rent in a third conductor. The secondary current consists, 
as we may suppose, in the disturbance, for an instant, of the 
natural electricity of the meta!, which, subsiding, leaves the 
conductor again in its natural state; and whether it is pro- 
duced by the beginning or ending of a primary current, its 
nature, as we have seen (22.), is the same. Although the time 
of continuance of the secondary current is very short, still we 
must suppose it to have some duration, and that it increases, 
by degrees, to a state of maximum development, and then di- 
minishes to the normal condition of the metal of the conduc- 
tor; the velocity of its development, like that of the primary 
current, will depend on the intensity of the action by which it 
is generated, and also, perhaps, in some degree, on the resist- 
ance of the conductor; while, agreeably to the hypothesis we 
have assumed (69.), the velocity of its diminution is nearly a 
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constant quantity, and is not affected by changes in these con- 

ditions; hence, if we suppose the induction which produces 

the secondary current to be sufficiently intense, the velocity of 

its development will exceed that of its diminution, as in the 

example of the primary current from the intense source of 

the compound battery of many elements. Now this is the 

case with the inductions which produce currents of the dif- 

ferent orders, capable of giving shocks or of magnetizing steel 

needles: the secondary currents from these are always of con~ 

siderable intensity, and hence their rate of development must 

be greater than that of their diminution; and, consequently, 

they may be represented by a curve of the form exhibited in 

fig. 20, in which there is no constant part, and in which the 
3 steepness of A B is greater 

Fig. 20. than that of BC. There 
B are, however, other con- 

vee - siderations, which will be 
/ | por noticed hereafter (89.), 
ri: C which may affect the form 

of the part B C of the 
curve, fig. 20, rendering it still more gradual in its descent, 
or, in other words, which tend to diminish the intensity of the 
ending induction of the secondary current. 

79. It will be seen at once, by an inspection of the curve, 
that the effect produced, in a third conductor, and which we 
have called a tertiary current, is not of the same nature as that 
of a secondary current. Instead of being a single develop- 
ment in one direction, it consists of two instantaneous cur- 
rents, one produced by the induction of A B, and the other, 
by that of B C, in opposite directions, of equal quantities, but 
of different intensities. ‘he whole quantity of induction in 
the two directions will each be represented by the ordinate 
B b, and hence they will nearly neutralize each other, in re- 
ference to their action on the galvanometer, in the circuit of 
the third conductor. I say, they will xearly neutralize each 
other, because, although they are equal in quantity, they do 
not both act in absolutely the same moment of time. The 
needle will, therefore, be slightly affected: it will be impelled 
in one direction, say to the right, by the induction of A B; 
but before it can get fairly under way, it will be arrested, and 
turned in the other direction, by the action of BC. This in- 
ference is in strict accordance with observation: the needle, 
as we have seen (24.), starts from a state of rest, with a velo- 
city which, apparently, would send it through a large arc; but 
before it has reached, perhaps, more than half a degree, it 
suddenly stops, and turns in the other direction. As the 
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needle is first affected by the action of A B, it indicates a cur- 

rent in the adverse direction to the secondary current. 

80. Although the two inductions in the tertiary conductor 

nearly neutralize each other, in reference to the indications of 

the galvanometer, yet this is far from being the case with re- 

gard to the shocks, and the magnetization of steel needles. 

These effects may be considered as the results alone of the 

action of A B; the induction of B C being too feeble in inten- 

sity to produce a tertiary current of sufficient power to pene- 

trate the body, or overcome the coercive power of the hard- 

ened steel. Hence, in reference to the shock and magneti- 

zation of the steel needle, we may entirely neglect the action 

of BC, and consider the tertiary excitement as a single cur- 

rent, produced by the action of A B; and, because this is the 

beginning induction (56.), the tertiary current must be in an 

opposite direction to the secondary. For a similar reason, a 

current of the third order should produce in effect a single 

current of the fourth order, in a direction opposite to that of 

the current which produced it, and so on: we have here, there- 

fore, a simple explanation of the extraordinary phenomenon 

of the alternation of the directions of the currents, of the dif- 

ferent orders, as given in this and the preceding paper. See 

paragraph 25. 
81. The operation of the interposed plate (32, 47, 48, &c.), 

in neutralizing the shock, and not affecting the galvanometer, 

can also be readily referred to the same principles. It is cer- 

tain that an induced current is produced in the plate (III. 64.), 

and that this must react on the secondary in the helix; but 

it should not alter the total amount of this current, since, for 

example, at the ending induction, the same quantity of cur- 

rent is added to the helix, while the current in the plate is 

decreasing, as is subtracted while the same current is increas- 

ing. ‘To make this more clear, let the inductive actions of 

the interposed current be represented by the parts of the 

curve, fig. 20. The induction represented by A B will re- 

act on the current in the helix, and diminish its quantity, by 

an amount represented by the ordinate ) B; but the induc- 

tion represented by B C will act, in the next moment, on the 

same current, and increase its quantity by an equal amount, 

as represented by the same ordinate Bd; and since both ac- 

tions take place within a small part of the time of a single 

swing of the needle, the whole deflection will not be altered, 

and consequently, as far as the galvanometer is concerned, 

the interposition of the plate will have no perceptible effect. 

82. But the action of the plate on the shock, and on the 

magnetization of tempered steel, should be very different ; 
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for although the quantity of induction in the helix may not 
be changed, yet its intensity may be so reduced, by the ad- 
verse action of the interposed current, as to fall below that 
degree which enables it to penetrate the body, or overcome 
the coercive force of the steel. To understand how this may 
be, let us again refer, for example, to the induction which 
takes place at the ending of a battery current: this will pro- 
duce, in both the helix and the plate, a momentary current, 
in the direction of the primary current, which we have called 
plus; the current in the plate will react on the helix, and tend 
to produce in it two inductions, which, as before, may be re- 
presented by AB and BC of the curve, fig. 20; the first 
of these, A B, will be an intense action (78.), in the minus 
direction, and will therefore tend to neutralize the intense 
action of the primary current on the helix; the second (B C) 
will add to the helix an equal quantity of induced current, but 
of a much more feeble intensity, and hence the resulting cur- 
rent in the helix will not be able to penetrate the body; no 
shock will be perceived, or at least a very slight one, and the 
phenomena of screening will be exhibited. 

83. When the plate of metal is placed between the con- 
ductors of the second and third orders, or between those of 
the third and fourth, the action is somewhat different, although 
the general principle is the same. Let us suppose the plate 
interposed between the second and third conductors; then the 
helix, or third conductor, will be acted on by four inductions, 
two from the secondary current and two from the current in 
the plate. The direction and character of these will be as 
follows, on the supposition that the direction of the secondary 
current is itself plus : 

The beginning secondary ... intense and ... minus. 
The ending secondary ..... feeble and.... plus. 
The beginning interposed ... intense and ... plus. 
The ending interposed ..... feeble and.... minus. 

Now if the action, on the third conductor, of the first and 
third of the above inductions be equal in intensity and quan- 
tity, they will neutralize each other; and the same will also 
take place with the action of the second and fourth if they 
be equal, and hence, in this case, neither shock nor motion of 
the needle of the galvanometer would be produced. If these 
inductions are not precisely equal, then only a partial neutra- 
lization will take place, and the shock will only be diminished 
in power; and, also, perhaps, the needle will be very slightly 
affected. 

84. If, in the foregoing exposition, we throw out of con- 
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sideration the actions of the feeble currents which cannot pass 
the body, and, consequently, are not concerned in producing 
the shock, then the same explanation will still apply which 
was given in the last paper (III. 94.); namely, in the above 
example, the helix is acted on by the minus influence of the 
secondary, and the plus influence of the interposed current. 

85. We are now prepared to consider the effect cn the 
helix (fig. 3.) of the induced currents produced in the con- 
ductor of the primary current itself. These are true second- 
ary currents, and are almost precisely the same in their ac- 
tion as those in the interposed plate. Let us first examine 
the induced current at the beginning of the primary, in the 
case of a long coil and a battery of a single element; its ac- 
tion on the helix may be represented by the parts of the curve, 
fig. 20. The first part, A B, will produce an intense induc- 
tion opposite to that of the primary current; and hence the 
action of the two will tend to neutralize each other, and no 
shock, or a very feeble one, will be produced. The ending 
action of the same induced current, which is represented by 
B D, restores to the helix the same quantity of current elec- 
tricity (but in a feeble state) which was neutralized by A B, 
and hence the needle of the galvanometer will be as much af- 
fected as if this current did not exist. ‘These inferences per- 
fectly agree with the experiment given in paragraph 19. In 
this, when the ends of the interposed coil were joined so as 
to neutralize the induced current in the long conductor, the 
shock at the beginning of the primary current was nearly as 
powerful as with a short conductor, while the amount of de- 
flection of the galvanometer was unaffected by joining the 
ends of the same coil. 

86. At first sight it might appear that any change in the 
apparatus which might tend to increase the induction of the 
primary current (16.) would also tend to increase, in the same 
degree, the adverse secondary in the same conductor; and 
that hence the neutralization mentioned in the last paragraph 
would take place in all cases; but we must recollect, that if a 
more full current be suddenly formed in a conductor of a given 
thickness, the adverse current will not have, as it were, as 
much space for its development, and, therefore, will have less 
power in neutralizing the induction of the primary than be- 
fore. But there is another, and, perhaps, a better reason, in 
the consideration, that in the case of the increase of the num- 
ber of elements of the battery, although the rapidity of the 
development of the primary current is greater, yet the in- 
creased resistance which the secondary meets with, in its mo- 
tion against the action of the several elements, will tend to 
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diminish its effect. Also, by diminishing the length of the 
primary current, we must diminish (76.). the intensity of the 
secondary, so that it will meet with more resistance in passing 
the acid of the single battery, and thus its effects be dimi- 
nished. 

87. The action of the secondary current, in the long coil 
at the ending of the primary current, should also, at first 
sight, produce the same screening influence as the current in 
the interposed plate; but, on reflection, it will be perceived 
that its action in this respect must be much more feeble than 
that of the similar current at the beginning; the latter is pro- 
duced at the moment of making contact, and hence it is pro- 
pagated in a continuous circuit of conducting matter, while 
the other takes place at the »upture of the circuit, and must 
therefore be rendered comparatively feeble by being obliged 
to pass through a small portion of heated air; very little effect 
is therefore produced on the helix by this induction (19.). 
The fact that this current is capable of giving intense shocks, 
when the ends of a long wire, which is transmitting a primary 
current, are grasped at the time of breaking the circuit, is 
readily explained, since, in this case, the body forms, with the 
conductor, a closed circuit, which permits the comparatively 
free circulation of the induced current. 

88. It will be seen that I have given a peculiar form to the 
beginning and ending of the curves, figs. 17, 18, &c. ‘These 
are intended to represent the variations which may be sup- 
posed to take place in the rate of increase and decrease of the 
quantity of the current, even in the case where the contact is 
made and broken with mercury. We may suppose, from the 
existence of analogous phenomena in magnetism, heat, &c., 
that the development of the current would be more rapid at 
first than when it approximates what may be called the state 
of current saturation, or when the current has reached more 
nearly the limit of capacity of conduction of the metal. Also, 
the decline of the current may be supposed to be more rapid 
at the first moment than after it has lost somewhat of its in- 
tensity, or sunk more nearly to its normal state. ‘These varia- 
tions are indicated by the rapid rise of the curve, fig. 17, from 
A tog, and the more gradual increase of the ordinates from 
to B; and by the rapid diminution of the ordinates between 
C and /, and the gradual decrease of those towards the end of 
the curve. 

89. These more minute considerations, relative to the form 
of the curve, will enable us to conceive how the time of the 
ending of the secondary current, as we have suggested (78.), 
may be prolonged beyond that of the natural subsidence of 
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the disturbance of the electricity of the conductor on which 
this current depends. If the development of the primary cur- 
rent is produced by equal increments in equal times, as would 
be the case in plunging the battery (59.) into the acid with a 
uniform velocity, then the part A B of the curve fig. 17 would 
be a straight line, and the resulting secondary current, after 
the first instant, would be one of constant quantity during 
nearly the whole time represented by Ac; but if the rate of 
the development of the primary current be supposed to vary 
in accordance with the views we have given in the last para- 
graph, then the quantity of the secondary current will begin 
to decline before the termination of the induction, or as soon 
as the increments of the primary begin to diminish; and hence 
the whole time of the subsidence of the secondary will be pro- 
longed, or the length of JC, fig. 20, will be increased, the 
descent of BC be more gradual, and the intensity of the end- 
ing induction of the secondary current be diminished (see 
last part of paragraph 78.). 

90. Besides the considerations we have mentioned (88.), 
there are others of a more obvious character, which would also 
appear to affect the form of particular parts of the curve. And 
first we might perhaps make a slight correction in the drawing 
of figs. 17, 18, &c., at the point A, in consideration of the 
fact that the very first contact of the end of the conductor with 
the surface of the mercury is formed by a point of the metal, 
and hence the increment of development should be a little less 
rapid at the first moment than after the contact has become 
larger; or in other words, the curve should perhaps start a 
little less abruptly from the axis at the point A. Also Dr. 
Page has stated* that he finds the shock increased by spread- 
ing a stratum of oil over the surface of the mercury; in this 
case it is probable that the termination of the current is more 
sudden, on account of the prevention of the combustion of the 
metal by means of the oil, and the fact that the end of the con- 
ductor is drawn up into a non-conducting medium. 

91. The time of the subsidence of the current, when the cir- 
cuit is broken by means of a surface of mercury, is very small, 
and probably does not exceed the ten thousandth part of a se- 
cond ; but even this is an appreciable duration, since [ find that 
the spark at the ending presents the appearance of a band of 
light of considerable Jength, when viewed in a mirror revol- 
ving at the rate of six hundred times in a second; and [ think 
the variations in the time of ending of the current under dif- 
ferent conditions may be detected by means of this instrument. 

92. Before concluding this communication, I should state 

* Silliman’s Journal. 
Phil. Mag. S. 3. Vol. 18. No. 119. June 1841. 2L 
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that I have made a number of attempts to verify the sugges 
tion given in my last paper (III. 127.), that an inverse induc 
tion is produced by a galvanic current by a change in the di- 
stance of the conductors, but without success. These attempts 
were made before I had adopted the views given in this sec- 
tion, and since then I have found (80.) a more simple expla- 
nation of the alternation of the currents. 

93. In this Number of my Contributions, the phenomena 
exhibited by the galvanic apparatus have alone been discussed. 
I have, however, made a series of experiments on the induc- 
tion from ordinary electricity, and the reaction of soft iron on 
currents, and I think that the results of these can also be re- 
ferred to the simple principles adopted in this paper; but they 
require further examination before submitting them to the 
public. 
[Prof. Henry’s 3rd Series appeared in L. & E. Phil. Mag. vol. xvi. p. 200). 

LXXVII. Correction of an Error in Prof. Dove’s Letter on 
the Law of Storms. By Sir Davip Brewster, K.H. 

To Richard Taylor, Esq. 
Dear Sir, 

I OBSERVE in the Philosophical Magazine for November 
1840, a letter addressed to you on the Law of Storms, 

which contains the following passage :— 
«In an article upon Lieut.-Colonel Reid’s law of storms 

in the Edinburgh Review, I find my meteorological researches 
again alluded to, but upon a distinct ground. The anony- 
mous Reviewer, in his patriotic anxiety to satisfy his readers 
of the purely British growth of this theory, allows that some 
remarkable passages upon the subject had previously appeared 
in the memoirs of the Berlin Professor, but that these are 
mere ingenious speculations, for they are no more. ‘The term 
passage, for a memoir (on barometric minima) of seven- 
teen closely printed pages, strikes me as a little extraordinary, 
but perhaps this arises from my imperfect acquaintance with 
the nice distinctions of your language. I leave it to my En- 
glish readers to determine, with what degree of justice results 
deduced from a greater number of contemporary observations, 
than (as I believe) had ever previously or have even since been 
brought together, can be represented as o more than ingeni- 
ous speculations.” 

As the article on General Reid’s Jaw of storms in the 
Edinburgh Review was written by me, I feel it necessary to 
state that Professor Dove's name ts not even once mentioned in 
that Review, nor his labours in any way referred to. 

Had I been disposed to enter into any discussion respecting 
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the earliest discovery of the rotatory character of storms, I 
should certainly not have awarded the honour to Prof. Dove, 
but to the late Colonel James Capper, of the East India 
Company’s service. We agree with General Reid in giving 
the merit of first suggesting the theory to Colonel Capper; 
but we must at the same time claim for Mr. Redfield the 
greater honour of having fully investigated the subject, and, 
apparently, established the theory upon an impregnable basis. 

I am, dear Sir, ever yours, 
D. Brewster. 

St. Leonard’s, St. Andrew’s, May 15th, 1841. 

LXXVIII. Proceedings of Learned Societies. 
| CHEMICAL SOCIETY OF LONDON. 

April 13, are following papers were read :— 
1841. 1. “On the Preparation and Formation of Yellow 

Prussiate of Potash,” by Professor Liebig. 
In order to explain the reaction between animal matters and carbon- 

ate of potash, when fused together at a red heat, which gives rise to this 
salt, it is necessary to keep in mind the following properties of the salt : 
When heated to redness in a close vessel, ferrocyanide of potassium 
is decomposed into cyanide of potassium, carburet of iron and nitro- 
gen gas; that is, looking upon the ferrocyanide of potassium as a 
double cyanide, the cyanide of iron is converted into carburet of 
iron and nitrogen gas, while the cyanide of potassium escapes de- 
composition. The cyanides of metals in general which can combine 
with carbon, are decomposed in the same way as the cyanide of iron ; 
thus the cyanide of silver when heated gives at first a little cyano- 
gen, but afterwards it fuses, and glowing suddenly, gives nitrogen 
gas, the carbon remaining in combination with the silver. The 
addition of carbonate of potash to the heated ferrocyanide of potas- 
sium prevents the decomposition of any cyanogen, cyanide of potas- 
sium being then formed, together with oxide of iron; and when 
charcoal forms a third ingredient of the fused mixture, the oxide of 
iron is reduced to the metallic state. Hence ferrocyanide of potas- 
sium cannot be supposed ready formed in the red-hot mixture of 
the iron pot in which it is manufactured, that mixture containing 
both charcoal and carbonate of potash. 

A general view is then taken of the process of manufacture of 
this salt. Animal substances, such as dried blood, horn, hoofs, and 
bristles, with common pearlashes, are the materials employed. The 
animal matter is used either in its natural state, or it is previously 
submitted to distillation, as in the preparation of ammonia, and the 
residual charcoal merely employed for the manufacture of the prus- 
siate. The projection of animal matter into the melted potash oc- 
casions a lively effervescence, from the evolution of carbonie acid 
and some combustible gases. The liquid is stirred after each addi- 
tion of the materials. The oss sy eahianel employed are equal 

2L2 
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parts of pearlashes and animal matter, or ten parts of the former 
and eight parts of carbonized animal matter. Three or four per 
cent. of iron filings are usually added to the mixture. After each 
addition of animal matter the heat is urged until the whole is fused, 
and the melted material, which is of a thick consistence, is not re- 
moved from the pot until the charcoal is seen to be equally diffused 
through the whole mass. The mass, after cooling, is placed in an 
iron pan filled with water, the clear liquid after a time drawn off, 
and water boiled several times on the insoluble residue. The liquids 
are evaporated for crystallizing the salt at a temperature not exceed- 
ing 203° Fahr. The formation of prussiate takes place after the 
solution of the melted mass, by the action of the matters dissolved 
upon the insoluble residue; for this melted mass yields nothing but 
cyanide of potassium to alcohol, and contains no prussiate. In ex- 
planation of the formation of cyanide of potassium.in the melted 
mass, it is stated that metallic potassium readily produces that salt 
when fused with calcined blood, disengaging at the same time a 
considerable quantity of charcoal; the proportion of nitrogen to 
carbon, in cyanogen, being one equivalent of the first to two of the 
last, while in blood, hair, and horn, the proportion is 1 to 6. Now 
when these animal matters are fused at a high temperature with 
potash, the free charcoal reduces the potash to the state of potas- 
sium; the latter then acts upon the azotized carbonaceous matter, 
forming cyanogen, with which it unites. A second mode in which 
cyanide of potassium is produced, is when ammoniacal gas is con- 
ducted over a mixture of carbonate of potash and charcoal at a red 
heat. This is accounted for by the action of ammonia upon char- 
coal alone at a red heat; the gas is entirely converted into hydro- 
cyanic acid and hydrogen (NH, and 2C = H, NC, and 2H). 
Now hydrocyanie acid decomposes carbonate of potash at a red 
heat, forming cyanide of potassium. Hence the product of cyanide 
of potassium is most considerable when the animal matter is used in 
its natural state, and not previously carbonized, a fact of which the 
manufacturers of prussiate of potash have long been aware from 
experience. To account for the subsequent conversion of the 
cyanide of potassium in the process into prussiate, it is abso- 
lutely necessary that iron exist in the rused mass; but it may 
indifferently be in the condition of metallic iron, the protosulphuret 
or the protoxide of iron. The first is readily dissolved by a 
solution of cyanide of potassium with evolution of hydrogen gas 
(3K Cy with HO and Fe = 2K Cy, Fe Cy and KO and H); the 
second with the formation of sulphuret of potassium, and the third 
with that of caustic potash. When the iron is added in the state of 
protosulphate to a solution of cyanide of potassium, one-third of the 
latter salt becomes cyanide of iron (a brown insoluble matter), 
which is dissolved by the other two-thirds of the alkaline cyanide, 
and the ferrocyanide formed. These processes are not altered in 
the slightest degree by mixing caustic potash or its carbonate, or 
the sulphuret of potassium, with the solution of cyanide of potas- 
sium. Much of the iron necessary, it is well known, is derived from 
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the corrosion of the iron pot in which the fusion is conducted. 
Professor Liebig assigns an important place to the sulphur of the 
sulphate of potash, usually present to the extent of 12 or 16 per 
cent. in pearlashes, in effecting this corrosion. In the decomposi- 
tion of the sulphate of potash by charcoal, bisulphuret of potassium 
is formed, and carbonate of potash. Thus, 

280;+2K0O and 4C=K S&S, and K O, C O, with 2C O, and CO. 

The bisulphuret of iron assumes an atom of iron, either from the 
sides of the iron vessel or from iron filings which are added; the 
double sulphuret thus formed is very fusible, and will consequently 
be equally diffused through the melted mass. 

The deficiency of product which frequently occurs in the manu- 
facture of prussiate of potash is ascribed principally to two causes : 
Ist, to the want of iron in the fused mass. The cyanide of potas- 
sium is then, instead of being converted into ferrocyanide when - 
thrown into water, decomposed by the free caustic potash when heat 
is applied to its solution. Uniting with the elements of water, its 
cyanogen is converted into formic acid and ammonia : 

NC,, K and 4HO=C, HO, + KO and N H,. 
This destruction of the cyanide may be avoided by adding iron of 
its sulphuret to the ley, or better, the protosulphate of iron. Another 
cause of loss of cyanide in the pot itself is pointed out. The bisul- 
phuret of potassium yields sulphur to the cyanide of potassium, and 
converts the latter into sulphocyanide of potassium. But if the 
mixture contain a quantity of iron sufficient to unite with all the 
sulphur, the formation of sulphocyanide will be prevented. Indeed, 
sulphocyanide of potassium itself is decomposed by iron at a high 
temperature, and resolved into sulphuret of iron and cyanide of 
potassium. It is thus seen that, by increasing the proportion of iron, 
the formation of sulphocyanide is at once prevented, and sulphuret 
of iron offered in quantity more than sufficient for its solution after- 
wards by the cyanide of potassium. The quantity of iron necessary 
to add in the fusion varies from 12 to 20 per cent., with the pro- 
portion of sulphate of potash in the potashes used. If a sulpho- 
cyanide appears in the mother liquors, the proportion of iron must 
be increased. The only remaining condition for the formation of 
ferrocyanide of potassium, is the complete exclusion of air during 
the fusion. Cyanide of potassium cannot be kept in fusion exposed 
to air without absorbing oxygen, and being converted into cyanate 
of potash; hence the advantage which English manufacturers de- 
rive from effecting this fusion in close vessels. Cyanate of potash 
may also be produced by the action of cyanide of potassium upon 
the sulphate of potash existing in the potashes, sulphuret of potas- 
sium being at the same time formed. Now cyanate of potash is 
decomposed, by the application of heat to its solution, into carbonate 
of potash and ammonia. ‘The ammonia which escapes during the 
evaporation of the ley may therefore come from this source as well 
as from the decomposition of cyanide of potassium by potash, already 
adverted to, 
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Mr. G. Lowe observed that the preparation of prussiate of potash 
from the waste gas liquors was difficult, owing to the presence of 
sulphur; but he believed that the suggestions of Professor Liebig 
would enable chemists to remove this obstacle to the manufacture. 

2. “On the Formation of Mellon,” by Mr. E. A. Parnell, of Uni- 
versity College. 

This paper referred to the decomposition which occurs in the 
process for mellon, from the substance considered by Liebig to 
be the isolated radical of the sulphocyanides (as obtained by the 
action of chlorine or nitric acid on sulphocyanide of potassium) ; 
for which substance, having previously shown it to contain hy- 
drogen and oxygen in addition to the elements belonging to the 
true sulphocyanogen, the author proposes the term metasulphocyan- 
ogen. It became necessary, therefore, to seek for other products of 
the decomposition of this substance than those hitherto recognized, 
namely, mellon, sulphur, and bisulphuret of carbon ; and in decom- 
posing pure and dry metasulphocyanogen by heat, water, sulphu- 
retted hydrogen, and hydrosulphocyanic acid, in addition to the 
above, were detected. Admitting the formula for metasulphocyan- 
ogen, S,. Cys; H; O, to which he has been led by analyses, the de- 
composition is explained as follows :—Three equivalents of meta- 
sulphocyanogen, containing S,; Cs; Nj, H, O,, are resolved into 
four of mellon, C,, N,,; two of hydrosulphocyanie acid, $,C, N, H.; 
four of sulphuretted hydrogen, 8, H,; eight of bisulphuret of car- 
bon, S,, C,; twelve of sulphur, and three of water, H, O;. The sum 
of the elements of these compounds will be found to comprise 
S35 C35 Nis H, O53; or three equivalents of metasulphocyanogen. 

April 27.—The following communications were read :— 
1. A letter from Mr. M. Scanlan, of Wolverhampton, describing 

the appearance of flashes of light observed during the crystallization 
of nitrate of strontian in the dark. 

2. “ Action of Nitric Acid on Castor Oil,” by Mr. T. G. Tilley. 
(See present Number, page 417.) 

3. “On Bleaching Salts,” by M. Detmer, Esq. (See present 
Number, page 422.) 

4. The following Note by Professor Graham, ‘On the Preparation 
of Chlorate of Potash.” It is well known that the ordinary pro- 
cesses for this important salt are attended with some practical diffi- 
culties. When a stream of chlorine gas is passed through a strong 
solution of carbonate of potash, the absorption of the gas is rapid 
and complete, till one-half of the alkaline carbonate is decomposed ; 
but the remaining portion, which is in the state of bicarbonate, is 
not so easily acted upon. To decompose the latter salt completely, 
chlorine must be applied in excess, and the decomposition is attended 
by the formation of free hypochlorous acid, as has been proved by 
Mr. Detmer. The liquid is also at the end highly bleaching, and 
contains much hypochlorite of potash. The boiling necessary to 
convert the latter into chlorate of potash and chloride of potassium 
occasions, according to M. Morin, a considerable loss of oxygen, 
and thus lessens the product of chlorate. When a strong solution 
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of caustic potash is substituted in this process for the carbonate, the 
absorption of chlorine proceeds without interruption; but the liquid 
when saturated bleaches strongly from hypochlorite formed. <A 
long-continued boiling is required to destroy this property com- 
pletely, and as oxygen escapes, the chlorate obtained must be de- 
ficient in quantity in a corresponding proportion. The process 
which the author recommends, and which is attended with none 
of these inconveniences, consists in mixing carbonate of potash inti- 
mately with an equivalent quantity of dry hydrate of lime, and ex- 
posing the mixture to chlorine gas. This mixture, although quite 
dry, absorbs the gas with prodigious energy, the temperature rises 
much above 212°, and water is freely evolved. When saturated it 
may be moderately heated, which destroys a mere trace of hypo- 
chlorite it contains. The whole lime is found in the state of car- 
bonate, and the potash as chlorate and chloride of potassium. The 
solution of the two latter salts is neutral, without any bleaching 

property, and free from lime. The chlorate of potash may be 
crystallized from it in the usual way. Carbonate of potash, when 
moistened and exposed to chlorine, without the hydrate of lime, ab- 
sorbs the gas with great avidity, and certainly answers better than 
a strong solution of the same salt; but the absorption becomes 
slow after the salt is in the state of bicarbonate, and subsequently a 
large quantity of the bleaching hypochlorite of potash is produced. 
In the new process described above, there is no reason to believe 
that the carbonate of potash is decomposed by the dry hydrate of 
lime till the chlorine is presented to the mixture; then, while the 
lime attracts the carbonic acid, the chlorine acts simultaneously 
upon the potash, and the carbonate of potash is thus readily decom- 
posed. The same principle of calling in a secondary agency to 
promote combination may be taken advantage of in many other 
cases. One of these, of some interest, is the promotion of the ab- 
sorption of sulphuretted hydrogen by hydrate of lime, through the 
influence of other salts. Thus hydrate of lime, dry or slightly 
damped, ceases to absorb sulphuretted hydrogen long before it is 
saturated with that gas; but if mixed with an equivalent of hydrated 
sulphate of soda, the absorption takes place with greatly increased 
avidity, and goes on till two equivalents of sulphuretted hydrogen 
are taken up for one equivalent of lime. But here, with the assist- 
ance of sulphuretted hydrogen, the hydrate of lime decomposes the 
sulphate of soda, sulphate of lime being formed, while caustic soda 
combines with the sulphuretted hydrogen. 

The author has found that the last mixture may be applied with 
advantage, from its great absorbing power, in purifying coal-gas, 
where the highest degree of purification is desirable, and where the 
products, sulphate of lime and hydrosulphuret of sulphuret of sodium, 
can be ceconomically applied. He recommends it to be introduced 
into the last of the dry lime-purifiers. 

5. An extract from a letter from Ollive Sims, Esq., Shelton, Stafford- 
shire Potteries, was read, announcing a considerable and very accessi- 
ble source of the hitherto very rare mineral, phosphate of yttria. 
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The crushed cobalt ore, from Johannisberg in Sweden, when con- 
verted into zaffre, or dissolved by acids, leaves a yellowish mineral 
in crystalline grains, in the proportion of about one pound avoirdu- 
pois from one thousand pounds of ore. This mineral is the phos- 
phate of yttria. It may be decomposed by fusion with alkaline 
carbonates, or by boiling with pretty strong sulphuric acid. 

LONDON ELECTRICAL SOCIETY. 

May 18th, 1841.—The Secretary presented the Society with a 
copy of the second edition of his ‘‘ Electrotype Manipulation.” 
A letter from Thomas Pine, Esq. was read, containing many inter- 

esting facts on the power exercised by the points of living vegetables 
in ‘‘ drawing off” electricity from the atmosphere. That many im- 
portant functions in vegetation result from this, the author concluded 
from the singular circumstance of dew being deposited only on the 
apex of points or leaves. Apparently smooth leaves are, when ex- 
amined by a microscope, found studded with these natural attrac- 
tors; and, which is still more illustrative of the case in question, 
plants vegetate with more vigour in an electrified atmosphere than 
when the soil is electrified. This communication was merely a gene- 
ral sketch of conclusions which the author promised to illustrate more 
at large on a future occasion. 

Read, ‘‘Some general observations on Electrotype Manipulation, 
and on the construction of a constant Acid Battery.” By Charles 
V. Walker, Esq., Hon. Sec. 

The conclusions adduced by the author are the results of a long 
series of experiments, and tend to generalize the subject. He de- 
scribes the most advantageous diaphragms, battery cells,and materials 
for moulds, and speaks very much in favour of a ‘‘ constant acid 
battery,” the construction of which is described. It is slow in its 
action, but the deposits obtained are in every respect good. No 
battery can be better fitted to deposit coatings on objects. 

CAMBRIDGE PHILOSOPHICAL SOCIETY. 

March 22, 1841.—Professor Miller gave an account of his observa- 
tions on supernumerary rainbows, made for the purpose of comparing 
the observed places of the principal bows, and their supernumeraries, 
with their places as computed by the Astronomer Royal on the undu- 
latory hypothesis. (Transactions of the Cambridge Philosophical So- 
ciety, vol. vi. p. 379.) The bows were formed in the manner first 
employed by M. Babinet, by a vertical cylindrical stream of water. 
The incident light was homogeneous, or nearly so. In some cases 
thirty supernumerary bows were seen within the primary, and 
twenty-five exterior to the secondary. 
The following table exhibits the observed radii of the brightest 

part of each principal bow and its first and second dark rings, and 
the theoretical radii of the brightest part of each principal bow and 
its second dark ring, computed from the interval between the geome- 
trical bow and the observed place of the first dark ring. 
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1. Diameter of cylinder of water = 0°0206 inch; index of re- 
fraction = 1°3318. 

(Radius of geometric primary bow = 42° 15!.) 
Observation. Theory. 

Radius of brightest part of priny 41° 51"4 41° 45'"4 
Radius of first dark DIM Press ccc ale 
Radius of second dark ring ...... 40 16 40 14-4 

(Radius of geometric secondary bow = 50° 34!.) 

Radius of brightest part of secondary 51° 25! 51° 27/5 
Radius of first dark rng ........ 52 37 
Radius of second dark ring ...... 54.7 54 12. 

2. Diameter of cylinder of water = 0:02105 inch; index of re- 
fraction = 1°33464. 

(Radius of geometric primary bbw = 41° 50/4.) 
Observation. Theory. 

Radius of brightest part of primary.. 41° 27'-7 41° 24''7 
Radius of first dark rng .......... 40 51°4 
Radius of second dark ring ........ 40 4:4 40 5°7 

(Radius of geometric secondary bow = 51° 19). 

Radius of brightest part of secondary 51° 57! 52° 5'°3 
Radius of first dark rmg.......... 53 5 
Radius of second dark ring........ 54 27°6 54 27 

3. Diameter of cylinder of water = 0°0135 inch; index of re- 
fraction = 1°33453. In this series of observations the values of 
the diameter of the cylinder and of the index of refraction are rather 
doubtful. 

(Radius of geometric primary bow = 41° 52.) 
Observation. Theory. 

Radius of brightest part of primary 41° 20! 41° 18! 
Radius of first dark ring.......... 40 33 
Radius of second dark ring........ 39 29 39 32 

(Radius of geometric secondary bow = 51° 17'5.) 

Radius of brightest part of secondary 52° 16! 52° 185 
Radius of first dark ring........ bs HMO y dy, 
Radius of second dark ring........ 55. 31 55 26. 

April 26, 1841.—Prof. Challis read a communication on the motion 
of asmall sphere submitted to the dynamical action of the vibrations of 
an elastic medium. The mathematical reasoning embraced terms in- 
volving the square of the velocity of the vibrating medium, and the 
principal conclusion arrived at was, that the motion of the sphere 
consists partly of a vibratory motion, and partly of a permanent mo- 
tion of translation, the latter depending on the terms which contain 
the square of the velocity. It was thought that this result may have 
important applications in the physical theories of light and heat. 

The solution of the above problem involves that of another of more 
immediate interest, viz. the determination of the resistance to the 
motion of a ball-pendulum vibrating in the air. Professor Challis 
obtains the same coefficient of resistance as in several previous solu- 
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tions which he has given of this question, the terms involving the 
square of the velocity being found to have no effect on its value. The 
difference between his result and that obtained by other writers on 
the same question, is shown to be entirely owing to his adopting a 
new principle in the application of analysis to fluid motion, which 
may be thus stated. Ifu, v, w be the velocities resolved in the di- 
rections of three rectangular axes of a fluid particle situated at the 
point whose coordinates are 2, y, z, then, in order that the motion 
may admit of determination by the integral of a partial differential 
equation, it is necessary to suppose that ude + vdy+wdz isan 

exact differential of a function of 2, y,andz. This supposition must 
therefore be true, independently of the particular mode of disturbance 
and of the form of the arbitrary function by which it is expressed. 
The quantity in question is an exact differential, for reasons drawn 
from the nature of curve surfaces, and independently of all that is 

arbitrary, if the variation of the coordinates from one point to another 
at a given instant be in the direction in which the motion is impressed 
by the arbitrary disturbance, and not otherwise. Hence the varia- 
tion of the coordinates in the partial differential equation to which 
that supposition conducts, must be subject to the same limitation. 
It is plain that this principle, if true, must materially affect the man- 

ner of treating many hydrodynamical problems, and would seem 
therefore to merit the attention of mathematicians *. 

GEOLOGICAL SOCIETY, 

June 10, 1840.—A notice of a mass of trap in the mountain 
limestone on the western extremity of Bleadon Hill, Somersetshire, 
and on the line of the Bristol and Exeter Railway, by the Rev. D. 
Williams, F.G.S. 

This is the first discovery of trap iz situ in the Mendip Hills or in 
Somersetshire, with the exception of the Hestercombe granite, de- 
scribed by Mr. Horner +, and a slate porphyry, observed by Mr. Wil- 
liams, alittle north of Simmon’s birth, in Exmoor. ‘The rock varies 
in character from a granular to a porphyritic and amygdaloidal 
greenstone. It occurs near a line of fault, which has brought the 

lias on a level with the carboniferous limestone ; and when first ex- 
posed on the eastern side of the railway cutting, it appeared to be 
conformably interstratified with the limestone; but the cutting of 
the western side (the line of railway ranging north and south) has 
subsequently proved that the trap is clearly intrusive, intersecting at 
a considerable angle the limestone beds. On the east side the 
trap is in contact with the lias, but no change appears to have been 
produced in that formation, though the mountain limestone is stated 

to be considerably altered. The trap at the lower part presents a 
broad bed-like mass, but it rapidly diminishes in its upward course 
through the limestone thinning away entirely. Mr. Williams states, 
that the limestone appears to have yielded along the line of one of 

* [On the subject of this communication see L. E. and D. Phil. Mag., 
vol. xvii. p. 465: also present vol. pp. 132, 321, and Mr.Challis’s communi- 
cation in the present Number.—Epiz. | 
{ Geol. Trans., 1st Series, vol. iii. p. 348. 
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the north-west joints. He acknowledges his obligation to Mr. 

Peniston, the resident engineer, for a correct section of the cutting. 

A memoir descriptive of a ‘‘ Series of Coloured Sections of the 

Cuttings on the Birmingham and Gloucester Railway,” by Hugh 

Edwin Strickland, Esq., F.G.S. 
The author commences by expressing his regret at the irre- 

coverable loss, which science has experienced, in full advantage not 

having been taken of the valuable geological information, which has 

been exposed by the railway cuttings in different parts of England 

during the last ten years; and he suggests the propriety of each 

line of railway being systematically surveyed by a competent ob- 

server, while the cuttings are in progress. 
Anxious to contribute towards so desirable an end, Mr. Strickland 

gladly yielded to a request made to him by Captain Moorsom, the 

chief engineer of the Birmingham and Gloucester Railway, to un- 

dertake a geological survey of the line ; and he expresses his obliga- 

tions to that gentleman and to Captain J. Vetch for the valuable as- 

sistance they afforded him. The line was originally surveyed by 

Mr. Burr, when only the trial shafts had been sunk, and before the 

cuttings were commenced; but Mr. Strickland bears testimony to 

the accuracy of the account which Mr. Burr laid before this So- 

ciety.—(Geol. Proceedings, vol. ii. p. 593; or L. & HE. Phil. Mag. 

vol. xii. p. 573.) 
The direction of the railway ranges nearly parallel to the strike 

of the strata, and therefore intersects only the new red sandstone 

and red marl, the lias, and superficial detritus. 

New red sandstone and red marl.—The lowest rock exposed be- 

longs to the new red or bunter sandstone, resting on the anticlinal 

axis of the Lickey, ten miles south-south-west of Birmingham, and 

one mile south of the termination of the altered rock, or Lickey 

Quartz*. The sandstone is there thick-bedded, soft, and red, and 

dips on the western flank about 5° west-south-west, and on the 

eastern 5° east-south-east. In Grovely Hill, on the north-east of 

the Lickey, it passes occasionally into a hard quartzose conglome- 

rate with a calcareous paste |; and at Finstal, on the south-west of 

the Lickey ridge, the upper portion of the sandstone is light-coloured, 

and contains obscure vegetable impressions, being a prolongation of 
the stratum, with similar impressions, at Breakback Hill, on the 
west of Bromsgrove {. 
On each side of the Lickey, the sandstone is conformably overlaid 

by red marl, which extends on the north-east to Birmingham$, and on 

the south-west to Stoke Prior and the neighbourhood of Hadnor, 

* See Mr. Murchison’s Silurian System, p. 492. 

+ Similar conglomerates occur in Worcestershire, Staffordshire, and 

Warwickshire.—Silur. Syst., p.42. Geol. Trans., 2nd Series, vol. v. p. 347. 

t Geol. Trans., 2nd Series, vol. v. p. 341; Proceedings, vol. ii. p. 564; 

for L. and E. Phil. Mag., vol. xi. p. 319.—Epir.] 
§ The red marl extends from Birmingham along the London railway as 

far as Berkswell, forming the basin, in which occurs the lias outlier of 

Knowle south-west of Berkswell. The true boundary of the sandstone and 

marl in this district has been only recently ascertained; it ranges from 
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where the railway intersects a ridge of lias. On the north side the 
marl is there cut off by a fault, but on the south, at Dunhamstead, 
the following juncture section is exposed :— 

(a.) Lias clay with contorted beds of lias limestone. 
(4.) White micaceous sandstone, with numerous speci- 

mens of a smooth oval bivalve . . . . . 2 Feet. 
(os): Ties telayi + nt. etree. pol oe eae 
(dj) UGrep mani pag 6 aula? SC Lae 
(e.) Red marl . : 
Dip of the beds 5° north-north-east. 
In the hill south of Dunhamstead, the grey marl (d) abuts against 

the red marl (e) in consequence of a fault. For the next five miles 
the railway traverses a valley of red marl, between the escarpment 
of the lias and a ridge of Keuper sandstone. On the south-east of 
Spetchley the strike of that sandstone is altered by a fault from 
south by east to south-west, and a projecting angle has been pro- 
duced which is intersected by the railway. This stratum isa feeble 
representative of the Keuper sandstone of Burg Hill, &c.*, con- 
sisting chiefly of greenish marl with thin lamine of white sand- 
stone, about twenty feet thick, with red marl above and below. 
At Norton the railway ascends the lias escarpment, and cuts through 
a section exactly analogous to the one given above. A mile 
further south the lias clay contains many calcareous concretions 
abounding with fossils, including Plagiostoma giganteum, Modiola 
minima, and a coral. At Abbot’s Wood the fissile sandstone at the 
base of the lias is again exposed, having been brought up by a fault. 
At Defford and Eckington the lias clay encloses numerous speci- 
mens of Pachyodon Listeri (Stuchbury), or Unio Listeri of Sowerby, 
and Ammonites Turneri. At Bredon a higher portion of the lias 
series was reached, and a different suite of fossils found, the most 
marked being Pleurotomaria Anglica, Hippopodium ponderosum, Gry- 
phea incurva, Nautilus striatus, and several species of Ammonites. 

Between Cheltenham and Gloucester the lias has yielded great 
abundance of organic remains, a considerable number of which are 

considered to be new, and with the exception of Hippopodium pondero- 
sum, Gryphea incurva, and one or two others, they are distinct from 
the fossils of Bredon Hill; and at Hewlitt’s, east of Cheltenham, the 
lias near the base of the marlstone presents another series of distinct 
fossils. The lower lias, therefore, Mr. Strickland observes, affords 
evidences of at least four well-marked successions of molluscous 
faune, in a vertical height of 400 or 500 feet, and unaccompanied 
by any change in the mineral character of the deposits. 

SuPERFICIAL DETRITUS.—The author then proceeds to describe the 
deposits of superficial detritus, and he states, that they entirely con- 
firm the views which he had previously entertained, respecting the 
distinction between the ancient terrestrial alluvia in which bones of 

Hewell Grange, nearly north, by Cofton Hacket to Northfield, and thence 
north-east to the south suburbs of Birmingham. 

* Proceedings, vol. ii. p. 503; [or L. and E. Phil. Mag., vol. xi. p. 318, 
—Epit.}] Geol. Trans., 2nd Series, vol. v. p. 332. 
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mammalia occur, and the submarine drift which covers most parts 
of the island*. 

He divides the detritus into fluviatile and marine ; and the latter, 
according to its origin, into local and erratic ; and this, according to 
its composition, into gravel with flints and without flints. 

Marine erratic gravel without flints}-—Commencing his details with 
the Birmingham end of the line, Mr. Strickland shows, that these 

accumulations occur extensively on all sides of that town, and at in- 
tervals along the line of the railway till it approaches the valley of 
the Avon. Mammalian remains appear to be totally wanting. 
Chalk flints are so extremely rare in it around Birmingham as to 
prove that the materials were transported from the north. At 
Mosely it is upwards of 80 feet thick, and consists of rolled pebbies, 
rarely exceeding 4 inches in diameter, of various granitic and 
quartzose rocks and altered sandstones, imbedded in a clean ferru- 
ginous sand; and a bed of sand 30 feet thick, without pebbles, 
occurs in the middle of the gravel. Between Cotteridge and Wytch- 
all is an erratic boulder, or shapeless mass of porphyritic trap, 
about 5 feet by 4, with the angles slightly rounded. At the Lickey, 
gravel analogous to that near Birmingham, but with a large pro- 
portion of slate rocks, attains, on the line of the railway, a height of 
387 feet, and at the Lickey Beacon of more than 900 feet. Sugar’s 
Brook is the next locality noticed by Mr. Strickland, but from that 
point no gravel occurs for sixteen miles. Near Abbot’s Wood is 
another extensive deposit of quartzose gravel and ferruginous sand, 
devoid of flints and resting upon lias. 

Marine erratic gravel with flints.—These accumulations commence 
immediately south of the Avon. The village of Bredon stands on a 
platform, seventy feet above the ordinary level of the Avon, com- 

posed of lias with an uneven surface, and capped with 10 to 15 
feet of this gravel. It contains no mammalian remains. 

Fluviatile gravel.—The only example of this drift, on the line of 
the railway, occupies the two opposite flanks of the Avon at Defford 
and Eckington, north of Bredon. At these localities the surface is 
a tabular platform which does not exceed forty-five feet above the 
Avon, including a capping of ten feet of gravel precisely similar to 
the flinty gravel of Bredon, but containing abundance of mammalian 
remains. ‘I‘hey were chiefly found in the cutting north of Ecking- 
ton, at the lower part of the deposit, and often on the surface of 
the lias clay ; and are referrible to Hlephas primigenius, Hippopotamus 
major, Bos Urus, and Cervus giganteus? On the north, or Defford 
side of the Avon, the remains of Hlephas primigenius and Rhinoceros 
trichorhinus have been obtained. Associated with these bones are 
numerous freshwater shells, agreeing with those found at Crop- 
thorne{; the most abundant species being Cyclas amnica and C. 
cornea, In endeavouring to account for the presence of these re- 

* See Reports of the British Association, vol. vi., Sessional Meetings, 
p- 61. ; 

+ Northern drift of Mr. Murchison, Silur. Syst., p. 523. 
{ Silur. Syst. p. 555; and Proceedings, vol. ii, pp. 6 and 95; for L. 

and E, Phil. Mag., vol. iv. p. 148; vol, v. p. 297.—Enpir.] 
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mains at only one point in the line of the railway, Mr. Strickland 
states that he can offer no other explanation than that previously 
proposed by him *, namely, that after the beds of marine gravel had 
been deposited and laid dry by the elevation of the land, a large 
river or chain of lakes extended down the valley of the Avon, at a 

height varying from twenty to fifty feet above its present course ; 
and that the gravel previously accumulated by marine currents was 
remodified by the river, and mixed up with remains of mammalia 
which tenanted its banks, or of mollusca which inhabited its waters. 

Local gravel.—This species of detritus occurs abundantly at Chel- 
tenham, and consists exclusively of detritus from the oolites and lias 
of the vicinity. No bones or terrestrial remains have been found in 
it; and, therefore, the author assigns to it, in the absence of other 
evidence, a marine origin. 

Modern alluvia.—The only deposits of this nature mentioned in 
the paper, are the peaty accumulations on the banks of the Avon 
and its tributaries. 

The memoir was accompanied by a copy of the Railway Section, 
and of the Tewkesbury branch, and the junction branch from the 
main line to the London and Birmingham Railway, presented by 
Capt. Moorsom, but coloured geologically by Mr. Strickland. 
A letter addressed to Mr. Murchison by Capt. Lloyd, dated 

London, May 11th, 1840. 

Having read in the instructions prepared by the Royal Society for 
the Antarctic Expedition under Capt. James Ross, that the island of 
Bourbon presents indications of the sea having formerly occupied a 
higher level than at present, and having observed similar appear- 
ances in the Mauritius, Capt. Lloyd was induced to lay the follow- 
ing facts before the Society. 

The island of Mauritius is belted by an enormous coral reef 
throughout its whole circumference, except for about ten miles of 
the broadest and extreme southern side, or from Point Souffleur to 
Souillac, commonly called Port Savanne. Along that part of the 
island the coast is bold, and consists of a basaltic rock. 

Near the Riviere des Galets, between Savanne and the Baie du 
Cap, the sea foams against a barrier of coral from five to fifteen feet 
in height, and wears it into the most fantastic shapes. At a con- 
siderable distance inland, and almost concealed by trees and shrubs, 
are two remarkable points or headlands of coral, from twenty to 

twenty-five feet above the present level of the sea. They present 
the same marks of abrasion as the barrier reef now undergoing 
the action of the waves. The Observatory, Port Louis, is built also 
on a stratum, ten feet above high-water mark, of very hard coral, 

which requires blasting. There are besides in several parts of the 
island, and at considerable distances inland, enormous blocks of 

coral surrounded with the debris of oyster and other shells and broken 
corals. Appended to Capt. Lloyd’s communication are two letters 
from agents employed by him to collect information respecting in- 
land blocks of coral. One of the letters is from Mr. Hill, surveyor 

* Reports of British Association, vol. vi. Sections, p. 64. 
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of roads, and contains the following data respecting two bipeks near 
Souillac :— 

Ist Block. 2nd Block. 
Distance from the sea.... . aoe ett 610 feet.... 1356 feet. 
Probable height above high water.. 50 — 
STL A peaaee eval Eri aan ene cae LO ee. 4 Ora 
Prreadtly tr fq) < dss ees ayers GLO as 
Height .... Pe rieY fend beim ob © Se 
Girth round the largest projections. . 40 —.... T7— 

If the first of these blocks had been transported he the sea, Capt. 
Lloyd says, it could have attained its present position only by passing 
over the almost perpendicular coast. 

The other letter is from Mr. Sherlock, and gives the following 

measurements of two blocks on the Black river :— 

Height. Width. Circumference. Distance from sea. 

Ist block ... 13 feet ... 30 to 40 feet ... 121 feet ........ seeee 300 feet. 
2nd block... 10 — .,. 25 feet ......... Length, 41 feet.... 840 — 

Mr. Sherlock adds, there is no coral in the interior, except a 
small bed on the habitation, Le Gentele. 

METEOROLOGICAL OBSERVATIONS FOR APRIL 1841. 

Chiswick.— April 1, Cloudy. 2. Fine: clear. 3. Slight haze: cloudy and 
fine. 4. Cloudy: slight rain. 5. Eieudy and fine. 6,7. Very fine. 8. Fine 
in the morning: hail-shower at 1 p.m.: cloudy and fine at night. 9. Overcast 
and cold. 10—12, Cloudy and cold. ‘13, Cloudy: rain. 14. Cloudy: slight 
rain. 15. Showery. 16,17. Fine. 18. Overcast and cold. 19. Fine. 20. 
Overcast. 21. Cold anddry. 22. Cloudyand cold. 23. Heavyrain. 24. Fine. 
25. Very fine: slight rain: cloudy and windy atnight. 26. Hazy: fine. 27. Very 
fine. 28. Rain. 29. Rain: very fine; clear at night. 30. Dryhaze throughout 
the day : clear at night. 

Boston.—April 1. Fine: rain early a.m. 2. Stormy: rainearly a.m. 3, 4. 
Fine. 5. Cloudy: rainr.m. 6. Fine. 7. Cloudy: rain r.m. 8, Cloudy. 
9. Fine: rain early a.m. 10. Cloudy. 11. Cloudy: rain early a.m. : hail-storm 
p.m. 12, Cloudy: rain early a.m. 13. Fine: rainearly am. 14, 15. Fine: 
raine.mM. 16. Fine: ice this morning. 17. Fine. 18. Cloudy. 19. Fine. 
20. Fine: hail and rainer.m, 21. Cloudy: rainr.m. 22. Cloudy: rain early 
am. 23. Rain. 24. Fine. 25, Fine: rain early a.m. 26. Cloudy. 27, 28. 
Fine. 29. Cloudy. 30. Fine. 

Applegarth Manse, Dumfries-shire—April 1. Eine AM: raine.mM, 2 Fine: 
showers p.m. 3. Fine: one shower. 4. Fine a.m.: raine.m. 5. Fine: slight 
shower. 6. Fine and fair all day. 7, Rain p.m. " g, Fair a.m.: shower p.m, 
9. Fine and fair all day. 10, 11. Occasional showers. 12. Fineand fair. 13, 
Wet r.m. 14, Showeryr.m. 15. Rainand hail. 16. Rain, sleet and hail. 
17—20. Showers. 21. Fair andcold. 22, 23. Frosty morning: fine. 24. 
Very wet p.m. 25. Rainy forenoon. 26. Wet allday. 27. Rain a.m.: cleared 
up. 28. Beautiful day: thunder and rain. 29, 30. Fine and fair. 

Sun shone out 27 days. Rain fell 20 days. Thunder 2days. Frosty morn- 
ings 2. Hail 2 days. 

Wind north $ day. North-east 3 days. East 2 days. South-east 4 days. 
South-south-east 2 days. South 2 days. South-south-west 3 day. South-west 
7 days. West-south-west 1 day. West 6 days. North-west 1 day. North- 
north-west 1 day. 

Calm 6 days. Moderate 14 days. Brisk 4 days. Strong breeze 4 days. 
Boisterous 2 days. 

Mean temperature of the month ....... eevee 44°°40 
Mean temperature of April 1840 .......+.++. 48 -05 
Mean temperature of spring-water ......... 51 *00 
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LXXIX. Examination of a Fourth Experiment adduced by 
Prof. Faraday in support of M. de la Rive’s Theory, and 
regarded by Dr. Fusinieri to be demonstrative. By Dr. 
SrepHen Marranint, Acting Professor of Particular and 
Lixperimental Physics in the University of Modena, &c. 

(Continued from p. 202.] 

Second Article. Examination of the Observations recently 
made by Prof. de la Rive in support of his Theory, and which 
Dr. Fusinieri has considered sufficient to answer the preceding 
Oljections*. 

X. DE»: AMBROGIO FUSINIERIT seems to blame me 
for not having alluded, in my fourth Memoirf, to the 

interesting work of M. de la Rive, entitled, “ Inquiry into the 
Cause of Voltaic Electricityt.” I did not instantly allege 
in my excuse the having written and sent the said memoir to 
the Secretary of the Italian Society of Sciences, some time 
previous to my becoming acquainted with the said work, which 
had been kindly presented to me only in the November of 
1836, by my illustrious colleague, Prof. de la Rive, this cir- 
cumstance having little interest for the scientific, for whom I 
intend to write, and still less for science; but I applied myself 
instead to study the work itself, as soon as I was able to do so. 

Whoever does not know this production of M. de la Rive, 
no doubt, on hearing how Signor Fusinieri speaks of it, would 
believe that in the same manner in which, in my second me- 
moir, I had examined all the arguments and principal experi- 
ments brought forward by the Professor of Geneva in support 
of his theory, and had shown the insufficiency of them with 
other experiments; so also M. de la Rive might undertake to 
examine my arguments, and might show the erroneousness of 
them ; but what would be his surprise, when setting himself to 
read this work (without doubt having other claims to interest), 

* Annali de Scienze del Regno Lombardo-Veneto, Bimestre iv., 1837, 
p. 192 + Ibid. t Recherches, &c. 

Phil. Mag. 8, 3. Vol. 18. No. 120, Suppl. July 1841. 2M 



530 —_— Prof. Marianini’s Examination of an Experiment 

he should see that the same facts are reproduced which were 
already published by him in 1828, when he wished to found 
his theory; and of the many arguments and experiments 
brought forward by me, he only speaks of two or three 
secondary in importance, and not with the profundity which 
one might expect from so distinguished a physicist ! 

In the first part of my said memoir I treat of the influence 
which voltaic currents exercise in changing the relative electro- 
motive property of the metals, and of that which is exercised 
upon them by the liquid conductors, in which are immersed 
the metals themselves; and I established some facts which 
ought to serve as the rationale of some experiments produced 
by M. de la Rive as inexplicable except upon his theory. 
But of these we will not speak here. Nor let any one inter- 
pret this silence into denial or disapprobation, since the same 
M. de la Rive, in his historical sketch of the principal facts 
discovered in electricity, makes mention of all these, and not 
only without starting a doubt of them, but also with expres- 
sions very flattering to me*. 

In the second part of that memoir I undertake to show the 
insufficiency of the theory of M. de la Rive to explain the 
pheenomena of the electromotors, as well simple as complex. 

Treating of the simple electromotors, and of the case in 
which the two plates are immersed in the same liquid, M. de 
la Rive adduced in support of his theory that an electric cur- 
rent is produced when there are immersed in one liquid two 
portions of the same metal susceptible of being attacked by it. 
And I observed that if these two portions have some hetero- 
geneity, the fact accords with the theory of Volta; if not, there 
is no theory, either chemical or physical, which can explain 
it. (Memoir above mentioned, § X XIII.) 

M. de la Rive observed that if a voltaic pair of copper and 
tin is immersed in an acid or saline solution, the tin is positive; 
and if it is immersed in ammonia, the copper is positive, because 
more acted upon by the liquid than the tin. And I showed 
that this second part of the experiment is not true, except 
after the ammonia may have altered, in a contrary sense, the 
electrotism of the two metals, and that, in consequence, it 
contradicts the theory of M, de la Rive, instead of supporting 
it. The same observations I made upon the similar experi- 
ment of M. de la Rive, with copper and iron. (§ XXIV.) 

Another fact which M. dela Rive adduced was, that on 
immersing iron and lead in concentrated nitric acid, the iron 
in the first moment is negative, because (it was said) there 

* Esquisse historique des principales découvertes faites dans VU électricité 
depuis quelques années. Par M. Auguste de la Rive. Geneve, 1833, 
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was not yet any chemical action;” but if one waits until the 
chemical action shall commence, or if the part of the plate of 
iron immersed in the liquid is exposed for a moment to the 
air, which quickly determines the action, that iron itself be- 
comes positive. And I in the first place inquired whence 
might arise the negative electrization in the iron, and conse- 
quently positive in the lead, in the first instant that the cop- 
per is immersed, if it had yet no chemical action. And how 
stands now the theory of M. de la Rive? In the second 
place I demonstrated that the nitric acid increases the electro- 
tism both in the iron and the lead, but more in the latter than 
in the former. I showed, in the third place, that it was an 
error to believe that causing the iron to be exposed to the air 
might be the cause by which it was electrified positively, on 
again putting it into the acid, because the cause of this posi- 
tive electrization of the iron was the alteration which the lead 
suffered in the acid in which it was left immersed whilst the 
iron was kept in the air. And I proved, lastly, that to explain 
those experiments by the chemical theory, it is necessary to 
suppose now that the action of the acid renders the iron posi- 
tive with respect to the lead, now that it renders it negative; 
now we must suppose that the action of the acid may be less 
forcible in the first instants upon the iron than upon the lead; 
now we must suppose the contrary. (§ X XVII.) 

Another experiment quoted by M. de la Rive was, that two 
plates, the one of gold, the other of the purest platina, being 
fixed to the extremity of the galvanometric wire, and im- 
mersed in the pure nitric acid, a very sensible current took 
place when a drop of hydrochloric acid was added to the said 
liquid. And I demonstrated by ten experiments, first, that 
the nitric acid, mixed with very little hydrochloric acid, in- 
creases the relative electromotive faculty both in the gold and in 
the platina, but more in the latter than in the former ; secondly, 
that such phznomena are not derived from electricity imme- 
diately developed by the chemical action; thirdly, that it is 
impossible to explain al] the phenomena which are observed 
in these experiments by the new theory. (§ X XV.) 

And to all these facts stated in the first section of the second 
part of my before-mentioned memoir, and which contradict 
the chemical theory of electromotors, what arguments does 
M. de la Rive oppose? Perhaps Signor Fusinieri believes 
that the silence of the learned Genevan is sufficient confuta- 
tion, or that he may have replied sufficiently in saying that 
the electricity developed by the chemical action is not always 
in proportion to the action itself. 1 should sooner have ex- 
pected that Signor Fusinieri might have seen in this propo- 

2M2 
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sition a proof of the persuasion which M. de la Rive begins 
to entertain that his theory is not sufficient to explain the 
phzenomena of the electromotors, if my experiments are true; 
though, if Dr. Fusinieri would do them the honour to repeat 
them, I doubt not that he would quickly be persuaded that 
that modification is not sufficient for the theory; but it would 
be necessary to add, that sometimes the electrization is in an 
inverse ratio to the force of the chemical action, that is, to the 
energy of the cause from which it is pretended to be derived. 
But we are here at a point of my memoir which M. de la 
Rive discusses in his Recherches, p. 125. 

XI. In describing the experiment of which I have now 
spoken, M. de la Rive remarked that these plates of gold and 
pure platina, immersed in the pure nitric acid, produce no 
current whatever: and I said I had obtained the same phe- 
nomena with the nitric acid as with the acid itself mixed with 
a little hydrochloric acid, except that the galvanometric devi- 
ations were somewhat less. Now, however, M. de la Rive 
repeats the same thing; that is, the not having obtained a simi- 
lar current in making use of the pure nitric acid; and Signor 
Fusinieri rather inclines to believe in the result of De la Rive, 
having himself made the experiment with another scientific 
man; and he thinks the observation just, which the same 
Genevan physicist then adds, namely, that as I experimented 
in Venice, it was a matter of difficulty that the nitric acid 
should be entively free from hydrochloric. And here it vexes 
me that I must point out to Signor Fusinieri that this diffi- 
culty also presented itself to me, as is seen in the same page 
in which I speak of this experiment; and not only did I see 
the objection, but also removed it, by proving that by leaving 
the nitric acid exposed for a long time to the Venetian air, 
instead of acquiring to a much greater degree the aptitude to 
cause that current, it went on losing it; that is, on the con- 
trary, it went on losing the power of altering to positive the 
relative electromotive faculty of the platina and the gold so 
far as to acquire the opposite property. (§ X XVI.) 

But there is yet more. Is it then true that there is that 
difference in the facts, which Dr. Fusinieri remarks in this 
proposition, namely, that De la Rive may not have seen in 
immersing the gold and the platina in the nitric acid, the small 
electric currents seen by me? And do we not read at the 
eleventh page of his Recherches, that in the act of immersing 
that pair in the nitric acid there are seen slight galvanometric 
deviations? ‘ Du moins (these are his own words) le léger 
courant que P on apercoit au premier moment de immersion, 
n’est pas plus fort que celui qui a lieu quand on se sert de 
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deux lames homogeénes de platine, et il est di aux impuretés 
dont il est impossible de préserver complétement les surfaces 
métalliques; aussi disparait-il trés-promptement, et quoique 
les deux métaux restent dans le liquide, on n’en voit bientot 
plus aucune trace.” 

Then also the learned Genevan sees the voltaic current on 
immersing in the pure nitric acid the gold and the platina 
fixed to the ends of the galvanometric wire: he observes that 
the current itself is not stronger than that produced by the 
two homogeneous plates of platina; and he attributes it to 
the impurities, from which he says it is impossible completely 
to preserve metallic surfaces. And in proof that this and no 
other is the cause of that current, M. de la Rive adduces the 
fact that it disappears immediately, and that however long 
the two metals may remain in the liquid, in a few moments 
there is no more trace of it. 

The difference, then, is not in the fact, but in the manner of 
studying and interpreting it. M. de la Rive not being able 
to persuade himself that there can be an electric current with- 
out chemical action, and insisting that neither the gold nor 
the platina can be injured by the nitric acid, supposes it im- 
possible entirely to purify the surfaces of the two metals. 
Instead of this, I imagine that the current is produced because 
the platina touches the gold metallically, by means of the 
galvanometric wire, and is immersed with it in a liquid. If 
the current is weak, it is because the metals are sufficiently 
near in the voltaic scale; if it vanishes, or rather, if it becomes 
sensibly weaker in a short time, it is because the current itself 
increases the electromotive faculty of the gold, and diminishes 
that of the platina, so that in a short time the two metals be- 
come almost homogeneous in the voltaic sense of that term. 

M. de la Rive attributes the vanishing of the current to the 
disappearance of the impurities from the surfaces of the two 
metals. But I shall here ask if it is desired that the nitric 
acid may destroy those impurities by means of the little cur- 
rent which is developed, or that it may be destroyed inde- 
pendently of it. In the first case, I shall inquire how it hap- 
pens that if the gold is immersed in the acid a moment before 
the platina, the galvanometric deviation is extremely weak, 
and sometimes even nothing. In the second case, the current 
which is observed when the two plates are allowed to remain 
immersed in the acid for some time before putting them in 
communication with each other by means of the wire of the 
galvanometer, will have to be explained. 

There is still a remark to make respecting the disappear- 
ance of the current, which M. de la Rive declares to happen 
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a few moments after the circuit is complete; so that to see 
that current disappear, two conditions are necessary. The 
first is, that the experiments may be made with a galvanometer 
not very sensitive, that is, such as may not indicate the current 
itself, except by one or two degrees of deviation. The second 
is, that the two metals may be immersed in the acid whilst 
they are still in communication with each other, exactly as 
M. de la Rive conducts the experiment. But if use is made 
of a galvanometer rather sensitive, such, for example, as may 
show the current by a deviation of ten or more degrees, it is 
very true that in a few moments the force of the current is 
much weakened; but it does not fail to be visible with some 
degree of deviation, even after more than a minute; so that 
the deviation is strong at first, but proceeds always more slowly 
in the times succeeding to the first immersion of the plates. 

But experimenting with the galvanometer of moderate deli- 
cacy, if the plates are kept some little time in the liquid before 
completing the circuit with the galvanometric wire, it is seen 
that the current does not then cease so quickly; and it is 
stronger if more time is allowed to pass before closing the 
circuit itself. 

The following are some experiments instituted already many 
times here in Modena, and with the galvanometer sufficiently 
sensitive, above mentioned. 

A small plate of pure gold, and one of pure platina, being 
immersed for an instant in nitric acid, deprived entirely of 
hydrochloric acid whilst they remained in contact by means 
of the wire of the galvanometer, produced a deviation of 4°. 

Two other similar plates being left immersed for half a 
minute, and then the circuit being closed for a moment, the 
deviation was of 10°. 

The experiment being repeated with two other plates, and 
the circuit being completed for a minute after they were im- 
mersed, 25°. 

Being left immersed for five seconds before completing the 
circuit, 75°. 

The two small plates were kept at the distance of a centi- 
meter from each other, and were immersed together in the 
liquid for a square centimeter of their surfaces. 

The nitric acid increases the relative electromotive faculty 
of both those metals, but much more that of the platina than 
that of the gold, and thence may be drawn easily the explana- 
tion of these and of various other phenomena which are ob- 
served with the voltaic pair of platina and gold, when nitric 
acid is made use of for a moist conductor. (See my above- 
mentioned memoir at §§ XXV. X XVI.) 
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XII. I must not abandon this argument without making 

some observations respecting a singular proposition which is 

read towards the end of the tenth page of M. de la Rive’s 

work, expressed in the following terms: ‘ Lorsque le liquide 

dans lequel plongent les deux élémens du couple, est le méme, 

il n’existe pas un seul cas dans lequel on ait vu le métal le 

moins attaqué étre positif par rapport a Pautre.” 

Yet in the actual state of the science it is very easy to find 

many cases in which it is not yet known which element of the 

pair may be the most acted upon, although it may be un- 

doubted that the pair itself produces a voltaic current. Which, 

for example, of the following substances—silver, gold, platina, 

carburet of iron, and peroxide of manganese—is most acted 

upon by distilled water? Yet, whatever pair may be made 

with the said metals, there is a current when it is immersed 

in the said liquid. If it be shown that charcoal, well freed 

from hydrogen and extinguished for some time, may be more 

acted upon by distilled water than the silver, gold and platina, 

by which it may have to electrify itself, how does it happen 

when positively voltaically united with those metals and im- 

mersed in the same liquid? If it be shown that charcoal 

itself, when it is oxidated, may be less acted upon by distilled 

water than the noble metals, yet made into a pair with them 

it acquires negative electricity. If it be shown that tin may 

be more acted upon than copper, nickel, bismuth, cobalt, and 

iron, by the said liquid, yet tin becomes positive when im- 

mersed in such liquid voltaically united with any one of the 

said metals. Zinc united with cadmium is positive even in 

distilled water. Is it known which of the two is most acted 

upon by that fluid ? 
Here, then, are at least twenty cases, all observed by me 

separately, in which it is doubtful upon which of the two 

elements of the pair the liquid exercises the strongest chemi- 

cal action; and it is very certain that one is electrified posi- 

tively and the other negatively. And this number of doubtful 

cases is doubled when it is observed, that when making use of 

alcohol instead of distilled water, the effects are different, 

although the currents may in this case be weaker. ‘The de- 

scription of some experiments made with the said pairs may 

not be useless. 
A plate of platina, and one of silver, fixed to the ends of 

the wire of the galvanometer, were immersed at the same 

time in rectified alcohol, at thirty-three degrees of the scale 

of Bauiné, and there was a deviation of two degrees on the 

part of the platina. Both the plates touched the liquid with 

a surface of four square centimeters. 
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A plate of gold with a surface of eight square centimeters, 
coupled with one of platina having a surface of one square 
decimeter, immersed in the said liquid, produced the deviation 
of a degree and a half, which indicated that the gold was 
positive in contact with the platina. 

And thus, with any other of the above-mentioned pairs 
whatever, a current was obtained, which indicated that one 
of the metals was positive and the other negative. 

XIII. But let us suppose that all these doubtful cases may 
not argue against the chemical theory; let us admit that the 
metal which shows itself positive may be also the most acted 
upon; and that if this is not yet demonstrated, it will be proved 
one day. What must we say of so many other cases, in which 
it is certain which of the two metals is the most acted upon, 
and equally certain that it is not electrified positively, as the 
new theory would assert ? 

Copper united with iron and immersed in ammonia is elec- 
trified negatively in the first moment of immersion. The 
same copper is charged also with negative electricity when 
united with tin and with lead, the pair being immersed in the 
same liquid; yet the copper is more acted upon by the am- 
monia than are the other two metals. 

In the nitric and sulphuric acids, diluted or concentrated, 
are not copper and iron more acted upon than tin and lead ? 
Yet copper as well as iron is electrified negatively when it is 
immersed in the said liquid, united with tin or lead. 

Sulphuric acid, diluted by two hundred parts of water, acts 
less upon cobalt than the copper, polished antimony, and 
antimony slightly oxidated, which being immersed in the said 
acid, promotes effervescence. But the pairs, cobalt and cop- 
per, cobalt and antimony, immersed in the said acid, show 
the cobalt always positive. 

Polished antimony, cobalt, bismuth, nickel, tin, and lead, 
are all less acted upon by acetic acid than copper is; yet 
they are all positive when, in voltaic association with copper, 
they are immersed in the said acid. 

And here are twenty cases (and it is far from difficult to 
find others) in which the two elements of the pair are im- 
mersed in the same liquid, and the metal the least acted upon 
is positive with respect to the other. And it may be said 
that the experiments of the Genevan physicist must have been 
restricted within very narrow limits, if not one of these cases 
came under his notice; since, if the above facts are true, of 
which whoever will repeat them may assure himself, it appears 
to me impossible longer to admit, with M. de la Rive, that 
“le sens du courant est toujours d’accord avec la théorie 



adduced by Prof. Faraday in support of Dela Rive’s Theory. 537 

chimique, et que le métal sur lequel l’action chimique du liquide 
est la plus vive est toujours positif par rapport a lautre.” 
(From the work above cited, p. 14.) 

I should believe, moreover, that one only of the above- 
mentioned facts would suffice to justify the proposition which 
may be read at the end of § XXVII. of my memoir already 
quoted, ‘that the new theory is not sufficient to explain all 
the phenomena presented by simple electromotors, when the 
two plates of which they are formed are immersed in the same 
liquid.” 

XIV. Then when the two elements of the voltaic pair are 
immersed in different liquids, the cases are very many which 
contradict the new theory, and as elsewhere I have observed, 
they may be multiplied almost at the will of the experimenter. 
These were considered by M. de la Rive as apparent anoma- 
lies, and to explain them, I supposed that the two electric 
principles tend to reunite themselves immediately in both 
liquids, that such reunion is more easy in the liquid which 
gives a positive action, and therefore the metal there immersed 
is negative. 

Concerning this hypothetical explanation, after having 
pointed out in § XXX. of my memoir three things to me 
incomprehensible in it, 1 demonstrated, with the assistance of 
experiment, that admitting those immediate reunions of the 
electric principles, very many facts are found in contradiction 
to the theory. And I concluded it “a thing not easy to be ad- 
mitted that nature availed herself of those immediate recompo- 
sitions of the two electric principles, except in those experiments 
which do not in any manner square with the new theory.” And 
I terminated that section with some experiments derived from 
two then recent observations of Signor Becquerel, from which 
was inferred clearly “that in the vollaic pair is a cause which 
gives origin to electricity which cannot be confounded with the 
chemical action, and which is more powerful than it.” 

Now I would ask of Dr. Fusinieri what reply can be found 
in the work of M. de la Rive to these objections? Does he 
think it may suffice to find the same things (confuted by me) 
repeated in it, and without any notice whatever of the confu- 
tation? The silence of M. de la Rive would suffice certainly 
to reply where objections evidently erroneous were treated of ; 
but where I bring forward experiments easy to be repeated, 
why had not Dr. Fusinieri, acute observer as he is, the curi- 
osity to see them before pronouncing a judgment so disad- 
vantageous with respect to them? 

XV. Let us see, finally, what may be replied to the argu- 
ments with which I proved that the Delarivian theory was 



538 Prof. Marianini’s Examination of an Experiment 

not sufficient to explain the phenomena of the complex elec- 
tromotors. 

The chemical theory being shown insufficient to explain 
the phznomena of the simple electromotors, the insufficiency 
as to the explanation of the phenomena of the complex elec- 
tromotors was naturally deduced as a corollary from it; and 
I opposed besides the argument of the invariability of the ten- 
sion, whatever may be the liquid in which the voltaic pairs 
are immersed, when neither their number nor their quality 
vary. And to anticipate the reply which would perhaps be 
made to that argument, that is, that although the different 
fluids may not exert equal chemical actions upon the voltaic 
pairs, yet the difference of the actions exerted upon the two 
elements of the pair being equal, the tension also must be 
invariable; I described an experiment made with two elec- 
tromotors of eight pairs, which had equal tension, although 
the differences of the chemical actions exercised upon the two 
elements of each pair in each of the electromotors were any 
thing but equal; for in one all the plates were immersed in 
distilled water, and in the other the plates of zinc were im- 
mersed in distilled water, and those of copper in dilute sul- 
phuric acid. (§ XXXIV.) 

I undertook to examine also the truly ingenious method 
with which M. de la Rive attempted to explain the effects 
of the piles dependent upon the number of the pairs. To ex- 
plain such effects, M. de la Rive supposes that the tendency 
which the two electric principles have to neutralize each other, 
acts so, that when the poles are not united by any conductor, 
it is the pile itself which serves them as a conductor, in pro- 
ducing the effect of one meeting the other. Thus the force of 
the tension will depend upon the greater or less facility which 
the voltaic apparatus shal] present to the transmission of the 
two fluids. And since it is known that the greater the number 
of the plates to pass through, the more difficult is the trans- 
mission, so the electricity accumulated at one pole will not 
affect the condenser, except in so far as the pile itself shall be 
composed of such a number of pairs that the resistance op- 
posed by the apparatus to the reunion of the two fluids shall 
be sufficiently great for the tension to become sensible. 

And examining in the abstract this tendency, supposed by 
M. de la Rive, in the two electric fluids, to run to neutralize 
each other, even by the way which the electromotor itself 
offers to them, I permitted myself to suggest the following 
dilemma. Either this tendency exists also in the simple elec- 
tromotors, that is formed by one pair alone, or it exists only 
in the complex electromotors. If it be admitted that such 
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tendency exists even in one pair alone, it is not intelligible how 
it happens that the two electricities do not avoid passing the 
damp conductor, the metallic way, which is so much more 
conductive, being open to them. If, on the other hand, it be ad- 
mitted that that tendency exists solely in the complex electro- 
motor, then it is not intelligible how such a property arises in 
it, if the elements of which it is formed (which are also so 
many electromotors) are all without it. And to him who might 
have objected to such an argument, that the greater part of 
the two electric principles takes the metallic way to go to 
neutralize itself, and that adding pairs to pairs the tension 
increases, because the quantity which can pass through the 
electromotor is less ;—to him who, I say, might have thus ob- 
jected, I recailed the fact that the alternations of moist and 
metallic conductors diminish certainly the quantity of electri- 
city which in a given time passes through the voltaic appa- 
ratus, but do not alter the tension. 

I asked, in the second place, why the least indication may 
not be had of such currents in a direction contrary to the 
usual one. And finally, I found it difficult to be admitted 
that the two electric principles tend to retrocede in the pile 
in order to neutralize each other, whilst the virtue of the pile 
consists, on the contrary, in the tendency to accumulate one of 
such principles at the positive pole, and the other at the 
negative. (§ XXXV.) 

The examination instituted by me respecting this manner 
of explaining the effects of the pile was not limited to the 
preceding abstract considerations, but was pursued also with 
experiments. If the tension of a pile is, as M. de la Rive 
says, relative to the greater or less difficulty which the pile 
itself opposes to the passage of the electricity, it will be suf- 
ficient, I said, to render the passage of the electric through 
the electromotor more difficult, to see the tension at the poles 
augmented ; and therefore, after having watched the tension 
of a couronne de tasses, 1 disposed the pairs in other cups, so 
much more ample than the first, that the liquid stratum (which 
was, as in the first apparatus, rain water) interposed between 
each pair was about six times greater; and although here the 
resistance might be much greater which the electricity must 
encounter in moving itself in the apparatus, yet the tension 
was found to be not at all increased. 

In the work of M. de Ja Rive no reply is given either to 
the experiments or to the reasonings here above-mentioned, 
with which I intended to prove the insufficiency of his theory 
in explaining the phenomena of the complex electromotors. 
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But behold us finally at some of my experiments, which the 
learned Genevan undertakes to examine. 

Such experiments are only variations of the last one above 
recorded. In order to render the transmission of the electric 
fluid through the electromotor more difficult, I put between 
each two pairs several inactive arcs, that is, formed of one 
sole copper wire, and the tension was equal to that which was 
observed when the electromotor was arranged as usual. Some- 
times in such experiments the transmissiveness of the appa- 
ratus becomes so much enfeebled, that there is no longer an 
indication of a current even /o the galvanometer, as, for ex- 
ample, when I introduced between the three active pairs three 
hundred and ten inactive ones. Yet, notwithstanding, I found 
no difference in the tension of those three pairs from when 
they were arranged as usual, and the current excited by them 
did not pass through the water of three hundred other glasses, 
and the metallic ares which put them in communication 
with each other. And since M. de la Rive said that the de- 
composing power of the electromotor apparatus must vary ac- 
cording to the relation which exists between the conductivity 
of the liquid which connects the two poles and the apparatus 
itself, I therefore brought forward experiments which showed 
that not to be true, because every time that I rendered the 
passage of the current sensibly more difficult, by adding now 
twenty, now forty, now a hundred inactive pairs, the decom- 
position taking place at the poles became always slackened. 
(§ XXXVI. and XXXVII.) And see how M. dela Rive 
discourses about these experiments at pages 151 and 152 of 
the work quoted. 

*‘ La principale objection du savant italien a été dirigée con- 
tre le principe que javais admis, savoir que les deux fluides 
électriques accumulés aux deux poles de la pile peuvent se 
neutraliser directement par l’intermédiaire de la pile elle-méme 
qui lui sert de conducteur. D’apreés ce principe, dit il, si ’on 
diminue !a conductibilité de la pile on doit augmenter la ten- 
sion de ses deux poles; or, on ne produit pas ce dernier effet 
en interposant dans le liquide qui sépare les couples, un plus 
ou moins grand nombre de diaphragmes de cuivre, interposi- 
tion, qui cependant doit diminuer la conductibilité de la pile. 
Il yaplus; cette interposition non seulement n’augmente pas 
la tension, mais elle diminue méme le pouvoir chimique de la 
pile dans la décomposition de l’eau; cependant lorsque les 
poles sont réunis par un conducteur imparfait, s’il est vrai que 
la proportion @électricité qui passe par ce conducteur et par 
la pile dépende de leur conductibilité rélative, il doit en pas- 
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ser d’autant plus a travers le conducteur que la pile conduit 
plus mal. A l’appuis de ces observations M. Marianini cite 
plusieurs experiences.” 

** Je suis tout-a-fait d’accord avec M. Marianini sur les con- 
sequences qu’il tire du principe que j’ai admis, mais je différe 
sur l’application qu’il en fait; je reconnais avec lui que tout 
ce qui diminue la conductibilité de la pile, doit augmenter la 
tension de ses péles pourvu qu’on naltére en rien la quantité 
@électricité développée par chacun de ses couples; j’ai mon- 
tré par des faits que c’était une condition indispensable. Mais 
la maniére dont M. Marianini diminue la conductibilité de la 
pile, rentre-t-elle bien dans ce cas? Non, car le zinc et le 
cuivre entre lesquels il place les diaphragmes de cuivre ou de 
tout autre métal, n’étant plus dans les mémes conditions que 
le zinc et le cuivre des autres couples, il est facile de com- 
prendre que V’électricité positive du premier et la négative 
amenée par le second, se réunissent en beaucoup moins grande 
proportion a cause de la diminution de conductibilité qui ré- 
sulte pour le liquide qui les sépare, de l’interposition des dia- 
phragmes. Deés lors d’aprés |a théorie que nous avons don- 
née, |’électricité libre de tous les autres couples diminue dans 
le meme rapport que celle du couple que nous venons de con- 
sidérer, de sorte que si d’une part les deux principes élec- 
triques accumulés aux deux pdles ont moins de facilité 4 se 
réunir d’autre part ils sont développées en moindre quantité. 
On concoit que lorsqu’il s’agit de la tension, cas dans lequel 
Pélément du temps n’entre pour rien, puisque le condensateur 
reste en contact avec le pole aussi long temps qu’on le veut, 
les deux effets que nous venons de signaler puissent se com- 
penser: mais il ne peut en étre de méme pour les décompo- 
sitions opérées par le courant et en général pour tous les effets 
dynamiques, car il n’y a pas de temps suffisant pour ’accumu- 
lation des deux principes électriques, et tout ce qui diminue 
Ja quantité de Velectricité libre dégagée en un temps donné par 
chaque couple, et par conséquent aux deux pdles, doit dimi- 
nuer l’intensité des effets produits par Ja circulation de cette 
électricité.” 

M. de la Rive agrees, therefore, with me, that if the prin- 
ciple admitted by him be true, all that which diminishes the 
conductivity of the pile must augment the tension of the poles; 
but he suggests further, that what diminishes the conductivity 
of the pile may in no degree alter the quantity of electricity 
developed by each one of its pairs. 
We will observe here directly, that before these instructions 

of M. de la Rive, the quantity of electricity developed by each 
couple was never said, that I know, to influence the tension, 
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Every one knows that an electromotor of ten pairs has always 
the same tension, whether the plates are large or small, or even 
some small and others large. And it is known likewise, that 
the quantity of electricity developed varies much with the va- 
riation in the dimensions of a// the pairs, or even only of some; 
the galvanometers giving the most certain proofs of it. 

But granted even that this might be, is it then true that the 
method by which I diminished the conductivity of the pile may 
not concern this case, that is, alter the quantity of electricity 
developed by each pair? M. de la Rive seems to say, that 
those pairs between the copper and the zinc, of which I 
placed metallic diaphragms, are not in the same condition with 
the other pairs. But the truth is, that it is not between the 
copper and the zinc of one pair that I placed the diaphragms ; 
but between the zinc of one pair and the copper of another I 
put some inactive pairs, that is, some arcs, formed of copper 
wire, which were immersed in cups containing the liquid con- 
ductor, as those which served for the active pairs. And this 
interpolation I did not make merely between some pairs; but 
in some experiments those arcs were interpolated between 
every one of them; so that all came to be in the same con- 
dition. If ever M. de la Rive should say that those pairs so 
interpolated are not in the same condition as those of another 
electromotor, where there may not be that interpolation of in- 
active pairs, and that, therefore, each pair of the interpolated 
electromotor developes less electricity than each one of the 
other, I would ask, whence the electricity is developed ac- 
cording to the new theory? Is it not perhaps by the chemi- 
cal action of the liquid upon the metal? and ought it not to 
be proportional to the difference of the actions exerted upon 
the zinc and upon the copper? Now, how do those inactive 
ares interrupt the action of the liquid upon the elements of the 
pairs; and then how do they alter the quantity of electricity 
developed ? 

And if yet it should be pretended that the presence of that 
inactive copper wire in the glass, where the zinc or the copper 
of a couple was immersed, might influence the action exerted 
by the liquid upon tie zinc, or upon the copper of the same 
pairs; what influence will the copper wires placed in the other 
successive cups exert? ‘The experiment shows that the ten- 
sion is always the same, when placing one only of those inac- 
tive arcs between the pairs of one pile, as when placing six, 
eight, ten, or any other number whatever between them. 

And these observations, made relative to tension, apply also, 
with the proper difference, to the decomposing power, which 
always diminishes, when, the other things being placed simi- 
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larly, the conductivity of the pile (whatever may be the me- 
thod) is diminished. 

But wishing also to concede that those diaphragms or in- 
terpolated metallic arcs impart to the pairs the condition that 
M. de la Rive desires, how shall we explain the non-altera- 
tion of the tension, when the electromotor is rendered less 
conductive by disposing the pairs in much larger cups, by 
which the liquid strata, through which the electric fluid must 
pass, are more extended? This is the first and principal ex- 
periment which I oppose to M. de la Rive, regarding his man- 
ner of explaining the effects of tension and of decomposition, 
and of which he does not make mention. 

I said that this was the principal of such experiments, be- 
cause the insertion of liquid strata of great extent between the 
pairs occurring io me as difficult, I have applied to it again 
with series of metallic homogeneous arcs, knowing the diffi- 
culty which the electric current encounters in passing through 
alternate liquid and metallic conductors. Now, I have re- 
peated that principal experiment also on a large scale, that is, 
with two electromotors ; the one with small troughs, in which 
the plates were so disposed, that between the copper of one 
pair and the zinc of the next there was only a stratum of water 
of the size of one millimeter; and the other with great re- 
ceivers, so that the stratum of water, which divided one pair 
from the other, was half a meter. The number of the pairs 
being equal in both apparatus, the tension was also equal in 
both. 

I have tried also to oblige the current to pass through many 
cups of water connected by means of little siphons filled with 
the same liquid; but I did not succeed by this in obtaining in- 
creased tension. 

Finally, inorder not to vary in any way the conditions of 
the apparatus with respect to the development of the electri- 
city according to the electro-chemical theory, I prepared a 
pile of three pairs, in one of which the plate of zinc commu- 
nicated with that of copper by a small metallic wire a thou- 
sand meters in length, and in each of the other two the wire 
which connected the copper and the zinc was five hundred 
meters in length. ‘The apparatus was arranged so that that 
communication could be easily taken away, and one substi- 
tuted for it, not longer than four or five millimeters. Now, 
when the metallic communications between the zinc and the 
oar. were formed of short wires, the deviation which the 
pile produced in the galvanometer was twenty degrees; and 
when the long were substituted for the short wires, it was only 
fourteen ; yet the tension was always the same in both cases, 
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For if M. de la Rive, in all these experiments, found the 
conditions always varied in order that the chemical action 
upon each couple might excite the same electricity, I should 
desire very much that he would point out at least one experi- 
ment in which the couples remaining equal both in number and 
quality, but the conductivity of the pile varying, the tension 
might be seen likewise to vary. This experiment I expected to 
find described in the above-mentioned work, after his having 
said that he agreed with me, that all which diminishes the con- 
ductivity of the pile, must, according to his theory, augment 
the tension of the poles; I expected also, that he would only 
disagree with me in regard to the mode of diminishing the 
said conductivity. I find instead, that M. de la Rive says, 
that in my method of weakening the conductivity of the pile, if 
on one part the two electric principles met together at the 
poles have less facility of reuniting themselves, they are deve- 
loped in less quantity. But truly he should agree that they 
might be developed not in less quantity, although with less 
tension, that the electric principles might show themselves 
unvaried in the tension at the poles of the pile, notwithstanding 
that its conductivity might vary. 

[To be continued.] 

LXXX. Notices of the Results of the Labours of Continental 
Chemists. By Messrs. W. Francis and H. Crorr. 

[Continued from p. 442.] 

Action of Chlorine on Oxalic Atther. 

Mé4Lacutl has published a series of interesting experi- 
ments on the action of chlorine on oxalic «ther. He has 

succeeded in preparing a chloroxalic ether, in which the entire 
quantity of the hydrogen of oxalic zther is replaced by an equi- 
valent quantity of chlorine, C'* Cl'? O'*, The resulting chloro- 
xalic ather affords with liquid ammonia oxamid, with gaseous 
ammonia chloroxamethane, a body comparable in every respect 
to oxamethane. The chloroxamethane is converted by the ac- 
tion of liquid ammonia into chloroxalovinate of ammonia, from 
which may be obtained the chloroxalovinic acid, which differs 
from oxalovinic acid solely from its containing chlorine in the 
place of hydrogen. This acid may be obtained in an anhydrous 
state by the action of alcohol on chloroxalic zther, which may 
again be made to give birth to a chlorated acid, especially by 
the oxidizing action of alkalies. One of the most remarkable 

* [The system of formule in this abstract is different from that in the 
former abstracts; the small French value for carbon haying been assumed. ] 
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results of these experiments is the preservation of the chemi- 
cal properties of the oxalic ether after it has exchanged ten 
atoms of hydrogen for ten of chlorine. In examining the fol- 
lowing table, in which are stated comparatively all the trans- 
formations of oxalic ether and of chloroxalic ether, we shall 
arrive at the conviction that the one series is merely a repe- 
tition of the other. 

Oxalic Ether, and Compounds | Chloroxalic ther, and Compounds 
derived from it. derived from it. 

C H'° O oxalic sether Cz Cle OF chloroxalic zther 
Cc Eis O%, C+ O® oxalovinic | Gi ji O', C* Os chloroxa- 

acid lovinic acid 
Cr H» Ot, C+ O03, H2 O hy- C Cle Ot, C+ O3, He O hy- 

drate of oxalovinic acid Hcg wteP UP EHD Ratalow? asia wee ee ee 
evanales “he roxalovinates 
Ce He Of, C+ O? N° Ht ox- | CieC}o Os, C+ O2 Ne Ht chlo- 

amethane E roxamethane 
Ct O? N? H: oxamid | Ct O2 N? H+ oxamid. 

Not long ago, if, after the inspection of this table, chloroxalic 
eether had been said to be, chemically speaking, nothing further 
than oxalic zther containing chlorine instead of hydrogen, no 
objection would have been made. But this is perhaps no longer 
the case at present; the mode of expression will nevertheless be 
the most simple and most pure as given by experiment. 

Before concluding this notice, we may direct attention to a 
paper in the Annales de Chimie et de Physique, by De la Provo- 
staye, on the Isomorphism between Oxamethane and Chlor- 
oxamethane, of which a translation has already been presented 
to the readersof this Journal (p.372); his conclusions as to their 
isomorphism must, however, be confirmed before they can be 
adopted. Prof. H. Rose, in a paper recently published on 
the Combinations of the Volatile Chlorides with Ammonia, 
(Taylor’s Scientific Memoirs, vol. ii. p. 32,) which contains 
some valuable remarks on Dumas’s theory of substitutions, 
hints at the measurements of the crystals not being satisfactory. 

State of Urea in Urine. 
Very different views have been entertained respecting the 

state of urea in urine. Persoz considers it to be merely a pro- 
duct of sundry reactions, especially of heat, on urine, which he 
conceives to be proved from the syrupy mass obtained by 
freezing urine at —13° to —18° centigrade, when treated with 
nitric acid, only producing crystals of the nitrate of urea, after 
it has been for some time heated. Morin admits in urine solely 
a chlorine compound of his uril. Cap and Henry, on the con- 
trary, maintain that urea is present in the urine of man as the 
lactate of urea. The experiments which M. Lecanu has re- 

Phil, Mag. 5, 3. Vol. 18, No. 120, Suppl, July 1841. 2N 
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cently published speak in favour of none of these opinions. We 
will here briefly give the conclusions which he has drawn from 
his experiments, viz. that the extraction of urea, by the various 
methods in which heat is employed, is not at all, as Persoz 
supposes, due to the production of this substance under the 
influence of heat; that Morin’s protochloride of uril is no- 
thing more than an intimate mixture, or rather a combination 
of urea with the chloride of ammonium; that the methods by 
which Cap and Henry supposed they had extracted lactate of 
urea give merely mixtures in which urea and lactic acid exist 
in a free state; that, lastly, urea can be extracted from urine, 
by means of alcohol nearly pure, without the employment of 
acids or alkalies, of which it might be believed that they de- 
stroy the natural state of combination of the urea. 

Errata in Messrs. Francis and Croft’s Notices of the Results of the Labours 
of Continental Chemists. 

Dear Sir, To Richard Taylor, Esq. 

At your request we furnish you with a list of the errata contained in our 
abstracts. Most of them are such that every chemist will have been able 
to detect and correct them immediately, for instance, Aq O instead of AgO, 
where a silver salt is spoken of ; and Ag instead of Aq, where nothing about 
silver occurs. We are inclined to believe that most of your readers will 
have had the kindness to regard them as typographical errors, and will not 
have considered their occurrence a fair occasion to make a display of their 
superior knowledge, as a certain Mr, W.A. M. has done, who informs us that 
KI should be written without a dot over the K. We shall endeavour to 
obviate the occurrence of such errata in future: at the same time it must be 
recollected that the great distance prevents us from having proofs trans- 
mitted. Yours truly, 

Berlin, May 184}. W.F. and H. C. 
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{Continued from p. 311 *.] 
Jan. = reading of a paper entitled, “‘ On the action of certain 
1841. Inorganic Compounds when introduced directly into the 

Blood.” By James Blake, Esq., M.R.C.S. Communicated by P.M. 
Roget, M.D., Sec. R.S., was resumed and concluded. 

The present paper is a continuation of a memoir read at the Aca- 
démie des Sciences of Paris, in 1839, and entitled, “ Effets de di- 
verses substances salines, injectées dans le systéme circulatoire f. 

After some preliminary remarks on the mode in which the ex- 
periments were conducted, and on the assistance derived from the 
hemadynamometer of Poiseuille (or instrument for measuring the 
pressure of the blood circulating in the vessels), the author gives a 
list of the various saline substances of which he noted the effects 
when they were severally injected either into the venous or the 
arterial systems, arranged according to the nature of those effects. 
He finds, in general, that all the salts having the same base exert 
similar actions when introduced directly into the blood. He 
carefully inquires into the phenomena apparently arising from the 
direct contact of each of the substances above enumerated with the 
animal tissues ; and more particularly into the effects produced on 
the heart, on the muscular and the nervous tissues, and on the pul- 
monary and systemic capillaries. 

The first series of experiments related are those on the action of 
the salts of magnesia: these are found, when introduced in any 
quantities into the blood, to arrest altogether the action of the heart ; 
but a still more remarkable effect which results, is the complete pro- 
stration of muscular power. The salts of zinc have a similar opera- 
tion under the same circumstances, but produce the same effects in 
smaller quantities. The action of the salts of copper, of lime, of 
strontia, of baryta, and of lead, are considered successively in the 
order in which they are more closely related by their physiological 
actions. he author particularly notices the peculiar action which 
the salts of the three last-named substances exercise on the muscular 
tissues, occasioning contractions in them during many minutes after 
death produced by their introduction into the blood. These mus- 
cular movements were, in some cases, observed forty-five minutes 
after the cessation of the heart’s action. Experiments with the salts 
of silver and of soda are then detailed; substances, which exhibit a 
remarkable similarity in their actions on the pulmonary tissue, on 
the heart, and on the systemic capillaries: for while, in the case of 
all the other salts already mentioned, death seems to be produced 
by the destruction of the irritability of the heart, the fatal result 
with the salts of silver and of soda is the consequence of their action 
on the tissue of thelungs. The physiological actions of the salts of 

[* Two notices of communications made to the Royal Society, accident- 
ally omitted from their proper place, will be found with the Miscellaneous 
Articles in the present Number.] 

+ Published in the “ Archives rete de Médecine ; Nov, 1839,” 
2 
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ammonia and of potass were found by the author not to correspond 
with any of the preceding. Although agreeing perfectly with one 
another in their action upon the heart and systemic capillaries, they 
differ extremely in their effects on the nervous tissue; ammonia 
being particularly distinguished from all inorganic compounds in 
this respect, and being very analogous to poisons derived from or- 
ganic products, which it also resembles in its chemical properties. 

The general conclusion which the author is led to draw from these 
researches is, that there exists a close relation between the chemical 
properties of the substances experimented upon, and their physiolo- 
gical effects; his experiments tending to prove, that, when introduced 
into the blood, substances which are isomorphous exert similar ac- 
tions on the living tissues. He notices, however, two exceptions 

to this law ; namely, the similarity of the actions exerted on the pul- 
monary tissue by the salts of lead with those of silver, although these 
salts are not isomorphous; and also the action on the nervous tissue 
of the salts of ammonia being different from that of the salts of potass. 
But he remarks that the oxide of lead bears a close analogy to the 
oxide of silver in its relation to organic compounds. ‘The general 
fact previously announced by the author in his memoir read to the 
Academy of Sciences at Paris, namely, that salts with the same base 
have analogous actions, may be considered as a corollary of the 
above law. 

February 4.—A paper was read, entitled, ‘‘On some Electro- 
Nitrogurets.”.. By Wm. Robert Grove, Esq., M.A., F.R.S. 

The author states that he has made many attempts to render per- 
manent the ammoniacal amalgam, and that he has succeeded in 

freezing it by means of solid carbonic acid, during which solidification, 
and also while in its solid state, it underwent no chemical change. 

He subsequently attempted to procure a permanent compound by 
electrolyzing a solution of hydrochlorate of ammonia with an ex- 
tremely fusible alloy at the cathode; but this attempt was unsuc- 
cessful. It then occurred to him, that by using an oxidable metal 
at the anode, which could be revived in conjunction with nascent 
hydrogen and nitrogen at the cathode, one or both of these elements 
might be combined with the solid metal, and so form permanent 
compounds. 

The experiment made in this manner with the metals zinc, cad- 
mium, and copper, was perfectly successful. A spongy mass col- 
lected at the cathode, which floated upon the liquid, and which, 
when washed and dried, was analysed by heating in a tube retort ; 
five grains of the zinc compound gave 0°73 of a cubic inch of perma- 
nent gas, which on examination proved to be nitrogen with one- 
fourth hydrogen. The same quantity of the cadmium compound 
gave 0°207 cubic inch of nitrogen with no admixture of hydrogen. 
A like weight of the copper compound gave 0°107 of nitrogen. 
No ammonia was evolved from either; and the author is inclined to 
think that the hydrogen yielded by the zinc compound resulted from 
the reaction of the metal upon combined water. The specific gra- 
vity of specimens of these substances which the author tried were 
respectively 4°6, 4:8, and 5°9. A mixed solution of chloride of 
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gold and hydrochlorate of ammonia, electrolyzed with platinum elec- 
trodes, gave a black powder of the specific gravity 10°5 ; five grains 
of which, being heated, gave only 0°05 cubic inch of gas. The 
author proceeds to observe, that the similarity in appearance and 
mode of formation of these compounds and of the mercurio-ammo- 
niacal amalgam, is strong evidence of identity of constitution, and that 
the non-permanence of the latter substance is due to the mobility of 
the mercury ; for if we place the compounds in similar circumstances, 
that is, solidify the mercurial one, or liquefy those of the other me- 
tals, the phenomena are perfectly analogous. The experiments 
also bear immediately upon those of Thénard, Savart, and others, 

where ammonia, passed over heated metals, was found to be decom- 

posed more completely by the oxidable than by the imoxidable me- 
tals, and to alter their physical characters without materially in- 
creasing their weight*. On examining papers connected with this 
subject, the author found that Mr. Daniell had cursorily noticed a 
deposit somewhat analogous to those here treated of, which was 
formed upon the negative plate of his constant battery when this 
was charged on the zinc side with hydrochlorate of ammonia, and 

the nature of which that gentleman observed was worthy of further 
examination, but had not had time to investigate. 

February 11.—A paper was read, entitled, ‘‘ Contributions to 
Terrestrial Magnetism, No. 2.” By Major Edward Sabine, R.A., 
V.P.R.S.F 

This paper is the second of a series, in which the author purposes 
to communicate to the Royal Society the results of magnetic ob- 
servations in different parts of the globe, having for their object to 
supply the requisite data for deducing the numerical elements corre- 
sponding to the present epoch of the general theory of terrestrial mag- 
netism. It consists of two sections; the first comprises the obser- 

vations of Captain Belcher, R.N., and the officers of H. M.S. Sul- 
phur, at twenty-nine stations on the west coast of America, and the 

adjacent islands, between the latitudes of 60° 21’ N. and 18° 05'S. 
The second contains a new determination, by the same officers, of the 
magnetic elements at Otaheite, made in consequence of the discre- 

pancies in the results obtained by previous observers, and of a note 
in M. Gauss’s Allgemeine Theorie, in which Otaheite is spoken of 
as a highly important station for the future improvement of the cal- 
culations of the theory. Abstracts are given of the original obser-~ 
vations which are deposited in the Hydrographic Office of the Ad- 
miralty, as well as a full detail of the processes of reduction by which 
their results have been computed. ‘The values of the horizontal and 
total intensities are expressed in terms by which the results of ob- 
servation are ithmediately comparable with the maps of MM. Gauss 
and Weber in the “ Atlas des Erdmagnetismus.” 

By an investigation into the ‘ probable error’ ’ of a single inde- 

[* Notices of the experiments of Savart and Despretz on this subject 
were given in Phil. Mag., Second Series (Phil. Mag. and Annals, N. S.), 
vol. iv. p. 155; vol. vi. p. 147.] 

{+ A notice of No. 1. appeared in Phil. Mag., Third or present Series 
(L. and E. Phil. Mag.), vol. xvii. p. 144.] 
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pendent determination of the magnetic intensity with Hansteen’s 
apparatus, derived from the data furnished by Captain Belcher’s ob- 
servations, the author shows the extreme improbability that the 
differences in the results obtained at Otaheite by Messrs. Erman, 

FitzRoy and Belcher, should be occasioned by instrumental or ob- 
servational error. ‘They are also far greater than can, with any de- 
gree of probability, be ascribed to periodical or accidental variations 
in the magnetic force from its mean value. The only known cause 
adequate to their explanation is what may with propriety be termed 
Station error; that is, local disturbing influences, in an island com- 
posed chiefly of volcanic rocks, and where the spot of observation 
selected by the different observers may not have been precisely the 
same. 

By a reference to the magnetic survey of the British Islands, the 
occurrence of station error is shown to be frequent in countries of 
far less decided igneous character than Otaheite; and that its exist- 
ence may always be apprehended where rocks of that nature approach 
to, or rise through, the superficial soil. The absolute determinations 
of fixed observatories are as liable to station error as those of the mag- 
netic traveller, since no continuance or repetition of the observations 
can lead to an elimination of the error; it consequently presents a 
practical difficulty to the proposed determination of the elements 
of the theory from exact observation at only a few selected positions 
on the globe. The remedy is to be found in the combination of 
fixed observatories and magnetic surveys: the observations of the 
survey, being made in concert with, and based on those of the fixed 
observatory, will be furnished thereby with corrections for the se- 
cular, periodical, and accidental variations of the elements, and will 
consequently determine mean values: and a proper combination of 
the mean values thus determined, over a space sufficiently extensive 
to neutralize district anomalies, as well as those of a more strictly 
local character, will furnish, in their turn, a correction for the sta- 
tion error, if any, of the fixed observatory. 

A paper was also read, entitled, ‘‘ On the Calculation of Attrac- 

tions, and the Figure of the Earth.’ By C. J. Hargreave, B.A., 
of University College. Communicated by John ‘T. Graves, M.A., 

F.R.S., Professor of Jurisprudence, University College, London, 
The principal object of the calculations contained in this paper 

is to investigate the figure which a fluid, consisting of portions, 
varying in density according to any given law, would assume, when 
every particle is acted upon by the attraction of every other, and by 
a centrifugal force arising from rotatory motion. ‘That such has 
been the original condition of the earth has been assumed as the 
foundation of most of the mathematical calculations connected with 
this inquiry ; although the hypothesis itself may admit of doubt. 
The principal difficulty of this problem consists in the computation 
of the attraction of a body of any given figure, and composed of 
strata varying in their densities according to any given law. In sol- 
ving it, the author follows the steps of Laplace as far as the point 
where the equation, known by his name, first appears. It has, 
however, since been discovered by Mr. Ivory, that the theorem of 
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Laplace is true only of spheroids of a particular kind, and conse- 
quently it is to this kind that Laplace’s solution of the problem is re- 
stricted. The method given in the present paper is not confined in 
its operation to any particular class of spheroids ; the coefficients of 
the series into which the required function is developed being deter- 
mined absolutely, and without reference to the form of the spheroid 
to which they are to be applied. The principal change consists in 
the different manner of treating the partial differential equation ; 
and its integration, effected by the author, renders the analysis more 
direct, the operations more simple, and the theory complete. 

February 18.—A paper was in part read, entitled, “ Memoir on 
a portion of the Lower Jaw of an Iguanodon, and other Saurian 
Remains discovered in the strata of Tilgate Forest, in Sussex.” By 
Gideon Algernon Mantell, Esq., LL.D., F.R.S, 

February 25.—The reading of a paper, entitled, “ Memoir on a 
portion of the Lower Jaw of an Iguanodon, and other Saurian Re- 
mains discovered in the strata of Tilgate Forest, in Sussex.” By 
Gideon Algernon Mantell, Esq., LL.D., F.R.S., was resumed and 
concluded. 
When the author communicated to the Royal Society, in the year 

1825*, a notice on the teeth of an unknown herbivorous reptile, 
found in the limestone of Tilgate Forest, in Sussex, he was in hopes 
of discovering the jaws, with the teeth attached to it, of the same 
fossil animal, which might either confirm or modify the inferences 
he had been led to deduce from an examination of the detached 
teeth. He was, however, disappointed in the object of his search 
until lately, when he has been fortunate enough to discover a por- 
tion of the lower jaw of a young individual, in which the fangs of 
many teeth, and the germs of several of the supplementary teeth, 
are preserved. The present paper is occupied with a minute and 
circumstantial description of these specimens, and an elaborate in- 
quiry into the osteological characters and relations presented by the 
extinct animals to which they belonged, as compared with existing 
species of Saurian reptiles ; the whole being illustrated by numerous 
drawings. The comparison here instituted furnishes apparently con- 
clusive proof that the fossil thus discovered is a portion of the lower 
jaw of a reptile of the Lacertine family, belonging to a genus nearly 
allied to the Iguana. From the peculiar structure and condition of 
the teeth it appears evident that the Zguanodon was herbivorous; 
and from the form of the bones of the extremities it may be inferred 
that it was enabled, by its long, slender, prehensile fore-feet, armed 
with hooked claws, and supported by its enormous hinder limbs, to 
pull down and feed on the foliage and trunks of the arborescent . 
ferns, constituting the flora of that country, of which this colossal” 
reptile appears to have been the principal inhabitant. 

Some particulars are added respecting various other fossil bones 
found in Tilgate Forest, and in particular those of the Hyleosaurus, 
or Wealden Lizard (of which genus the author discovered the re- 
mains of three individuals), and of several other reptiles, as the 

[* See Phil. Mag., Second Series, vol. ii. p. 444; v. p. 153; vii. p. 54: 
also Third Series, vol. v. p. 77; and present Number, p. 568.) 
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Megalosaurus, Plesiosaurus, and several species of Steneosaurnus, 
Pilerodactylus, and Chelonia, as also one or more species of a bird 
allied to the Heron. All these specimens are-now deposited in the 
British Museum. 

A paper was also read, entitled, “ On a Theorem of Fermat.” 
By Sir John William Lubbock, Bart., V.P., and Treas. R.S. 

March 4.—A paper was read, entitled, ‘‘ Miscellaneous Observa- 
tions on the Torpedo.” By John Davy, M.D., F.R.S. 

The experiments described in this paper were made on a single 
fish, of middle size, recently taken out of the water. Portions of 
the electrical organs, cut transversely in thin slices, exhibited under 
the microscope many elliptical particles, apparently blood-cor- 
puscles, the long diameter of which was about 1-800th, and the 

short about 1-1000th of an inch, and a few filaments, apparently 
nervous, irregularly scattered; some of them tortuous, and all about 
the 2000th of an inch in diameter. The latter bore no resemblance 
to muscular fibres. ‘lhe blood contained some globular particles, 
having a diameter of the 4000th of an inch, mixed with the elliptical. 
The mucus for lubricating the surface was found to contain globules 
apparently homogeneous in substance, but of irregular outline, and 
in size varying from the 2000th to the 270th of an inch. 

A paper was also read, entitled, ‘‘ On a remarkable property of 
the Diamond.” By Sir David Brewster, K.H., D.C.L., F.R.S.L., 
V.P.R.S. Ed. 

On re-examining the phenomena of parallel bands of light 
and shade exhibited by reflexion at the plane surface of a diamond, 
which the author had noticed some vears ago, he concludes that 
they result from the reflexions of the edges of veins or lamine, of 
which the visible terminations are inclined at different angles, not 
exceeding two or three.seconds, to the general surface. He gives 
an account of several analogous facts observable in other crystals, 
more especially those of carbonate of lime, artificially polished in 
surfaces inclined to the natural planes of cleavage. 

March 11.—The following papers were read : 
1. “ Ona Cycle of Eighteen Years in the Mean Annual Height of 

the Barometer in the Climate of London ; and on a Constant Varia- 
tion of the Barometrical Mean, according to the Moon’s Declina- 
tion.” By Luke Howard, Esq., F.R.S. 

For obtaining the general results communicated in the present 
paper, the author has followed the same method as that he had 
adopted in the two former papers laid before the Society on the con- 
nexion of the barometrical variation with the lunar phases and apsides. 
Tables are given of the barometrical averages on successive solar 
years, from 1815 to 1832, so constructed as to exhibit the variation 
of the moon’s influence according to her declination; and also of 
these averages on successive cycles of nine solar years, classed 
according to the moon’s place in declination, on either side of the 
equator. ‘The results deduced from these comparisons are, first, 
that the barometrical mean in this climate is depressed by the moon’s 
declination being to the south of the equator; and, secondly, that 

this depression takes place gradually, commencing with the moon’s 
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being in full north declination, and proceeding through her remain- 
ing positions to the time when she crosses the equator to resume the 
northern declination ; at which season, the whole pressure that had 
been withdrawn from the atmosphere is suddenly restored. ‘The 
author thinks there is evidence of a great tidal wave, or swell in the 

atmosphere, caused by the moon’s attraction, preceding her in her 
approach to, and following her slowly as she recedes from these la- 
titudes; so that were the atmosphere a calm fluid ocean of air, of 
uniform temperature, this tide would be manifested with as great re- 

gularity as those of the ocean of waters. But the currents uniformly 
kept up by the sun’s varying influence effectually prevent this from 
taking place, and involve the problem in complexity. He finds that 
there is also manifested in the lunar influence a gradation of effect, 

which operates through a cycle of eighteen years. ‘The mean press- 
ure of the atmosphere during the first part of this period increases ; 
and then, after preserving for a year its maximum amount, again 
decreases through the remaining years of the cycle, but exhibits, 
towards its minimum, some fluctuations before it again regularly 
increases*. 

2. ‘On a remarkable depression of the Barometer in November 
1840, agreeing very closely in its movements and results with that 
of December 1821.” By Luke Howard, Esq., F.R.S. 

The object of the author in the present paper is to show the close 
correspondence of the extraordinary depression of the barometer in 
the months of October and November of last year (1840), and of 
the remarkably stormy weather which prevailed at the same period, 
with similar phenomena occurring in December 1821, when the 
moon’s place in declination underwent the same changes during 
those two periods, at an interval of nineteen years. 

3. “ General results of Meteorological Observations at Constanti- 
nople.” By J. W. Redhouse, Esq. Communicated by John Davy, 
M.D., F.R.S. 

4. “Term-Observations made at Prague in November and De- 
cember 1840, and January 1841.” By C. Kreil. Communicated 
by S. Hunter Christie, Esq., M.A., Sec. R.S. 

March 18.—The following Magnetical and Meteorological Obser- 
vations, taken in conformity with the Report drawn up by the Com- 
mittee of Physics including Meteorology, for the guidance of the 
Antarctic Expedition, as also for the various fixed Magnetic Obser- 
vatories, have been communicated by the Lords Commissioners of 
the Admiralty, and by the Master-General of the Ordnance, viz.— 

1. ‘‘ Magnetic-term Observations, taken at Kerguelen’s Land, 
for May and June 1840.” By Capt. James Clark Ross, R.N., F.R.S., 
Commander of the Expedition. 

2. ‘* Hourly Magnetic Observations taken at Kerguelen’s Land, 
commencing May 25, and ending June 27,1840.” By Capt. James 
Clark Ross, R.N., F.R.S., &c. 

3. “‘ Meteorological Observations taken on board Her Majesty’s 
Ship Lrebus, for October, November, and December 1839, and from 

[* On the subject of this paper see p. 555 and 559.] 
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January to August 1840.’’ By Capt. James Clark Ross, R.N., 
F.R.S., &e. 

4. ‘Meteorological Observations taken on board Her Majesty’s 
Ship Terror, for November and December 1839, and from January to 
July 1840.” By Capt. T. B. M. Crozier, R.N. 

5. A paper was also in part read, entitled, “ On the Localities af- 

fected by Hoar-frost, the peculiar currents of Air excited by it, and 
the Temperature during its occurrence at High and Low Stations.”’ 
By James Farquharson, LL.D., F.R.S., Minister of the Parish of 
Alford. 

March 25.—The following communications were read, viz.— 
1. The reading of a paper entitled, ‘‘ On the Localities affected 

by Hoar-frost, the peculiar currents of Air excited by it, and the 
Temperature during its occurrence at High and Low Stations.” By 
James Farquharson, LL.D., F.R.S., Minister of the Parish of Alford, 

was resumed and concluded. 
The author states that he has been accustomed, for the last forty 

years, to make observations on the occurrence of hoar-frost, and the 
circumstances under which it takes place, with a view of obtaining 
a correct explanation of the causes of that phenomenon. It is well- 
known, he observes, that the localities chiefly affected with hoar- 
frost are the bottoms of valleys, and land-locked places of all kinds, 
whether natural or artificial. The altitude to which its effects reach 
on the sides of the valleys is dependent on the mean temperature of 
the day and night at the time of its occurrence: when that tempe- 
rature is high, the lower places only are affected by the frost; but 
when low, the frost extendsto muchhigher grounds. Hoar-frost occurs 
only during a calm state of the air, and when the sky is clear; but 
the stillness of the air in the bottoms of the valley is invariably ac- 
companied by downward currents of air along all the sloping sides 
of the valley ; and it is to this fact, first noticed by the author, that 
he wishes more particularly to direct the attention of the Society, as 
affording a decisive proof of the correctness of the views he entertains, 
being in accordance with the theory of Dr. Wells. He finds that 
after sunset, in all seasons of the year, and at all mean temperatures 
of the air, and whether or not the ground be covered with snow, 

whenever the sky is clear, although there may be a dead calm at the 
bottoms of the valleys, currents of air, more or less strong and steady, 
run downwards on the inclined lands, whatever may be their aspect 
with reference to the points of the compass. These currents are the 
result of the sudden depression of temperature sustained by the sur- 

face of the earth in consequence of rapid radiation, by which the 

stratum of air inimmediate contact with that surface, becoming spe- 
cifically heavier by condensation, descends into the valley, and is 
replaced by air which has not been thus cooled, and which therefore 
prevents the formation of hoar-frost on the surface of these declivities. 

2. «Term-Observations of Magnetic Observations, the Variation 
of the Magnetic Declination, Horizontal Intensity and Inclination 

at Prague; for June, July, September, and October 1840.” By 

Prof. Kreil. Communicated by S. Hunter Christie, Esq., Sec. R.S. 
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__ 3. ‘Term-Observations of the Variation of the Magnetic Decli- 
nation, Horizontal Intensity and Inclination at Milan; for June 

1840.” By Francesco Carlini, For. Memb. R.S., Director of the 
Observatory. 

4. “On Ground-gru, or ice formed, under peculiar circumstances, 
at the bottom of running water.” By James Farquharson, LL.D., 
F.R.S., Minister of the Parish of Alford. 

The author brings forward in this paper several recent observa- 
tions on the formation of ice at the bottom of rivers, the conditions 
of which corroborate the views regarding the cause of that phzno- 
menon, which he presented in a paper on this subject, published in 
the Philosophical Transactions for 1835 (p. 329) *, namely, that it 
occurs in consequence of the loss of heat by radiation from the bot- 
tom of the water, in a manner precisely analogous to the formation 
of hoar-frost on the surface of dry land, as first explained by Dr. 
Wells. He then answers some of the objections to that theory pro- 
pounded in an article, under the title of Grounp-Gnru, in the Penny 
Cyclopedia, and shows that those objections are founded in error, 
and possess no validity. 

5. “ Meteorological Observations made at the Magnetic Observa- 
tory at St. Helena, from February to October 1840.” By Lieut. 
J. H. Lefroy, R.A. 

6. ‘‘ Meteorological Observations made at the Magnetic Observa- 
tory at Toronto, Upper Canada, from January to October 1840.” 
By Lieut. E. J. B. Riddell, R.A. 

7. “Observations on Magnetic Direction and Intensity made at 
the Observatory at Milan during the 24th, 26th and 27th of January 
1841.” By Prof. Carlini. 

8. “Note on an irregularity in the Height of the Barometer, of 
which the argument is the Declination of the Moon.” By Sir John 
William Lubbock, Bart., V.P. and Treas. R.S. 

In the Companion to the British Almanac for 1839, the author in- 
serted some results which were obtained with a view of ascertaining 
the influence of the moon on the barometer and on the dew-point. 
Mr. Luke Howard’s researches on this subject (ante, p. 552) having 
recalled his attention to that paper, he found that some of the results 
he had given appeared to indicate that the moon’s position in decli- 
nation influences the barometer. In order to render this more ma- 

nifest, he combines in the present paper all the observations he gave 
in the Companion to the British Almanac in three categories. These 
observations correspond to different angular distances of the moon 
from the sun, or times of transit; butas the inequality of the ocean, 
of which the argument is the moon’s declination, is independent, or 
very nearly so, of the time of the moon’s transit, it is probable that so 
also is that in the height of the barometer. In this case we may 

with propriety combine in the same category observations which 
correspond to similar declinations, although to different times of 

transit. The results stated by the author seem to indicate an ele- 

[* An abstract of this paper will be found in Phil. Mag., Third Series, 
vol. vii. p. 137.} 
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vation of nearly one-tenth of an inch for 17 degrees of declination. 
The inequality has a contrary sign to the inequality of the same ar- 
gument in the tides of the ocean. 

April 1.—The following letter, addressed to the President, was 
read :— 

“4, Trafalgar Square, London, March 25th, 1841. 

“ My Lorp,—I have the honour of transmitting to Your Lordship 
for presentation to the Royal Society, an original portrait of Sir 
Isaac Newton by Vanderbank, a Dutch painter of some note in that age. 

*« This picture has now been many years in my possession, and the 
tenure by which I have kept it (as a collateral descendant of so 
illustrious a man) was too flattering not to have been a source of 
great personal gratification. 

“But I consider such a portrait to belong of right to the scientific 
world in general, and more especially to that eminently distinguished 
Society of which Newton was once the head, and which is now so 
ably presided over by Your Lordship. 

“T have, therefore, to request Your Lordship will do me the 
honour to present this original portrait of Sir Isaac Newton to the 
Royal Society in my humble name. 

“Accident having destroyed some of the papers of my family, I 
am unable of myself to trace the entire history of this portrait, but I 
believe more than one member of the Royal Society is competent to 
do so, and it is well known to collectors; and a small mezzotinto 
engraving of it was published about forty years ago. It was painted 
the year before Newton died, and came into the family of the cele- 
brated Lord Stanhope, who left it by his will to my grandfather, 
the late Dr. Charles Hutton, a distinguished member of the Royal 
Society, expressly on the well-authenticated account of that eminent 
mathematician having been remotely descended from Sir Isaac New- 
ton, in the following way, as I find on a family manuscript ; viz. 
‘that the mother of the well-known James Hutton and the mother 
of Dr. Charles Hutton were sisters ; and the grandmother of James 
Hutton and the mother of Sir Isaac Newton were also sisters.’ 

“J have ever considered this very distant connexion with so great 
a man should not be an inducement to lead me into any but casual 
mention of the circumstance, that I might avoid the imputation of 
a vain boast; nor would it have been brought forward now, except 
to explain the cause by which this portrait came into the possession 
of an individual who is happy in relinquishing it to grace the Hall 
of Meeting of the Royal Society. 

“‘T have the honour to subscribe myself, 
** Your Lordship’s very obedient humble Servant, 

“CHARLES VIGNOLLES.’ 

“ The Right Honourable the Marquess of Northampton, 
&e. &c. &e. 

President of the Royal Society.” 

The following papers were read, viz.— 
1. “A Meteorological Journal for 1840, kept at Allenheads, 
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Northumberland, with a few remarks on the Rain-gauge.” By the 
Rev. W. Walton, F.R.S. 

The author shows that if the mouth of a rain-gauge be placed in 
any plane which is not perfectly horizontal, the results will be liable 
to inaccuracy, whatever may be the direction in which the rain falls. 
He thinks that, on many occasions, the drops of rain diminish in 
their size during their descent on entering warmer regions of the 
atmosphere, so as finally to disappear. 

2. ‘The Scholar’s Lute among the Chinese.” By — Lay, Esq. 
Communicated by S. H. Christie, Esq., Sec. R.S. 

The Kin, which is the stringed instrument here described, was 
the one played upon by Confucius and the sages of antiquity, and is 
therefore held sacred by men of letters. 1¢ is made of the Woo-tung, 
or Dryandria cordifolia. It is convex above and plane below, and is 
wider at one end than at the other; it has two quadrangular aper- 
tures in the plane surface, which open into as many hollows within 
the body of the instrument; and it is furnished with seven silken 
strings of different diameters, which pass over the smaller end, and 
are distributed between two immovable pegs below. A bridge 
within a short distance of the wider extremity gives these strings 
the necessary elevation and a passage to the under surface, where, by 
means of a row of pegs, they are tightened or relaxed at pleasure. 
The length of the sounding-board is divided by thirteen studs of 
nacre, or mother-of-pearl, as a guide for the performer; and they 
are placed so that the length of each string is bisected, trisected, &c., 
that is, divided into aliquot parts as far as the eighth subdivision, with 
the omission of the seventh, the number of sections being repre- 
sented by the arithmetical series 

Dn tn 09) 65. Or,85 
Thus the intervals, or magnitudes of the different tones sounded by 
this instrument, do not accord with those produced on our violin, 
‘but agree more with the old Scotch music. The study of this in- 
strument, and the art of playing upon it, are rendered extremely 
difficult by the complexity of the Chinese notation of written music, 
which leads to frequent omissions and blunders. Thus every air 
which a Chinese plays has cost him the labour of many months to 
learn; and so tiresome is this acquisition, that the author has heard 
some extemporize very prettily without being able to play a single 
air. Their performance, however, is very graceful; and though the 
melody be simple, every scope is given to variety by the mode of 
touching the strings. The author enters into an examination of the 
musical theory of the sounds produced by this instrument. 

April 22.—The following papers were read, viz.— 
1. Magnetic-term Observations taken on board H.M.S. Erebus 

and Terror, at Hobart Town, on the 29th and 380th August, and 

the 23rd and 24th September, 1840, by, and under the direction of 
James Clark Ross, Captain R.N., F.R.S., and Commander of the 

Antarctic Expedition. 
2. Magnetic-term Observations made at the fixed Magnetic Obser- 

vatory, Van Diemen’s Land, on the 28th, 29th and 30th August, 
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and the 23rd and 24th September, 1840; by James Clark Ross, 
Captain R.N., F.R.S., Commander of the Antarctic Expedition. 

3. Hourly Magnetic Observations for August and September, 
1840, taken at the Ship’s Magnetic Observatory, Van Diemen’s 
Land, under the direction of James Clark Ross, Captain R.N., 
F.R.S., Commander of the Artarctic Expedition. 

The above papers were communicated by the Lords Commission- 
ers of the Admiralty. 

4. Variation de la déclinaison, intensité horizontal et inclinaison 

magnétique, observés a Milan, pendant vingt-quatre heures de suite, 
le 24 et 25 Fevrier et Mars, 1841, par Signior Carlini, Forn. Memb. 
R.S. 

5. ‘Remarks on the Birds of Kerguelen’s Land.’’ By R. M‘Cor- 
mick, Esq., Surgeon R.N. of H.M.S. Erebus. Communicated by 
the Lords Commissioners of the Admiralty. 

The birds usually met with by the author in this island were 
petrels and penguins ; and besides these, he found two species of 
gull, a duck, a shag, a tern, a small albatros, and a species of Chionis ; 
and also aremarkable nocturnal bird allied to the Procellaria. Brief 
notices are given of the forms and habits of these birds. 

6. ‘‘ Geological Remarks on Kerguelen’s Land.’”’ By R. M°Cor- 
mick, Esq., Surgeon R.N. of H.M.S. Erebus. Communicated by 
the Lords Commissioners of the Admiralty. 

The northern extremity of the island is described as being entirely 
of yoleanic origin. The trap rocks, of which the headlands are com- 
posed, form a succession of terraces nearly horizontal. Basalt is the 
prevailing rock: it assumes the prismatic form, and passes into 
greenstone, and the various modifications of amygdaloid and por- 
phyry. The general direction of the mountain-ranges inclines to 
the south-west and north-east, and they vary in height from 500 to 
2500 feet. Many of the hills are intersected by trap dykes, usually 
of basalt. Several conical hills, with crater-shaped summits, are 
found, evidently the remains of volcanic vents. ‘Three or four very 
singular isolated hills, composed of an igneous slaty sandstone, occur 
in Cumberland Bay, presenting very smooth outlines, and consisting 
of piles of broken fragments, through which the mass protrudes, in 
places, in prismatic columns. Vast quantities of débris are accu- 
mulated at the base of the hills, in many places to the height of 200 
or 300 feet or more, affording strong evidence of the rapid disinte- 
gration this land is undergoing, from the sudden atmospheric vicis- 
situdes to which it is exposed. 

The whole island is deeply indented by bays and inlets, and its 
surface intersected by numerous small lakes and water courses. 
These, becoming swollen by the heavy rains, which alternate with 
frost and snow, rush down the sides of the mountains and along the 

ravines in countless impetuous torrents, forming, in many places, 
beautiful foaming cascades, wearing away the rocks, and strewing 
the platforms and valleys below with vast fragments of rocks and 
slopes of rich alluvium, the result of their decomposition. 

The most remarkable geological feature in the island is the occur- 
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rence of fossil wood and coal, and what is still more extraordinary; 
these are imbedded in the igneous rocks. The wood, which is for 
the most part highly silicified, is found enclosed in the basalt; 

whilst the coal crops out in ravines, in close contact with the over- 
lying porphyritic and amygdaloidal greenstone. 

A few outline sketches of the rocks and scenery, in various parts 
of the island, accompany this paper. 

A paper was also in part read, entitled, ‘‘ On the proportion of 
the prevailing Winds, the mean Temperature, and depth of Rain in 
the climate of London, computed through a cycle of eighteen years, 
or periods of the Moon’s Declination.” By Luke Howard, Esq., 
F.R.S. 

April 29.—The reading of Mr. Howard’s paper was resumed and 
concluded. . 

In this paper the author investigates the periodical variations of 
the winds, rain and temperature, corresponding to the conditions of 
the moon’s declination, in a manner similar to that he has already 
followed in the case of the barometrical variations, on a period of 
years extending from 1815 to 1832 inclusive. In each case he gives 
tables of the average quantities for each week, at the middle of which 
the moon is in the equator, or else has either attained its maximum 

north or south declination. He thus finds that a north-east wind is 
most promoted by the constant solar influence which causes it, when 
the moon is about the equator, going from north to south; that a 
south-east wind, in like manner, prevails most when the moon is 

proceeding to acquire a southern declination ; that winds from the 
south and west blow more when the moon is in her mean degrees 
of declination, going either way, than with a full north or south 
declination ; and that a north-west wind, the common summer and 
fair weather wind of the climate, affects, in like manner, the mean 
declination, in either direction, in preference to the north or south, 
and most when the moon is coming north. 

He finds the average annual depth of rain, falling in the neigh- 
bourhood of London, is 25°17 inches. 

From his observations on the temperature, he deduces the follow- 
ing conclusions :—1. That the pressure of an atmospheric tide, 
which attends the approach of the moon to these latitudes, raises 
the mean temperature 0°35 of a degree. 2. That the rarefaction 
under the moon in north declination lowers the temperature 0:13- 
of a degree. 3. That the northerly swell following the moon 
as she recedes to the south further cools the air 0°18 of a degree. 
4. That this cold continues while the moon is away south, reducing 
the mean temperature yet lower by 0:04 of a degree *. 

The following papers were then read :— 
1. “A new Method of solving Numerical Equations.”’ By Mr. 

Thomas Weddle, of Stamfordham. Communicated by 8. H. Christie, 
Esq., M.A., Sec. R.S. 

The object of this paper is to develope a new and remarkably 

[* On the subject of this paper see ante, p. 552 and p. 555.) 
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simple method of approximating to the real roots of numerical equa- 
tions, which possesses several important advantages. After de- 
scribing the nature of the transformations which are subsequently 
employed, the author proceeds to develope the process he uses for 
obtaining one of the roots of a numerical equation. Passing over 
the difficult question of determining the limits of the roots, he sup- 
poses the first significant figure (R) of a root to have been ascertained, 
and transforms the proposed equation into one whose roots are the 

roots of the original, divided by this figure (or 5 R)? ome root of this 

equation lying between 1 and 2, the first significant figure (7) of the 
decimal part is obtained, and the equation transformed into another 
whose roots are those of the former, divided by 1+ this decimal 
(or 1+7r). This last equation is again similarly transformed ; these 
transformations being readily effected by the methods first given. 
Proceeding thus, the root of the original equation is obtained in the 
form of a continued product. After applying this method to finding 
a root of an equation of the 4th, and likewise one of the 5th degree, 

the author applies it to a class of equations to which he considers it 
peculiarly adapted, namely, those in which several terms are want- 
ing. One of these is of the 16th degree, having only six terms ; 
and another is of the 622nd degree, having only four terms. 

2. « Additional Note on the Contraction of Voluntary Muscles in 
the living body.” By William Bowman, Esq., F.R.S., Demonstrator 
of Anatomy in King’s College, London, and Assistant Surgeon to 
King’s College Hospital *. 

This communication contains a short account of some recent ex- 
aminations made by the author on the human muscular fibre affected 
by tetanus. The effect of the violent contractions which character- 
ize this disease, is to produce. in many parts of the muscles, con- 
siderable ecchymosis, which gives the contiguous portions a pale 
and gray aspect. In other places the muscles lose, in a great mea- 
sure, their fine fibrous character, and exhibit a soft mottled surface, 

which is easily torn. ‘The primitive fasciculi, when microscopically 
examined, present indications of strong contraction, appearing 
swollen into a fusiform shape, and having their transverse striz in 

some parts much more closely approximated, and in others separated 
to much greater distances than in the natural state, or even altogether 
obliterated, in consequence of the whole texture being broken up 
into those primitive elements of which the discs are constructed ; and 
frequently they are broken across without a corresponding rupture 
of the sarcolemma. 

The author is led from his observations to the conclusions,—lIst. 

that the contraction of a muscle is the essential cause of its rupture ; 
2ndly, that there is no repellent force between the contractile ele- 

ments of muscular fibre ; and, lastly, that the contraction of yvolun- 

[* An abstract of Mr. Bowman’s former paper appeared in Phil. Mag. 
Third Series, vol. xvii. p. 386. } 
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tary muscle is not a sustained act of the whole congeries of contrac- 
tile elements composing it, but a rapid series of partial acts, in which 
all duly share, becoming by turns contracted and relaxed. 

The paper is accompanied by drawings cf the microscopic appear- 
ances therein described. 
May 6.—The following papers were read, yiz.— 
1. “Investigation of a New and Simple Series, by which the 

Ratio of the Diameter of a Circle to its Circumference may easily 
be computed to any required degree of accuracy.” By William 
Rutherford, Esq., of the Royal Military Academy, Woolwich. 
Communicated by Samuel Hunter Christie, Esq., M.A., Sec. R.S. 
Among various formule for the rectification of the circle discovered 

by the author, he has found the one given in this paper to be that 
best fitted for computation ; and he has been enabled by means of it, 
with comparatively little labour, to extend the number, expressing the 
ratio of the diameter to the circumference, to 208 places of decimals, 
a degree of accuracy hitherto unattainable, without a great amount of 
labour, by means of any of the series which have yet been employed. 

The celebrated series of Mr. John Machin, for the rectification of 
the circle, is derived from the formula 

a pr 

239” 
which converges with considerable rapidity, but gives rise to tedious 
computations, in consequence of the divisor 239 being a prime num- 
ber. But by converting the above formula into the following, 

. ee +tan ; a 
CC dali icki 

a series is obtained by which the extended computation above men- 
tioned was readily effected. 

The methods of computation are then stated in detail, and the 
resulting value of z is given to 208 places of decimals, which is pre- 
sumed to be accurate to the last figure, the computations having 
been actually carried as far as 210 figures. 

2. “On the Phenomena of thin plates of Solid and Fluid Sub- 
stances exposed to polarised light.” By Sir David Brewster, K.H., 
D.C.L., F.R.S., & V.P.R.S. Ed. 

From a theoretical investigation of the phenomena described in 
this paper, the author deduces the important law, that when two 
polarized pencils, reflected from the surface of a thin plate, lying on 
a reflecting surface of a different refractive power, interfere, half an 
undulation is not lost, and white-centred rings are produced. When 
the inclination is exactly 90°, the pencils do not interfere, and no 
rings are produced, —— 

GEOLOGICAL SOCIETY. 

[Continued from p. 527.] 
June 10, 1840 (Continued).—On the mineral veins of the Sierra 

Almagrera, in the province of Almeria, in the South of Spain, by 
J, Lambert, Esq., F.G.S, 

The Sierra Almagrera extends from the mouth of the Almanzora 
Phil. Mag. 8.3. Vol. 18. No. 120. Suppl. July 1841, 20 
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(lat. about 37° 17', long. about 15° 40') in a N.N.W. direction for 
twelve miles. Its width is about a mile anda half, and its greatest 
height 1400 feet. It is composed of clay-slate, resting upon mica- 
slate, accompanied by beds of milky quartz, and crossed by numerous 
ferruginous veins containing sulphate of barytes and gypsum. The 
strata of the clay-slate are generally horizontal, but are sometimes 

inclined from 15° to 20°, and even more, where disturbed by masses 

of greenstone. 
The vein of the Barranco Jaroso was the first discovered, and 

it is now of considerable richness. Its excavations extend more 
than 200 yards in length, with every indication of the lode con- 
tinuing. The direction of the vein is north to south, between 

one and one and a half hours, or 15° to 221° east of north; and the 
inclination is from 65° to 70° east. The breadth of the vein, where 
it was commenced at the surface, was half a yard, but it had in- 
creased to three yards at the depth of forty yards, the point to which 
it had been carried in April 1840. The mineral contents of the 
vein consist of parallel divisions of several varieties of galena, as cry- 
stallized, radiated with an antimonial aspect, brilliant large-grained, 
fine steel-grained, and black, of oxide and carbonate of lead, and 
argillaceous iron ore; carbonate of iron and carbonate of copper 
also occur; and sulphates of barytes and gypsum are abundant. 

Old workings, supposed to have been conducted by the Romans, 
occur in great numbers, principally at the mouths of the Barrancos 
or ravines of Pinalbo del Frances and dela Torre. Quantities of mine- 
timber, decayed iron tools and lamps of clay, have been found in 
them ; but in no case does it appear that gunpowder was used in 
making the excavations. Large heaps of slags and scoria are of 
frequent occurrence; one of the most important being situated be- 
tween the confluence of the Almanzora and the Rambla de Muleya 
at the foot of the little hill Cabéza de las Herrerias (Head of the 
Forges). 

This hill, Mr. Lambert says, presents the aspect of a volcanic 
crater, and has disturbed the tertiary deposits of the neighbourhood. 
He states, that it is an enormous mass of oxide of iron, with a mul- 
titude of veins of sulphate of barytes; and that it is absolutely 
honey-combed by old excavations in the barytes veins, the contents 
of which, he believes, were used as a flux in smelting the argen- 
tiferous minerals. The tertiary beds at this locality consist of clays 
resting upon conglomerates, and are all charged with iron. They 
are stated to contain also “‘ ferruginous and jaspery dendrites,” veins 
of felspar and crystals of barytes. 
A tertiary formation extends from the foot of the Sierra Almagrera 

to the Sierras de Filabres, de Alhamilla and Cabrera. The upper 
part consists of an arenaceous conglomerate alternating with marls, 
and beds of quartz and other pebbles of various sizes. The clays con- 
tain gypsum and sands very similar to those of the vicinity of Paris ; 
and numerous organic remains, belonging principally to the genera 
Ostrea, Pecten, and Dentalium ; likewise corals. The formation is 
disturbed in many parts by protruded masses of greenstone ; also 
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by porphyries, trachytes and basalts, which are stated to present 
very singular phenomena. Gneiss projects above the tertiary strata 
in many places. 

The paper was accompanied by specimens of galena, of which the 
following analyses are given in the paper itself : — 
Specimen, No. 1. ........... 70°8 per cent. Lead 1°05 per cent. Silver 160z. per gal. 

4 

—- 2. Radiated 62:1 - 0°65 105 — 

3. Black ... 22°25 ——————_—— 0325 ———____—_ 5= — 10 

About 400 tons of numbers 1 and 2, have been extracted from 
the mine during the months it had been worked; and the produce 

about the time the paper was written was fifteen tons a day. 

A notice on the Sierra de Gador, and its lead mines, by Josias 
Lambert, Esq., F.G.S. 

The Sierra de Gador, celebrated for its lead mines, is situated be- 
tween the Sierra Nevada and the Mediterranean. Its length from 
west to east is nearly forty miles; its breadth varies from five to 
ten miles, and its highest point,—the Collado de los Valientes, 
near its western extremity,—is upwards of 6000 feet above the sea. 
From that point eastward, the height gradually decreases till it 
is reduced near the Almeria to the level of that river. The 
southern face is precipitous, and from its base to the Mediterranean 
extends the tertiary plain of Dalias. The western flank is also pre- 
cipitous, but the northern face rises more gently from the river Al- 
meria, which separates the Sierra de Gador from the Sierra Nevada. 

The principal mass of this range of mountains is composed almost 
exclusively of a limestone, considered by Mr. Lambert to belong to 
the lowest of the transition rocks, because its stratification is in 
general conformable to that of the nucleus of the Sierra Nevada, 
and because it is believed to contain no organic remains. It is of a 
grey or dark colour, and of a compact or finely grained texture, but 
it is sometimes, though rarely, friable. It passes downwards by 
alternations and transitions into clay-slate, talcose or mica-slate, 
and in the upper part, it is connected with breccias and limestone 
conglomerates. 

The limestone is generally traversed by veins of calcareous spar 
and fluor spar, frequently so arranged as to resemble the stripes in 
the skin of a zebra. It is also occasionally magnetic, on account of 
disseminated particles of magnetic iron. ‘The stratification is regu- 
lar in some places, but it generally presents great inflexions and 
disruptions, and curves of a thousand different natures. The pre- 
vailing strike of the beds is from east to west, but from the western 
base of the mountain at Castala to near the highest point in the 
Loma del Suefo and Collado de los Valientes, it is from north to 
south. The inclination of the beds varies very much both in direc- 
tion and inclination; the former being sometimes south, but often 
north, and occasionally east; and the latter differing from 15° to 
45°. ‘The beds are for the greater part compact, but the higher 
consist of a breccia, mixed with slate-clay and clayey ochres. The 
stratification in these beds is sometimes well pronounced, and at 

202 
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others less so, being of great thickness, The fragments of the calca- 
reous breccia are angular and of various sizes, and are cemented by 
carbonate of lime. 

In the ravine of Cartala, protruded masses of trap, containing 
veins of asbestos, amphibole, and porcellanite, are stated to have dis- 
located the strata; an inconsiderable vein of trap is also described 
as interposed between two beds of limestone. ‘The slate clays 
near the masses of trap, are said to be frequently of a green colour. 

At the eastern extremity of the chain, the limestone is overlaid 
by beds of gypsum, containing masses and strings or small veins of 
native sulphur. 

There is no doubt that mines in this mountain chain were worked 
by the Romans. ‘The ore is generally found in nests or masses of 
inconsiderable size; also in veins and branches of limited extent in 
any constant direction, crossing each other, and forming almost 
always communications between the nests. Mr. Lambert is there- 
fore induced to consider these metallic accumulations as of contem- 
poraneous origin with the limestone. At the mine of Arnafe, on 
the western edge of the Sierra, the ore occurs between two beds cf 

limestone, having the same direction east, 20° north, and dipping 
with them 80° tothe N.E. It is one foot thick, and is accompanied 
by clay. The same agreement has been found in Santa Rosa, Santa 
Catalina, Cruzados, Trinidad primero, and in all the mines situated 

upon the western declivity, looking towards Berja. 
In the Loma del Sueno, and the interior parts of the Sierra, where 

the beds incline only 20° to 30°, but frequently exhibit great dis- 
locations, which change their position entirely, and often form 
crests, fissures, and hollows filled with argillaceous substances, are 

found the greatest masses of ore, lying between the beds, and con- 
forming to all their modifications. Fluor almost always accom- 
panies the galena. 

One level has been carried nearly 600 yards in length, from the 
bottom of a precipice of nearly equal altitude, in order to under- 
mine the rich deposits on the edge of the Loma del Sueno, but 
hitherto nothing has been met with but compact and slaty lime- 
stone. Mr. Lambert therefore infers, that the ore is more super- 
ficial, and he adds, there is no instance of its having been found at 
a greater depth than 200 yards from the surface. 

The lower parts of the fissures which traverse the limestone, are 

frequently filled with fragments of ore enveloped in a red earthy 
soil, and associated with angular as well as rounded fragments of 
limestone. In the alluvial detritus of the ravines, and the dry 
deltas at their mouth, fragments and masses of ore have been ex- 
tracted, often in considerable quantities, and at the Pecho de las 

Lastras to the extent of 100,000 tons. 
In the limestone mountains which stretch westward from the 

Sierra de Gador to Marbella, within forty miles of Gibraltar, lead 
ore is found in variable quantities, but not so abundantly as in the 
Sierra de Gador, 

In conclusion, Mr, Lambert observes, that the improvident me- 
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thod of working the ore in that mountain is fast destroying the 
best mines ; that new trials have not been attended with anything 
like success; and that the hardness of the rock renders sinkings 
very expensive, and compels adventurers with limited funds to aban- 
don their undertakings, unless ore be speedily obtained. 

On the polished and striated surfaces of the rocks which form 
the beds of Glaciers in the Alps, by Professor Agassiz. 

This paper was accompanied by a series of plates intended to re- 
present the effect of glaciers upon the rocks over which they move. 

These effects, consisting of surfaces highly polished, and covered 
with fine scratches, either in straight lines or curvilinear, according 
to the direction of the movement of the glacier, are constantly found, 
not only at the lower extremity, where they are exposed by the 
melting of the glaciers, but also, wherever the subjacent rock is 
examined, by descending through deep crevices in the ice. Grains 
of quartz and other fragments of fallen rocks, which compose the 
moraines that accompany the glaciers, have afforded the material 
which, moved by the action of the ice, has produced the polish and 
scratches on the sides and bottom of the Alpine valleys through which 
the glaciers are continually, but slowly descending. It is impossible 
to attribute these effects to causes anterior to the formation of the 
glacier, as they are constantly present and parallel to the direction of 
the movement of the ice. They cannot be considered as the effects 
of an avalanche, for they are often at right angles to the direction in 
which an avalanche would descend; they are constantly sharp and 
fresh beneath existing glaciers, but less distinct on surfaces which 
have for some time been left exposed to atmospheric action by the 
melting of the ice. In the valley of the Viesch, the direction of the 
scratches is from north to south, or towards the Rhone; the direction of 
those which accompany the glacier of the Rhone is from east to west ; 
that of those beneath the glacier of the Aar is first from west to 
east, as far as the Hospice of the Grimsel; and then from south to 

north, from the Grimsel to the Handeck. If we would account for 
these scratches by the action of water, we must imagine currents of 
enormous depth filling these highest Alpine valleys, and descending 
in opposite directions from the narrow crest that lies between them. 
In the upper part of the valley of the Viesch, is a glacier, beneath 
which runs a rapid torrent, co-extensive in length with the great 
current, to which the above hypothesis would attribute the polish 

and scratches on the rocks of the valley. This small torrent 
corrodes the bottom of the valley into sinuous furrows and irregular 
holes, and polishes the sides of its bed ; but the polish is of a different 
aspect from that produced by the action of the ice, and of the stones 
and sand which it carries with it. The polished surfaces beneath 
the ice are often salient and in high relief. The sides also of the 
valleys adjacent to the actual glaciers are frequently polished and 
scratched at great heights above the ice, in a manner identical with 
the surface beneath it, but different from the polish of the bed of 
the torrent, 
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The amount of polish and scratches varies with the nature of 
the rocks. In the valley of Zermatt and Riffelhorn, rocks of ser- 
pentine are most exquisitely polished; so also are the granites on 
the sides of the glacier of the Aar, where they have not been long 
exposed to the action of the air, Gneiss and limestone do not pre- 
serve their polish under similar exposure, but retain it while they are 
protected by ice or a covering of earth. 

These facts seem to show, that the striated and polished condition 
of rocks beneath and on the sides of glaciers, is due to the action of 
the ice, and of the sand and fragments of stone forming the mo- 
raines which accompany it. 

On a bed of lignite near Messina, by Dr. R. Calvert. 
About thirty years ago, Dr. Calvert discovered a bed of lignite, a 

quarter of a mile from Messina, up a Fiumera to the left of Fort 
Gonzago. It cropped out to the north at an angle of about 45°, 
and was at least a yard in thickness. .The lignite was swept down 
a precipice by the country people to make room for sticks to burn 
lime with; a superb quarry of which was then worked on the oppo- 
site side of the field. Dr. Calvert laid in a winter stock of the 
lignite ; the dragoons used it in their forge, and the commander of 
the forces in his kitchen. Owing, however, to the unskilfulness of 
the people who dug the lignite (soldiers and officers’ servants), the 
roof fell in, and the property above being injured, the excavations 
were stopped. Some of the lignite emitted a bad effluvia when 
burned. 

A letter from Richard Greaves, Esq., addressed to Dr. Buck- 
land, and dated June the 6th, 1840, on the discovery of bones of 
birds, fishes, and mammalia, in the limestone cliff at Eel Point in 

Caldy Island, and about eighty feet above the sea. 
A note from Mr. Hamilton, Sec. G.S., addressed to Dr. Buck- 

land, on the irregular occurrence of rounded fragments of rock 
crystal, throughout the Hastings sands, in the neighbourhood of 
Tunbridge Wells. Mr. Hamilton’s principal object is to call atten- 
tion to the inquiry whence the fragments were obtained; and to 
the assistance which this knowledge would afford in determining the 
origin of the other materials forming the Hastings sands. 

A letter, dated May 6th, 1840, from M. Roemer, of Hildes- 
heim, to Dr, Fitton, on the chalk and the subjacent formations to 
the Purbeck stone inclusive in the north of Germany. 

a. Chalk with flints—This formation, presenting characters which 
exactly agree with those of the chalk of England, is found only in 
the island of Rugen. It there consists of a white limestone, with fre- 
quent layers of flints, and includes the same fossils. 

M. Roemer is of opinion that the Rugen deposit is of the age of the 
Maestricht beds, though most geologists believe it to be younger. 

In the north of Germany there are very thick deposits of sand- 
stone and sandy marls, which correspond, M. Roemer says, to 
the upper subdivision of the chalk formation. The characteristic 
fossils are Callianassa (Pagurus) Faujasii, Belemnites mucronatus, 
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small corals, &c. No Ammonites have been found init. The lo- 
calities where it occurs, are Gehrden near Hanover, Goslar, Qued- 
lenburg, and Halberstadt. 

b. Chalk without flints exists near Piena and Luneberg, with the 

same external characters as in England. Near Ilseburg, Lemforde, 
Dulmen, and other localities, it is represented by sandy marls and. 
sandstones. It contains Belemnites mucronatus, many Scyphia, 
some Ammonites, &c. 

c. Chalk marl (Pliner Kalk).—This formation is extensively 
distributed and well exposed in the north of Germany, and exhibits 
everywhere the same characters as in England. It contains no 
Belemnites mucronatus, but Ammonites varians, A. Mantelli, A. Gu- 
toni, Turrilites costatus, T. undulatus, Plicatula inflata, &c. 

d. Upper greensand.—This formation, as a greyish green marl, 
with grains of silicate of iron, occurs only near Dresden and near 
Wal in Westphalia; also in the neighbourhood of Hildesheim. It 
contains Ammonites falcatus, Terebratula biplicata, Ostrea carinata, 

Spatangus subglobosus, &c. : 
The chalk marl in general gradually becomes more sandy, and 

passes into a sandstone with veins of oxide of iron, but which con- 
tains no fossils. The sandstone constantly accompanies the chalk 
marl, 

e. Gault.—This deposit has not been detected with certainty in 
the north of Germany, but M. Roemer thinks it may be represented 
by a marl which occurs between Hanover and Hildesheim, and con- 

tains Hamites compressus; and by a blue clay near Ottbergen. He has 
not been able to find it near Aix-la-Chapelle. 

f. Lower greensand.—The mineralogical characters of this 
formation are the same as inEngland. It occurs in Saxony, at the 
foot of the Hartz, near Celfeld, near Bilefeld, and near Hattern in 
Westphalia, also near Aix-la-Chapelle. Its fossils are not very 
numerous. 

g. Hils conglomerate——To M. Roemer, geologists are indebted 
for first pointing out the existence, as distinct deposits, of the 
Hils conglomerate and the Hils clay. 

The Hils conglomerate consists of a yellowish or brownish marl, 
containing grains of quartz, schist, and oxide of iron, It forms 
very thick beds, and includes in some localities very rich iron ores. 

It occurs near Brunswick, at Goslai, and near Essen on the Ruhr 

in Westphalia. Its fossils are very numerous, and partly identical 
with those of the lower greensand of England; for example, it 
contains Terebratula latissima, T. depressa, T. oblonga, T. sella, Ostrea 

carinata, O. macroptera, Pecten quinquecostatus, &c. M. Roemer asks 

if it be the equivalent of the Neocomien. 
h. The Hils clay is a bluish pure clay, 100 feet thick. M. Roemer 

considers it to be the Speeton clay of England, as it contains Mya 

depressa (Phillips), Glyphea ornata (Astacus ornata, Phillips), and 
Tsocardia angulata (Phillips), with a great quantity of other fossils, 
which are in part Jurassic species, namely, Ammonites sublevis, A, 
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mutabilis, and A. coronatus. M. Roemer has noticed the Hils clay 
near Hildesheim, near Celfeld, where it contains a considerable 
layer of iron; at the foot of the Deister near Hanover, and near 
Trenndorf. 

i. Weald clay.—A stiff bluish or brownish clay, seldom contain- 
ing subordinate beds of limestone and sandstone. ‘The fossils are 
almost exclusively the same as those enumerated in Dr. Fitton’s 
memoir on the beds below the chalk in the south-east of England ; 
and are entirely freshwater, with the exception of an Astarte. 

k. Hastings sandstone.—In the north of Germany this formation 
is composed of a white, grey or fawn-coloured sandstone, sometimes 
alternating in the upper part with greyish clay, and contains from 
seven to ten beds of coal. Its general thickness amounts to 500 or 
800 feet. The beds of coal vary from one to three feet in thickness, 
and are separated by sandstone, which is sometimes only a few feet 
thick. The fossils belong to the genera Paludina, Unio, Endoge- 
nites, Abies, Sphenopteris, and Lonchopteris, and M. Roemer has 
found every species mentioned in Dr. Fitton’s memoir before al- 
luded to. The sandstone is generally less ferruginous than in 
England. 

l. Purbeck strata.—These beds are described by M. Roemer as 
consisting of shelly limestones alternating with thin layers of sand- 
stone, and concretional masses of grit. He has observed two dirt- 
beds, but as yet no Cycadeoidea. ‘The shells which he has found, 
are partly marine, partly freshwater, and belong to the genera 
Paludina, Ostrea, Cyrena, Gervilia, Serpula, &c. 

m. Portland stone. 
The Wealden formation, M. Roemer states, is exhibited near 

Helmsted. He hopes it will be exposed near Hildesheim. More 
westward it extends from Hanover by Minden, to Iburg and Rheine 
near Munster in Westphalia; furnishing almost everywhere a very 
good coal. ‘The fossils found in the strata below the lower green- 
sand, M. Roemer has accurately figured and described in his works ; 
and they proved the identity of the Wealden deposits of England 
and the north of Germany. 

A Jetter from H. B. Mackeson, Esq. to Dr. Fitton, dated Hythe, 
June 7th, 1840. 

On the 19th of May, Mr. Mackeson discovered some portions of 
a large saurian, he believes an Iguanodon, near the bottom of the 
lower greensand in the vicinity of Hythe. On the 6th of June, 
he revisited the quarry, and ascertained that the work-people had 
followed the remains for upwards of fifteen feet. On that occasion, 
Mr. Mackeson superintended the disinterment of probably a tibia. 
This bone, and others previously obtained, with their bulky matrix, 
required a cart and two horses for their removal. Up to the date 
of the letter, no vertebra, teeth, phalangeal or smaller bones of the 
extremities had been found by the workmen. In the same quarry, 
Mr. Mackeson has obtained a large Ammonite, Gervillia aviculoides, 
and other shells characteristic of the lower greensand. 
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Nov. 4.—A paper was read on Glaciers, and the evidence of their 

having once existed in Scotland, Ireland, and England, by Professor 

Agassiz, of Neuchatel. 
M. Agassiz commences by observing, that the study of glaciers is 

not new, as Scheuchzer visited, and even drew, most of the glaciers 

of Switzerland; and as, at a later period, Gruner and De Saussure 
examined them in great detail, and left few of their phenomena 
uninvestigated. Hugi also, in his account of the Alps, and Scoresby, 

in his descriptions of the arctic regions, have communicated much 
valuable information respecting glaciers, but without giving rise 
to any important geological results. Venetz and De Charpentier 
first ascribed to the agency of glaciers, the transport of the erratic 
boulders of Switzerland, supposing that the Alps formerly attained 
a greater altitude than at present, and that the glaciers extended to 
the plains of Switzerland, and even to the Jura. This assumed 
greater height of the Alps M. Agassiz dissents from, as no geolo- 
gical phenomena compel him to admit it; and the arrangement of 
the boulders proves that the blocks were not pushed forward by the 
glaciers, as conjectured by M. de Charpentier. Moreover, the phe- 
nomena of erratic boulders extend over all the temperate and north- 
ern regions of Europe, Asia and America, and, consequently, could 
not depend upon so local an event as a greater altitude of the Alps. 
The consideration of these difficulties induced M. Agassiz to resume 
the study of glaciers; and after devoting the suitable portion of five 
successive summers to the study of their details, and all that has 
been written respecting their structure, he has arrived at the con- 
viction, that the formation of glaciers did not only depend upon the 
actual configuration of the globe, but was also connected with the 
last great geological changes in its surface, and with the extinction 
of the great mammifers which are now found in the polar ice. 
He is also convinced that the glaciers did not advance from the Alps 
into the plains, but that they gradually withdrew towards the moun- 
tains from the plains which they once covered. In this belief, he says, 
he is supported by many considerations which escaped previous ob- 
servers, depending chiefly on the form and relative position of the 
erratic blocks, and the commonly called diluvial gravel, the former 
being in Switzerland always angular, and resting on the latter, 
which consists of rounded materials. Considered in this point of 
view, glaciers assume an entirely new importance, for they introduce 

a long period of intense cold between the present epoch and that 
during which the animals existed, whose remains are buried in the 

usually called dilavial detritus. 
Having established his theory as completely as he could, by re- 

peated investigations of Switzerland and the adjacent portions of 
France and Germany, M. Agassiz became desirous of investigating 
a country in which glaciers no longer exist, but in which traces of 
them might be found. ‘This opportunity he has recently enjoyed, 
by examining a considerable part of Scotland, the north of England, 
and the north, centre, west and south-west of Ireland; and he has 

arrived at the conclusion, that great masses of ice, and subsequently 
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glaciers, existed in these portions of the United Kingdom at a period 
immediately preceding the present condition of the globe, founding 
his belief upon the characters of the superficial gravels and erratic 
blocks, and on the polished and striated appearance of the rocks in situ. 

M. Agassiz does not suppose that his views respecting glaciers 
will at once meet with the general concurrence of geologists; and 
he admits that the study of the phenomena of glaciers in different 
latitudes, as well as at different altitudes, together with the exami- 
nation of their different effects where in contact with the sea, will 
introduce many modifications in the consideration of analogous 
phenomena in countries where glaciers have disappeared ; but he is 
prepared to discuss his theory within the limits of observed facts, 
conscious of having searched for truth solely to advance the interests 
of science. 

To avoid useless discussion, he states, that in attributing to the 
action of glaciers a considerable portion of the results hitherto 
ascribed exclusively to that of water, he does not wish to maintain 
that everything hitherto assigned to the agency of water has been 
produced by glaciers; he only wishes that a distinction may be made 
in each locality between the effects of the different agents; and he 
adds, that long-continued practice has taught him to distinguish 
easily, in most cases, the effects produced by ice from those produced 
by water. 

Proceeding to the consideration of facts, he says the distribution 
of blocks and gravel, as well as the polished and striated surfaces of 
rocks in situ, do not indicate the action of a mighty current flowing 
from north-west to south-east, as the blocks and masses of gravel 
everywhere diverge from the central chains of the country, following 
the course of the valleys. Thus in the valleys of Loch Lomond and 
Loch Long, they range from north to south; in those of Loch Fine 
and Loch Awe from north-west to south-east; of Loch Etine and 
Loch Leven from east to west; and in the valley of the Forth from 
north-west to south-east, radiating from the great mountain masses 
between Ben Nevis and Ben Lomond. Ben Nevis in the north of 
Scotland, and the Grampians in the south, are considered by the 
author to constitute the great centres of dispersion in that kingdom; 
and the mountains of Northumberland, Westmoreland, Cumber- 
land, and Wales; as well as those of Ayrshire, Antrim, the west of 
Ireland, and Wicklow, to be other points from which blocks and 
gravel have been dispersed, each district having its peculiar debris, 
traceable in many instances to the parent rock, at the head of the 
valleys. Hence, observes M. Agassiz, it is plain the cause of the 
transport must be sought for in the centre of the mountain ranges, 
and not from a point without the district. ‘The Swedish blocks on 
the coast of England do not, he conceives, contradict this position, 
as he adopts the opinion that they may have been transported on 
floating ice. 

In describing the phenomena presented. by erratic blocks and 
gravel, M. Agassiz first insists upon the necessity of distinguishing 
between stratified gravel and mud containing fossils, which could 
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not have been accumulated by true glaciers, although the materials 
may have often been derived from them; and unstratified masses, 
composed of blocks, pebbles, and clay. These stratified deposits 
he considers to be of posterior origin to the glacier epoch. The till 
of Scotland, or the great unstratified accumulation of mud and 
gravel, containing blocks of different size heaped together without 
order, and containing no organic remains but bones of Mammalia 
and insignificant fragments of shells, he is of opinion was also not 
produced by true glaciers, although intimately connected with the 
phenomena of ice. The polished and striated surfaces of the blocks 
leave no doubt on M. Agassiz’s mind that these masses have been 
acted upon by ice in the same manner as the blocks which are ob- 
served under existing glaciers, and which are more or less re- 
arranged by water derived from the melting of the glaciers. 

Similar detritus fills the bottom of all the Alpine valleys, as that 
of the Rhone from its mouth to its junction with the Lake of Geneva, 
and the valley of Chamounix: it is found between the Hospice de 
Grimsel and the borders of the lower glacier of the Aar; thence to 
the neighbourhood of Goutharen in the valley of Oberhasli, at Im 
Grund, in the plains of Meiringen, and in Interlasken ; also between 

Thun and Berne. At all these localities, M. Agassiz considers, the 
blocks were left, when the glaciers extended to them. 

With respect to the valley of the Aar, M. Agassiz says it is easy 
to prove that the rounded pebbles of Alpine rocks spread along its 
whole course, were not transported to their present position by that 
river, because between the glacier from which it issues and Berne, 
the flowing of the stream is interrupted by the barrier of Kirchet, 
the Lake of Brienz, and the Lake of Thun; and because between 
these lakes its velocity is so small, that it transports only mud and 
very fine gravel, and that the pebbles over which the river flows 
below Thun do not issue from the lake. Supposing that the vo- 
lume of the Aar was formerly greater, why, asks M. Agassiz, are 
not the lakes of Brienz and Thun filled in the same manner as the 
plain of Meiringen and the bottom of the valley which separates the 
two lakes? All difficulties, however, he is of opinion, vanish, if 
the pebbles be considered the detritus of retreating glaciers, and 
that the hollows occupied by the lakes of Brienz and Thun were 
filled with glaciers. 

The existence of a glacier in this valley is not imagined by the 
author to explain the origin of the detritus, as its having existed is 
proved by the polish on the rocks in situ, from the glacier of the Aar 
to Meiringen, a distance of twenty English miles, at the height of 
8000, 7000, and 6000 feet successively above the level of the sea; 
and even on the shores of the Lake of Thun. Similar phenomena 
have been noticed by M. Agassiz in Scotland, in the valleys of 
Loch Awe and Loch Leven, near Ballachalish, and in England in the 
neighbourhood of Kendal. 

The author-then proceeds to describe the moraines of Switzerland, 
or the accumulations of blocks and pebbles deposited longitudinally 
on the borders, and transversely in front, of glaciers, and success- 
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ively abandoned by them in their retreat. The longitudinal mo- 
raines differ from glacier-detritus remodelled or spread out by water, 
in being disposed in ridges with a double talus, one flank of which is 
presented to the glacier, and the other to the side of the valley; and 
their continuity and parallelism at the same height easily distinguish 
them from the debris disposed along the bottoms of valleys by cur- 
rents. They occur on the flanks of all glaciers, but they have been 
also observed by M. Agassiz where no glaciers exist, as in the val- 
leys of the Rhone, the Arve, the Aar, &c. ; likewise in Scotland, near 
Inverary, at Muc Airn, at the outlet of Loch Traig, at Strankaer, 
and on the borders of the bay of Beauley; in Ireland to the south- 
east of Dublin, and near Enniskillen; and in England in the valley 
of Kendal, as well as near Penrith and Shap. 

The common origin of moraines, and of accumulations of rounded 
pebbles and of blocks, M. Agassiz says, cannot be doubted. The 
former are simple ridges formed on glaciers; the latter, materials 
rounded and polished under glaciers, or great masses of ice, and ex- 
posed by the melting of the ice, and re-disposed by the water thus 
produced. 

The author next describes the differences in the internal arrange- 
ment of the various accumulations. In the stratified deposits the 
materials are comparatively much smaller than in glacier-detritus ; 
the pebbles also are elongated, and fine gravel and mud ordinarily 
form the upper beds. On the contrary, in the detritus of glaciers 
large and small materials are associated without order, the largest 
blocks being often in the upper part; and where very large angular 
blocks occur, they rest on the surface. In moraines there is a further 
distinction, blocks of all dimensions and every form are intermingled ; 
and this difference, he says, is easily understood, by recollecting that 
moraines are composed of the angular blocks which fall on the sur- 
face of the glacier, as well as of pebbles with rounded edges. 

The striated. and polished surfaces, so often observed on solid 
rocks in situ, are next described by M. Agassiz. Without denying 
absolutely the power of water to produce such effects, he says that 
he has sought for them in vain on the borders of rivers and lakes, 
and on sea-coasts ; and that the effects produced by water are sinuous 

furrows proportioned to the hardness of the rocks ; not even uniform 

polished surfaces, such as those presented by the rocks under dis- 

cussion, and which are independent of the composition of the stone ; 
moreover wherever the moveable materials which are pressed by the 
ice on rocks in situ are the hardest, there occur, independent of the 

polish, striz more or less parallel, and in the general direction of 
the movement of the glaciers. ‘Thus in the neighbourhood of gla- 
ciers are found those rounded bosses which Saussure distinguishes 
by the name of ‘‘ roches moutonnés.” These phenomena M. Agas- 
siz has traced under the glacier of the Aar, and he has observed 

them in the valley of the Rhone, and of Chamounix; also in Scot- 

land, on the banks of Loch Awe and Loch Leven; and he says they 
are very remarkable in the environs of Kendal. 

The most striking points in the distribution of the striz, are their 
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diverging at the outlets of the valleys, and their being oblique, and 
never horizontal on the flanks, which they would be, were they due 
to the agency of water, or floating masses of ice. The cause of this 
obliquity the author assigns to the upward expansion of the ice, and 
the descending motion of the glacier. 

The most remarkable striated rocks in the Alps are near Handeck, 
and near the cascade of Pissevache; and the best examples M. 
Agassiz has seen in Scotland, are those of Ballahulish, and in Ireland 
those of Virginia. 

If the analogy of the facts which he has observed in Scotland, 
Ireland, and the north of England, with those in Switzerland, be 

correct, then it must be admitted, M. Agassiz says, that not only 
glaciers once existed in the British Islands, but that large sheets 
(nappes) of ice covered all the surface. 

The author then details the proofs that glaciers did not descend 
from the mountain summits into the plains, but are the remaining 
portions of the sheets of ice which at one time covered the flat country. 
It is evident, he says, if the glaciers descended from high mountains, 
and extended forward into the plains, the largest moraines ought to 

be the most distant, and to be formed of the most rounded masses ; 
whereas the actual condition of the detrital accumulations is the re- 
verse, the distant materials being widely spread, and true moraines 
being found only in valleys connected with great chains of lofty 
mountains. 

It must then be admitted, the author argues, that great sheets of 
ice, resembling those now existing in Greenland, once covered all 
the countries in which unstratified gravel is found; that this gravel 
was in general produced by the trituration of the sheets of ice upon 
the subjacent surface ; that moraines, as before stated, are the effects 
of the retreat of glaciers; that the angular blocks found on the sur- 
face of the rounded materials were left in their present position at 
the melting of the ice ; and that the disappearance of great bodies of 
ice produced enormous debacles and considerable currents, by which 
masses of ice were set afloat, and conveyed, in diverging directions, 
the blocks with which they were charged. He believes that the 
Norwegian blocks found on the coast of England have been correctly 
assigned by Mr. Lyell to a similar origin. 

Another class of phenomena connected with glaciers, is the form- 
ing of lakes by the extension of glaciers from lateral valleys into a 
main valley ; and M. Agassiz is of opinion, that the parallel roads of 
Glen Roy were formed by a lake which was produced in consequence 
of a lateral glacier projecting across the glen near Bridge Roy, and 
another across the valley of Glen Speane. Lakes thus formed natu- 
rally give rise to stratified deposits and parallel roads, or beds of 
detritus at different levels. 

The connexion of very recent stratified deposits with glacier- 
detritus, M. Agassiz observes, is difficult to explain ; but he conceives 
that the same causes which can bar up valleys and form lakes, like 
those of Brienz, Thun and Zurich, may have formed analogous 
barriers at the point of contact with the sea sufficiently extensive to 



574 . Geological Society:—The Rev. Prof. Buckland 

have produced large salt-marshes to be inhabited by animals, the 
remains of which are found in the clays superimposed on the till of 
Scotland ; and he adds, that the known arctic character of these fos- 
sils ought to have great weight with those who study the vast subject 
of glaciers. 

In conclusion, the author remarks, that the question of glaciers 
forms part of many of the great problems of geology ; that it accounts 
for the disappearance of the large mammifers inclosed in the polar 
ice, as well as for the disappearance of the organic beings of the so- 
called diluvian epoch; that in Switzerland it is associated with the 
elevation of the Alps, and the dispersion of the erratic blocks ; and 
that it is so intimately mixed up with the subject of a general dimi- 
nution of the terrestrial heat, that a more profound acquaintance 
with the facts noticed in this paper will probably modify the opinions 
entertained respecting it. 

Nov. 18.—The reading of the first part of a Memoir on the Evi- 
dences of Glaciers in Scotland and the North of England, by the 
Rey. Prof. Buckland, D.D., Pres. G.S., commenced on the 4th of 

November, was resumed and concluded. 
Dr. Buckland’s attention was first directed by Prof. Agassiz in 

October 1888 to the phenomena of polished, striated, and furrowed 
surfaces on the south-east slope of the Jura, near Neuchatel, as well 
as to the transport of the erratic boulders on the Jura, as the effects 
of ice ; but it was not until he had devoted some days to the exami- 

nation of actual glaciers in the Alps, that he acquiesced in the cor- 
rectness of Prof. Agassiz’s theory relative to Switzerland. On his 
return to Neuchatel from the glaciers of Rosenlaui and Grindelwald, 
he informed M. Agassiz that he had noticed in Scotland and Eng- 
land phenomena similar to those he had just examined, but which 
he had attributed to diluvial action: thus in 1811] he had observed 
on the head rocks on the left side of the gorge of the Tay, near 
Dunkeld, rounded and polished surfaces; and in 1824, in company 
with Mr. Lyell, grooves and striz on granite rocks near the east base 
of Ben Nevis. About the same time Sir George Mackenzie pointed out 
to the author in a valley near the base of Ben Wyvis, a high ridge of 
gravel, laid obliquely across, in a manner inexplicable by any action 
of water, but in which, after his examination of the effects of glaciers 
in Switzerland, he recognizes the form and condition of a moraine. 

After these general remarks, Dr. Buckland proceeds to describe 
the evidence of glaciers observed by him in Scotland last autumn, 
partly before and partly after an excursion, in company with Prof. 
Agassiz ; but he forbears to dwell on the phenomena of parallel ter- 
races, though he is convinced that they are the effects of lakes pro- 
duced by glaciers. 

The district which Dr. Buckland examined previously to his ex- 
cursion with Prof. Agassiz, lay in the neighbourhood of Dumfries ; 
and the line of country which he investigated subsequently, extended 
in Scotland from Aberdeen to Forfar, Blair Gowrie, Dunkeld, and 
by Loch Tumel and Loch Rannoch to Schiehallion and Taymouth, 
and thence by Crief, Comrie, Loch Earn Head, Callender and Stir- 
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ling, to Edinburgh; and in England by Berwick, Wollar, the Che- 

viots, Penrith, and Shap Fell, to Lancashire and Cheshire. 

Moraine near Dumfries.—The picturesque ravine of Crickhope Linn, 
about two miles north of Closeburn, and one mile east of Thornhill, in- 

tersects nearly horizontal strata of new red sandstone, and is traversed 
by the Dolland rivulet. On emerging from the upper end of the ra- 
vine a long terminal moraine is visible, stretching nearly across the 
mountain valley, from which the Dolland Burn descends to fall into 
Crickhope Linn; and it resembles, when viewed from a distance, a 
vallum of an ancient camp, being covered with turf. It is formed 
principally of an unstratified mass of rolled pebbles, derived from the 
slates of the adjacent Lowder Hills, with a few rounded fragments 
of granite, the nearest rock of which in situ is that of Loch Doon, in 
Galloway, thirty miles to the north-west. Its height varies from 
twenty to thirty feet ; its breadth at the base is about one hundred 
feet, and its length is four hundred yards. At the southern extre- 
mity it is traversed by the Dolland rivulet, and at the northern by 
the Crickhope Water ; and in the centre it is intersected by a road. 

Moraines in Aberdeenshire.—Dr. Buckland considers the gravel and 
sand which cover the greater part of the granite table-land from Aber- 
deen to Stonehaven to be the detritus of moraines; and the large 
insulated tumuli and tortuous ridges of gravel, occupying one hun- 
dred acres, near Forden, a mile east of Achinbald, to be terminal 
moraines ; also the blocks, large pebbles, and small gravel spread 
over the first level portions of the valley of the North Esk, after 

emerging from the Sub-Grampians, to be the residue of moraines 
re-arranged by water. 

Moraines in Forfarshire.—The cones and ridges of gravel at Cor- 
tachy and Piersie, near Kirriemuir, and at the confluence of the 
Carity valley with that of the Proson, are considered by Dr. Buck- 
land to have been produced by glaciers, and modified in part subse- 
quently by water. The polish and striz on a porphyritic rock near 
the summit of the hill, on the left side of the main valley, and im- 
mediately above the moraines, he is of opinion must also be assigned 
to glacier action. The vast longitudinal and insulated ridges of 
gravel, extending for two or three miles up the valley east of Blair 
Gowrie, and the transverse barriers forming a succession of small 
lakes in the valley of the Lunanburn, to the west of that town, he 
considers to be moraines; likewise the lofty mounds comprising 
the ornamental grounds adjacent to Dunkeld Castle; the detritus 
covering the left flank of the valley of the Tay, along a great part 
of the road from Dunkeld to Logierait; that on the left flank of the 
Tumel valley from Logierait to Killicrankie; and on the left flank 
of the Garrie, from Killicrankie to Blair Athol. 

The vast congeries of gravel and boulders on the shoulder of the 
mountain, exactly opposite the gorge of the Tumel, Dr. Buckland 
is of opinion was lodged there by glaciers which descended the late- 
ral valley of the Tumel from the north side of Schiehallion and the 
adjacent mountains, and were forced across the valley of the Garry, 

in the same manner as modern glaciers of the Alps (that of the Val 
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de Bagne, for example,) descend from the transverse, and extend 
across the longitudinal valleys. Dr. Buckland mentions the mam- 
millated, polished and striated slate rocks, about one mile above the 

falls of the Tumel, on the left portal of the gorge of the valley, as 
the effects of a glacier which descended the gorge: he notices also 
the rounded outline and polish on veins of quartz, which project 
eight or ten inches above the weathered surfaces of masses of mica 
slate near the same locality. Similar mammillated masses of mica 
slate retaining striz and flutings are visible at Bohaly, one and a 
half miles east of Tumel Bridge. 

Evidences of Glaciers on Schiehallion.—The north and north-east 
shoulders of the mountain present rounded, polished, and striated 

surfaces, many of which have been recently exposed by the construc- 
tion of new roads. On the left flank of the valley called the Braes 
of Foss, and near the thirteenth milestone, a newly-exposed porphy- 
ry dyke, forty feet wide, exhibited a polished surface and striated, 
parallel to the line of descent which a glacier from Schiehallion would 
take ; and on the right flank, one hundred yards north of the eleventh 
milestone, another and smaller dyke of porphyry presented similar 
phenomena. In the intermediate space the recently uncovered slate 
rocks and quartzite are rcunded, polished, grooved, and striated, 
parallel to the direction which a glacier would assume where each 
surface is situated. 

Moraines at Taymouth.—Two lofty ridges of gravel, which cross 
the park at right angles to the sides of the valley between the vil- 
lage of Kenmore and ‘l'aymouth Castle, the hill, on which stands an 

ornamental dairy-house, and the gravel, on which are situated the 
woods overhanging the left bank of the lower end of Loch Tay, 
Dr. Buckland considers to be moraines, or the detritus of moraines ; 

also the deeply-scored and fluted boulders of hornblende rock, with 
other debris near Fortingal, at the junction of Glen Moulin with 
Glen Lyon. 

Moraines in Glen Cofield.—A remarkable group of moraines occurs 
on the high lands which divide the valleys of the Tay and the Bran ; 
and between the sixteenth and fourteenth milestones thirty or forty 
round-topped moraines, from thirty to sixty feet high, are crowded 
together like sepulchral tumuli. These mounds, composed of un- 
stratified gravel and boulders, Dr. Buckland says cannot be referred 
to the action of water, as they are placed precisely where a current 
descending from the adjacent high lands would have acted with the 
greatest velocity ; and they exactly resemble some of the moraines 
in the valley of the Rhone, between Martigny and Loek. The vil- 
lage of Amulrie is considered by the author to stand on a group of 
low moraines ; and the road for two or three miles from it, towards 
Glen Almond, to traverse small moraines or surfaces of mica slate, 
rounded by glaciers. A few conical moraines appear also on the 
high lands between Glen Almond and Crieff. 

Proofs of Glaciers in and near Strath Earn.—This part of the val- 
ley of the Earn is flanked irregularly with ridges and terraces of 
gravel, the detritus of moraines; and on its north side, in the woods 
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adjacent to Lawers House, near Comrie, hard slaty rocks of the Devo- 
nian or old red sandstone system have been rounded and striated. At 
the west end of Comrie, near the bridge, blue slate rocks have been 

also rounded and guttered. 
Evidence of Glaciers near Comrie.—In this district Dr. Buckland 

tested the value of the glacial theory by marking in anticipation on 
a map the localities where there ought to be evidences of glaciers 
having existed, if the theory were founded on correct principles. 
The results coincided with the anticipations. On a hill above the 
gorge, called the Devil’s Caldron, near F entallich, are rounded 

surfaces of greenstone, partially covered by moraines ; and at Kena- 
gart, also immediately above the Devil’s Caldron, is a small cluster 

of moraines, easily separable into lateral and terminal. Two miles 
up the valley a medial moraine forms a ridge on the level ground, in 
front of the confluence of Glen Lednoch and Glen Garron. ‘The farm- 
house of Invergeldy is stated to stand on the detritus of a moraine, 

and the glen descending to it from Ben-na-cho-ny to be partially 
obstructed with moraines. The surface of the granite at Invergeldy, 
which supplied the stone for Lord Melville’s monument at Crieff, is 
rounded and mammillated, but too much weathered to present a 
polish or strie. On a hill of trap, however, half a mile south of the 
farm of Lurg, there is a distinct polish, striated in the direction 
which a glacier descending the subjacent valley would assume. In 
Glen Turret, on the shoulder of the mountain immediately above the 
south-west extremity of Loch Twret, a very deep ravine intersects 
a vast lateral moraine, which Dr. Buckland shows must have been 
lodged there whilst the Loch was a mass of ice, and the valley above 

it filled with a glacier more than five hundred feet above the present 
level of the lake. At the falls of the Turret, at the lower extremity 
of the gorge, is an extensive lodgement of moraines; and at the 
upper end, on the left bank of the Turret, near a gate which crosses 
the road, the slate-rocks are polished and furrowed; and at both 
these localities Dr. Buckland had anticipated that glacial action 
ought to be found. 

Evidence of Glaciers near Loch Earn.—On the north bank of the 
Loch rounded and furrowed surfaces and portions of lateral mo- 
raines are exposed by the roadside; and at Loch Earn Head is a 
group of conical moraines at the junction of Glen Ogle with Loch 
Earn, and at the very point where, had they been brought by a rapid 
current, they would have been propelled into the Loch. It is never- 

theless the exact position where the terminal moraine of a glacier 
would be deposited. 

Moraines near Callender.—Moraines are stated to cover more or 
less the valley of the Teith from Loch Katherine to Callender, and 
the lofty terraces flanking the valley from Callender to Doune are 
considered to be the detritus of moraines, modified by the great 
floods which accompanied the melting of the ice. One of them, near 
Callender, has been mapped as the vallum of a Roman camp. The 
little lakes on the right bank of the Teith, four miles east of Cal- 
lender, Dr. Buckland considers due to moraines obstructing the 

Phil. Mag. 8.3. Vol, 18. No, 120. Suppl. July 1841. 2P 
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drainage of the country; and the greater part of the first table-land 
on the right bank of the Teith, between Callender and Doune, in- 
cluding the portion on which stands Mr. Smith’s farm, to be com- 
posed of re-arranged glacial detritus. 

Proofs of Glacial Action at Stirling and Edinburgh.—Having thus 
shown that glaciers once existed in the glens and mountainous dis- 
tricts of Scotland, Dr. Buckland proceeds to point out the evidence 
of glacial action at points but little raised above the level of the sea, 
and distant from any lofty group of mountains. In 1824 he had 
noticed that the trap-rock then recently exposed on the summit of the 
hill [at Stirling], between the castle and the church, was polished and 
striated, but at his last visit in 1840 these evidences had become obli- 
terated by weathering. The grooves and scratches described by Sir 
James Hall on the Costorphine hills near Edinburgh, and on the sur- 
face of Calton Hill, Prof. Agassiz is of opinion cannot be explained by 
the action of water; but they resemble, he says, the effects produced 
by the under-surface of modern glaciers. In his recent examination, 
in company with Mr. McLaren, of the Castle Rock at Edinburgh, 
Dr. Buckland found further proofs of the correctness of the glacial 
theory, by discovering at points where he anticipated they would 
occur, namely, on the north-west angle of the rock, distinct striz 
upon a vertical polished surface ; and at its base a nearly horizontal 
portion of rock, covered with deep striz; also on the south-west 
angle obscure traces of striz and polished surfaces*. Some of these 
effects may be imagined to have been produced by stones projecting 
from the sides or bottom of floating masses of ice; but it is impos- 
sible, Dr. Buckland observes, to account by such agency for the polish 
and striz on rocks at Blackford Hill, two miles south of Edinburgh, 
pointed out to him by Lord Greenock in 1834. On the south face 
of this hill, at the base of a nearly vertical cliff of trap, is a natural 
vault, partly filled with gravel and sand, cemented by a recent infil- 
tration of carbonate of lime. ‘The sides and roof of the vault are 
highly polished, and covered with strie, irregularly arranged with 
respect to the whole surface, but in parallel groups over limited ex- 
tents. These strie, Dr. Buckland says, cannot be referred to the 
action of pebbles moved by water; Ist, because fragments of stone 
set in motion by a fluid cannot produce such continuous parallel 
lines ; and 2ndly, because if they could produce them, the lines would 
be parallel to the direction of the current: it is impossible, he adds, 
to refer them to the effects of stones fixed in floating ice, as no such 

* In October 1840, Mr. McLaren found a polished surface on a portion 
of rock near the south-west base of Arthur’s Seat. 

Dr. Buckland has in his possession lithographs copied from drawings made 
by Mr. James Hall, of distinct west and east furrows which extend over a 
portion of the north side of the summit of Calton Hill, and on the surface 
of the carboniferous sandstone at Craig Leith Quarry. Dr. Buckland saw 
similar dressings in 1824 in a sandstone quarry near the house of Lord Jef- 
frey, two miles west of Edinburgh; and in 1840, in a railway section at 
Bangholm Bower, one mile north-east of Edinburgh, he found in stratified 
till and sand many striated and fluted boulders. 
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masses could have come in contact with the roof of a low vault. On 
the contrary, it is easy, he says, to explain the phenomena of the 
polish by the long-continued action of fragments of ice forced into 
the cave laterally from the bottom of a glacier descending the valley, 
on the margin of which the vault is placed ; and the irregular group- 
ing of the parallel striz to the unequal motion of different fragments 
of ice, charged with particles of stone firmly fixed in them, like the 
teeth of a file. The cave is not three hundred feet above the level 
of the sea, and the proving of glacial action at this point justifies, 
the author states, the belief that glaciers may also at that period 
have covered Calton Hill and the Castle Hills of Edinburgh and 
Stirling. 
A paper ‘‘ On the Geological Evidence of the former existence of 

Glaciers in Forfarshire,”’ by Charles Lyell, jun., Esq., F.R.S., 

F.G.S., was commenced. 
Dec. 2.—Mr. Lyell’s memoir ‘‘On the Geological Evidence of 

the former existence of Glaciers in Forfarshire,’’ commenced on the 

18th of November, was concluded. 
Three classes of phenomena connected with the transported 

superficial detritus of Forfarshire, Mr. Lyell had referred, for several 

years, to the action of drifting ice; namely, lst, the occurrence of 

erratics or vast boulders on the tops and sides of hills at various 
heights, as well as in the bottoms of the valleys, and far from the 
parent rocks; 2ndly, the want of stratification in the larger portion 
of the boulder formation or till; and 3rdly, the curvatures and con- 
tortions of many of the incoherent strata of gravel or of clay resting 
upon the unstratified till*. When, however, he attempted to apply 
the theory of drifting ice over a submerged country to facts with 
which he had been long acquainted in Forfarshire, he found great 
difficulty in accounting for the constant subterposition of the till 
with boulders to the stratified deposits of loam and gravel; for the 
till ascending to higher levels than the gravel, and often forming 
mounds which nearly block up the drainage of certain glens and 
straths ; for its constituting, with a capping of stratified matter, 
narrow ridges, which frequently surround lake-swamps and peat- 
mosses ; and for the total absence of organic remains in the till. 

Since, however, Professor Agassiz’s extension to Scotland of the 

glacial theory, and its attendant phenomena, Mr. Lyell has re-ex- 
amined a considerable portion of Forfarshire, and having become 
convinced that glaciers existed for a long time in the Grampians, 
and extended into the low country, many of his previous difficulties 
have been removed. There are, nevertheless, facts connected with 

the ridges of stratified materials resting upon till, which he is unable 
to explain. He also states, that though he had for years inferred 
from the evidence of fossil shells sent to him from Canada by Capt. 
Bayfield, that the climate of North America, in the latitude of Que- 

* See Mr. Lyell’s paper on the Norfolk Drift, Phil. Mag., May 1840, 
[Third Series, vol. xvi. p. 345,] and the Abstract of the paper in the Pro- 
ceedings of the Society, vol. iii. p. 171. 
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bec, was far more intensely cold at one period than it is now*, yet, 
that his thoughts had been diverted from the consideration of a long- 
continued covering of snow on the Scottish mountains, by the know- 
ledge that the climate of Great Britain during the several tertiary 
epochs was warmer than it is at present. He is of opinion that, 
during a period immediately antecedent to the existing, several os- 
cillations of temperature may have occurred in the northern hemi- 
sphere. 

Forfarshire, Mr. Lyell divides geologically into three principal 
districts: 1st, the Grampians, composed of granite, gneiss, mica- 
slate, and clay-slate, flanked by a lower range of vertical beds of 
old red sandstone, associated with trap; 2ndly, the great syncli- 
nal trough of Strathmore, occupied by the middle and newer mem- 
bers of the old red sandstone; and 8rdly, the anticlinal chain of 

the Sidlaw Hills, consisting of the inferior or grey beds of the old 
red sandstone, usually accompanied by trap. He further states, 
that it represents, on a small scale, both geologically and physically, 
the portion of Switzerland where erratic blocks are most abundant, 
the Grampians with their crystalline rocks being comparable to the 
Alps, the secondary chain of the Sidlaw Hills to the Jura, and 

Strathmore to the great valley of Switzerland; and that the resem- 
blance is increased by the occurrence in Strathmore and on the 
Sidlaw Hills of angular and rounded blocks of Grampian rocks. 

The superficial detritus of Forfarshire, Mr. Lyell divides into 
three deposits: Ist, the thin unstratified covering on the Grampians, 
derived from the disintegration of the subjacent strata, with a slight 
intermixture of pebbles traceable to rocks at a higher level, not far 
distant ; 2ndly, the unstratified materials enclosing boulders which 
occur at the base of the hills on both sides of every glen, and not 
due to taluses formed by landslips, but constituting terraces of 
transported debris, with a nearly flat top, and sometimes with two 
steep sides, one towards the river, and the other of less height to- 
wards the mountain; and 3rdly, the stratified gravels, sands and 

clays which overlie the unstratified detritus. Mr. Lyell confines 
his observations principally to the second and third divisions. 

The terraces or lateral mounds very generally increase in width 
and depth as they descend from the higher to the lower glens, attain- 
ing in the latter sometimes a thickness of 100 feet, and occa- 
sionally so great a breadth as to leave only sufficient room for the 
river to pass. The inferior part is always unstratified, consisting of 
mud and sand, in which large angular and rounded frs:;ments of 
rocks are imbedded. ‘These boulders are more and more rounded 
as their distance increases from the hills whence they could have 
been detached ; but they are more frequently flat-sided than pebbles 
which have been rounded by water ; and they become more diversi- 
fied in character by the junction of every tributary glen. In the 
upper part the mounds often consist of 40 to 80 feet of the same 
materials as the lower, but regularly stratified. Mr. Lyell then 

* See Proceedings, vol. iii. p. 119 [or L. & EF. Phil. Mag. vol. xv. p. 399]. 
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proceeds to illustrate his subject by describing in detail the phe- 
nomena presented by the valley of the South Esk and those of its 
tributaries. 

The South Esk springs from a shallow lake nearly 3000 feet 
above the level of the sea, and twenty miles from Strathmore. For 
six miles the river flows through a district composed partly of gneiss, 
traversed by veins of granite or eurite, and partly of granite. The 
fragments derived from this high region may be traced downwards 
continuously for twelve miles to Cortachie ; and as a proof that the 
detritus forming the lateral mounds has followed the same down- 
ward course, Mr. Lyell states that it preserves throughout, as well 
in the main as in the lateral glens, an uniformly grey colour; while 
the detritus of the lower zone of mica-slate is invariably tinged red, 
this colour being also imparted to the debris of the still lower por- 
tions of the glens, notwithstanding the intermixture of pale brown 
materials obtained from the clay-slate of that district. Another 
proof of the detritus not having been drifted upwards, is the absence 
in the higher portions of the glens of the blocks of pure white quartz 
whichabound in the region of mica-schist, and have been derived from 
the numerous veins and beds of quartz belonging to that formation. 
The chief exception to this arrangement is a boulder of conglomerate 
in the bed of the Proson, evidently derived from hills two miles to 
the south, but which are considerably above the level of the glen. A 

few other similar exceptions have been noticed, but the distances to 
which the stragglers have been traced are inconsiderable. The phe- 
nomena exhibited by the lateral mounds, Mr. Lyell states, agree 
well with the hypothesis of their being the lateral moraines of gla- 
ciers; and he adds, that he had never been able to reconcile these 

phznomena, particularly the want of stratification, with the theory 
of the accumulations of the detritus during submergence, and the re- 
moval by denudation of the central portions of a deposit which had 
by that means filled the glens. The distribution of an enormous 
mass of boulders on the southern side of Loch Brandy, and clearly 

derived from the precipices which overhang the Loch on the three 
other sides, is advanced as another proof in favour of the glacial 
theory. It is impossible to conjecture, Mr. Lyell says, how these 
blocks could have been transported half a mile over a deep lake; but 
let it be imagined that the Loch was once occupied by a glacier, and 
the difficulty is removed. Loch Whorral, about a mile to the east 
of Loch Brandy, is also surrounded on its north, east and western 
sides by precipices of gneiss, and presents on its southern an immense 
accumulation of boulders with other detritus, strewed over with 
angular blocks of gneiss, in some instances twenty feet in diameter. 
This moraine is several hundred yards wide, and exceeds twenty 
feet in depth, terminating at the borders of the plain of Clova in a 

multitude of hillocks and ridges much resembling in shape some 
terminal moraines examined by Mr. Lyell in Switzerland. 

The great transverse barrier at Glenairn, where the valley of the 
South Esk contracts from a mile to half a mile in breadth, and is 
flanked by steep mountains, Mr. Lyell formerly regarded as very 
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difficult of explanation. Seen from below, this barrier resembles an 
artificial dam 200 feet high, with numerous hillocks on its summit. 
On the eastern side it appears to have been denuded to the extent 
of about 300 yards by the Esk. Its breadth from north to south 
is about half a mile. The lower part, 30 feet in depth, laid open 

in the river cliff, consists of impervious, unstratified mud, full of 
boulders ; but the total vertical thickness of this deposit is stated to 
be from 50 to 80 feet; and the upper part of the barrier is com- 
posed of from 50 to 100 feet of very fine stratified materials. It is 
not possible, Mr. Lyell observes, to account for the accumulation of 
this barrier by the agency of water, particularly as no tributary 
joins the Esk at this point; but if the barrier be supposed to be the 
large terminal moraine of a receding glacier, then its form and 

position, he says, are easily to be understood. M. Agassiz, in his 
work on glaciers, shows, that when these masses of ice enter a nar- 
row defile from a broader valley, the lateral moraines are forced 
towards the centre, and the mass of transported matter is spread 
more uniformly over the whole. Such a terminal moraine left by a 
receding glacier in a defile, Mr. Lyell states, would dam back the 
waters of the glacier, and produce a lake; and the phenomena pre- 
sented by the barrier of Glenairn, and the plain which extends in 
its rear, are fully explicable on the assumption of their having been 
produced by a glacier. The stratification of the upper portion of 
the barrier is also shown to be partly in accordance with the effects 
produced by the formation of ponds of water on the surface of mo- 
raines ; but Mr. Lyell states, that the accumulation of so great a 
capping of stratified materials is still the most obscure character of 
the deposits under consideration. 

At Cortachie, about four miles below the barrier of Glenairn, the 
South Esk enters the country of old red sandstone, and a mile and 
a half lower it is joined by the Proson, and a mile yet lower by the 
Carity. In the district in which these streams unite there is a con- 
siderable thickness of unstratified matter full of Grampian boulders, 
and covered for the greater part with stratified gravel andsand. In 
some cases the latter exhibit the diagonal lamine common in sub- 
aqueous formations; and in others the strata are so contorted, that 

a perpendicular shaft might intersect the same beds three times. In 
the latter instances the surface of the subjacent red boulder clay 
has not partaken of the movement by which the stratified deposit 
was contorted; and in consequence Mr. Lyell ascribed the effect, 
when he first beheld it in 1839, to the lateral pressure of large 
masses of drifted ice repeatedly stranding upon a shoal of soft ma- 
terials*. In the middle of the tract between the South Esk and the 
Proson is a dry valley, and to the south of this valley, near the Pro- 
son, an excavation was made ten years ago, which exposed extremely 
contorted beds overtopped by others perfectly horizontal, having 
been formed by tranquil deposition after the disturbance of strata 
previously deposited. The phenomena exhibited by the till in this 

- * See Proceedings, vol. iii. p. 178. 
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district, Mr. Lyell conceives, might be well accounted for by supposing 
the union of three or four large glaciers ; but he considers it difficult 
to explain the accumulation of the overlying stratified materials, the 
top of which must be 600 feet above the level of the sea, and facing 

the Strath. In following out the narrow ridge which intervenes 
between the Proson and the Carity, during last October, in company 
with Dr. Buckland, the latter drew the author’s attention to a spot 
half a mile south-west of the House of Pearsie, where the surface of 
a porphyry rock was polished, furrowed, and scratched. The quar- 
rymen of Forfarshire also state as a general fact, that rocks of suffi- 
cient hardness, when first laid bare, are smooth, polished and scored; 
and Mr. Blackadder has found on the Sidlaw Hills large boulders of 
sandstone grooved and polished. Another general fact mentioned 
by Mr. Lyell is, that the unstratified boulder-clay becomes more and 
more impervious in the lower part of the Grampian glens, not in 
consequence of the influx of distinct materials, but in the author’s 
opinion of the grinding down by the ice of the mud and other 
detritus. 

Mr. Lyell then describes the phenomena of the second district, 
or Strathmore. Though this district may be considered as one 
great strath, yet it is divided into many longitudinal ridges and 
valleys. The former, sometimes 300 feet in height, are for the 
greater part parallel to the strike of the old red sandstone, and are 
generally covered to the depth of sixty or more feet with till and 
erratics, derived from the Grampians and the subjacent strata. This 
covering is so general, that the structure of the district can be de- 
tected only in the ravines through which the principal rivers pass. 
The till constitutes invariably the oldest part of the detritus. The 
boulders which it contains sometimes exceed three feet in diameter : 
on the north muir of Kerriemuir is a block of trap-rock, six feet by 
five feet, and near it is a mass of mica-schist, nine feet long by four 
feet wide and three high. The till has been ascertained by Mr. 
Blackadder to fill, in many places, deep hollows in the sandstone, 
which would become lakes or peat-mosses if the till were extracted. 
This distribution of the detritus, Mr. Lyell observes, may be ex- 

plained on the supposition that, if the cold period came on slowly, 
the advance of the glaciers would push forward the detritus accumu- 
lated at their termination, and fill up, wholly or in part, the lakes or 
other cavities which they would encounter in their progress. Along 
most of the river courses, and in the lowest depressions of Strath- 
more, the till is covered by stratified sand and gravel. 

One of the most remarkable peculiarities of the transported ma- 
terials of Forfarshire and Perthshire is a continuous stream, from 
three to three and a half miles wide, of boulders and pebbles, trace- 
able from near Dunkeld, by Coupar, to the south of Blairgowrie, 
then through the lowest part of Strathmore, and afterwards in a 
straight line through the lowest depression of the Sidlaw Hills from 
Forfar to Lunan Bay, adistance of thirty-four miles. No great river 
follows this course, but it is marked everywhere by lakes or ponds, 
which afford shell-marl, swamps, and peat-mosses, commonly sur- 
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rounded by ridges of detritus from fifty to seventy feet high, con- 
sisting in the lower part of till and boulders, and in the upper of 
stratified gravel, sand, loam and clay, in some instances curved or 
contorted. The form of the included spaces is sometimes oval, 

sometimes quadrangular. The finest examples are in the lower 
tract, which has the Dean for its southern boundary, and the road 
from the bridge of Ruthven to the south of the grounds of Lindertis 
for its northern. The Grampian boulders are throughout the same ; 
but there are associated with them masses of actinolite schist, which 
Mr. Blackadder has ascertained could be derived only from the val- 
ley of the Tay. The fragments of secondary rocks belong to the 
formations of thedistricts in which they occur. Though the country 
occupied by these marl-loch lakes is not traversed longitudinally by 
any river, yet it is so low, that if the transported matter were re- 
moved, a very slight depression would cause the sea to flow from 
Lunan Bay by Forfar to Blairgowrie and Dunkeld. Mr. Lyell 
therefore formerly conceived that an estuary might have extended 
in that direction, and that the till might have been drifted by 
masses of ice floated from the Grampians and contiguous hills. The 
overlying ridges of sand and gravel he thought might have been 
bars formed one after the other, in the same manner as the bar of 
sand and shingle, which now crosses the mouth of the Tay. The 
inland ridges of sand with boulders, which Mr. Lyell noticed in 
Sweden, and certainly produced under the sea, confirmed him in 

this view. ‘These Swedish ridges are from fifty to several hundred 
yards broad, but sometimes so narrow on the top as to leave little 
more than room for a road; they are from fifty to a hundred feet 
high, and they may be often traced in unbroken lines for many 
leagues, ranging north and south. In his account of these ridges, 
in a memoir published in the Philosophical Transactions*, Mr. 
Lyell states his belief that they were thrown down at the bottom of 
the Gulf of Bothnia, in lines parallel to the ancient coast, and during 
the successive rise of the land. They usually consist of stratified 
sand and gravel, the layers being often at high inclinations; but 
where they are composed of boulders, no stratification is observable. 
After a long search, Mr. Lyell succeeded in finding shells in a layer 
of marl belonging to a ridge in the suburbs of Upsala, about twelve 
feet below the summit of the ridge, and eighty above the sea. The 
shells consisted of Mytilus edulis, Cardium edule, Tellina Baltica, 
Littorina littorea, and Turbo ulve, the most common species in the 

Baltic, and they constituted the greater part of the layer. On the 
summit of the ridge, at a short distance, he noticed angular masses 
of gneiss and granite, from nine to sixteen feet long, which had 
evidently been lodged when the ridge was submarine. 

In Forfarshire Mr. Lyell never succeeded, as in the above case in 

Sweden, in finding marine shells in the ridges of sand; nor does he 
remember to have seen in Sweden transverse ridges at right angles 
to the north and south. The glacier theory, the author states, 

* 1835, pp. 15, 16. 
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appears to offer a happy solution of the problem of the marl-loch 
gravels, the longitudinal banks being regarded as lateral and medial 
moraines, and the transverse ridges as terminal. The chief objec- 
tions are the stratification of the upper part of the banks, and the 
necessity of assuming a glacier thirty-four miles in length, with a 
fall of only 300 or 400 feet of country. 

It has always appeared to Mr. Lyell and Mr. Blackadder remark- 
able, that the marl-loch gravels at Forfar are nearly 100 feet above 
the tract of till which separates them from the valley of South Esk, 
in Strathmore. In the present configuration of the country, water 
could not deposit the Forfar gravels without extending to the South 
Esk, the detritus of which is distinct, and separated by a low district 
of till without gravel. The only explanations of these phenomena 
Mr. Lyell considers to be either that the till is the moraine of a 
glacier, or that there has been a local change of relative levels of 
lands, by which the gravel of Forfar was uplifted, or the till to the 
northward depressed. 

Another line of stratified detritus ranges at a higher level from 
the Loch of Lundie, along the Dichty Water, to the sea at Moray 
Firth, a distance of thirteen miles; and it is stated that many others 
might be enumerated. It is only on the coast to the east and west 
of Dundee, at heights varying from twenty to forty feet, that strati- 
fied clay and gravel have been found by Mr. Lyell to contain marine 
shells, all belonging to known existing species, except a Nucula. 
Although these remains prove a certain amount of upheaval subse- 
quent to the deposition of the till, or to the commencement of the 
glacial epoch, including an equal movement in the interior, still 
Mr. Lyell objects to a general submergence of that part of Scotland, 
since the till and erratic blocks were conveyed to their present 
positions; as the stratified gravel is too partial and at too lowa 
level to support such a theory; and he would rather account for the 
existence of the stratified deposits, by assuming that barriers of 
ice produced extensive lakes, the waters of which threw down 
ridges of stratified materials on the tops of the moraines. With re- 
spect to the geological age of the beds containing the marine shells, 
Mr. Lyell is of opinion that it is synchronous with that of the 
older of the recent formations on the Clyde, examined by Mr. Smith 
of Jordan Hill, and Mr. E. Forbes; and with respect to the age of 

the till and stratified gravel last formed, he is of opinion that it is 
very modern, because these accumulations constitute exclusively the 
dams of certain marl-lochs to the very bottom of the sediment 
formed, in which all the Testacea and skeletons of quadrupeds, as 
well as the remains of plants which have been found, are of existing 
species. 

The third district, or that of the Sidlaw Hills, claimed Mr. Lyell’s 

attention more particularly on account of the Grampian boulders 
with which it abounds. This range, whose greatest height is 1500 
feet above the sea, is composed of anticlinal strata of grey sandstone, 
belonging to the old red sandstone, with associated trap. It is co- 
vered, as well as the whole of the country between Strathmore and 
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the Tay, with the impervious till, containing Grampian boulders and 
fragments of the subjacent grey sandstone. The finest instances of 
erratics observed by Mr. Lyell occur on Pitscanly Hill, 700 feet, and 

the adjacent hill of Turin, 800 feet above the level of the sea. About 
forty feet below the summit, on the southern side of the former, is 
a block of mica-slate thirteen feet long, seven broad, and seven in 
height above the ground. Four smaller and equally angular masses, 
from three to six feet in diameter, lie close to its north end, as if se- 
vered from it. One of the nearest points at which this gneiss occurs 
in situ, is the Craig of Balloch, fifteen miles distant, on the northern 
extremity of the Creigh Hill, and between these points intervenes 
the great valley of Strathmore and the hills of Finhaven. Other 
Grampian boulders, from three to six feet in diameter, occur on the 
hills between Lumley Den and Lundie, at the height of 1000 feet ; 
and Mr. Blackadder has found fragments of mica-schist one foot in 
diameter on the summit of Craigowl, the highest point of the Sid- 
law Hills, and exceeding 1500 feet above the level of the sea. 

In conclusion, Mr. Lyell offers some remarks on the conditions 
under which glaciers may have existed in Scotland, and the differ- 
ences between them and those of the glaciers of Switzerland. He 
states that the glaciers of the latter country being situated 11° 
further to the south, they can present but an imperfect analogy with 
permanent masses of ice in Forfarshire, and that it is to South 
Georgia, Kerguelen’s Land and Sandwich Land that we must look for 
the nearest approach to that state of things which must have existed 
in Scotland during the glacial epoch. In those regions of the south- 
ern hemisphere the ice reaches to the borders of the sea, and the 
temperature of summer and winter being nearly equalized, the gla- 
ciers probably remain almost stationary, like those of the Alps in 
winter, and can be diminished by only the first two of the three 
causes which tend to check an indefinite accumulation of snow in 
Switzerland ; viz. lst, evaporation without melting; and 2ndly, the 

descent of glaciers by gravitation, considered by M. Agassiz to be 
not very influential:—the third cause, the descent of glaciers arising 
from alternate liquefaction and freezing, he conceives must be wholly 
suspended in these regions. 

As the tertiary strata prove that a warm climate certainly pre- 
ceded the assumed glacial epoch in the northern hemisphere, and as 
a mild climate has since prevailed, Mr. Lyell says, there are three 
distinct phases of action to be considered in studying the supposed 
glaciers of Scotland : 1st, the coming on of the epoch ; 2nd, its con- 
tinuance in full intensity; and 3rd, its gradual retreat. At the 
commencement of the first condition, only the higher mountains 
would send down glaciers to be melted in the plains below, as at pre- 
sent in Switzerland, and in Chili between the 40th and 50th degrees 
of latitude. The ice would therefore thus be constantly advancing and 
retreating, but progressively, century by century, gaining ground, 
in consequence of diminishing summer heat; and pushing its terminal 
moraines forward, it would fill up lakes and other inequalities, till 
it finally reached the sea. During the second condition, when the 
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motion of the ice would be very small, there would be, Mr. Lyell 
states, vast accumulations of snow filling the plains and valleys to a 
great height, and leaving bare only the higher peaks and precipices 
of the mountains. From these points, he conceives the erratic 
blocks were detached and conveyed almost imperceptibly along the 
surface of the frozen snow to great distances. Lastly, at the break- 
ing up and gradual retreat of the glaciers during the third period, he 
is of opinion, the boulders were deposited in the various situations 

in which they are now found, and that moraines, or lateral and trans- 
verse mounds, were successively deposited, and lakes formed, by which 
stratified materials were accumulated in certain positions. 

The second part of Dr. Buckland’s Memoir on the Evidence of 
Glaciers in Scotland and the North of England, was then read. 

The first part of the Memoir concluded with an account of glacial 
phenomena in the neighbourhood of Edinburgh (see ant?, p. 569); 
and the line of country more particularly described in this portion 
extends southward from Edinburgh by Berwick, Newcastle, the Che- 
viots, the lake districts of Cumberland and Westmoreland, Kendal 
and Lancaster, to Shap Fell. A large portion of the low lands be- 
tween Edinburgh and Haddington is composed of till or unstratified 
glacier-mud containing pebbles. In the valley of the North Tyne, 
about one mile east of Haddington, is a longitudinal moraine mid- 
way between, and parallel to, the river and the high road; and 
Dr. Buckland directs attention to the trap-rocks which commence a 
little further eastward, and are intersected by the Tyne for four or 
five miles above Linton, as likely to present scored and striated sur- 
faces, where the valley is most contracted. Four miles west of 
Dunbar another long and lofty ridge of gravel stretches along the 
right bank of the river ; and for three miles to the south-east of Dun- 
bar extends a series of terraces or modified lateral moraines. In the 
high valleys at the east extremity of the Lammermuir hills, between 
Cockburn’s Path and Ayton, moraines dispersed in terraces are also 
visible at various heights on both sides of the river; and on the left 
margin of the estuary of the Tweed, three miles north of Berwick, 
round tumuli and oblong mounds of gravel are lodged on the slope 
of a hill 300 or 400 feet above the level of the sea. 

Moraines in Northumberland.—On many parts of the coast of 
Northumberland, especially near Newcastle, deposits of till rest 
upon the carboniferous rocks. At the village of North Charlton, 
between Belford and Alnwick, Mr. C. Trevelyan pointed out to 
Dr. Buckland in 1821, a tortuous ridge of gravel which was sup- 
posed to be an inexplicable work of art; but which he became con- 
vinced, after an examination in 1838 of the upper glacier of Grin- 
delwald and that of Rosenlaui, is a lateral moraine. Dr. Buckland 
was prevented from examining the gorges through which the Burns 
descend from the eastern extremity of the Cheviots, but he directs 
attention to them as points where strie and other proofs of glacial 
action may be found. Immediately below the vomitories of the 
eastern valleys of the Cheviots, enormous moraines are stated to 
cover a tract four miles from north to south, and two from west to 
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east ; and the high road to wind among cultivated mounds of them 
from near Woller, through North and South Middleton, and by 
West and East Lillburn to Rosedean and Wooperton. On the left 
bank of the College Burn *, immediately above the bridge at Kirk- 
newton, Dr. Buckland discovered last autumn a moraine thirty feet 
high, stratified near the top to the depth of a few feet, but com- 
posed chiefly of unstratified gravel, inclosing fragmentary portions 
of a bed of laminated sand about three feet thick. Some of these 
fragments were in a vertical position, others were inclined, and the 
lamine of which they were composed, were, for the greater part, 
variously contorted. He is of opinion that these detached portions 
were severed from their original position, moved forward, and con- 
torted by the pressure of a glacier, which descended the deep trough 
of the College Burn from the northern summit of the Cheviots. 

Evidence of Glaciers in the mountains of Cumberland and West- 
moreland.— Proofs of glacial action, Dr. Buckland says, are as abun- 
dant throughout the lake districts and in the districts in front of the 
great vomitories through which the waters of the lakes are discharged, 
as in Scotland and Northumberland. Thus, in the vicinity of Pen- 
rith, near the junction of the Eden with the Eamont and the Lowther, 

are extensive moraines loaded with enormous blocks of porphyry and 
slate, brought down, Dr. Buckland observes, by glaciers, which 
descended from the high valleys on the east flanks of Helvellyn, and 
in the mountains around Patterdale, into the lake of Ulleswater 
(considered to be then occupied by ice), and from the valleys by 
which the tributaries of the Lowther descend from the east flank of 
Martindale, from Haweswater and Mardale. A remarkable group 
of these moraines is by the road side near Eden Hall four miles east 
of Penrith; and the detritus of moraines is stated to occupy the 
greater part of the valley of the Eamont, from Ulleswater to its 
junction with the Eden. On the southern frontier of these moun- 
tains in Westmoreland and Lancashire similar moraines occur on an 
extensive scale. Thus, immediately below the gorge through which 
the Kent descends from the mountains of Kentmere and Long Sled- 
dale, many hundred acres of the valley of Kendal are covered with 
large and lofty insulated piles of gravel; and smaller moraines, or 
their detritus, nearly fill the valley from Kendal to Morecombe Bay. 
Five miles north-east of Kendal, on the high road from Shap, on the 
shoulder of the mountain in front of the valley of Long Sleddale, and 

at an elevation of 500 feet, a group of moraines occupies about 200 
acres, and is distinguished from the adjacent slate rocks by a superior 
fertility. On the south of Kendal, the high roads from Burton and 
Milnthorpe to Lancaster, pass for the greater part over moraines or 
their detritus ; and Lancaster Castle, placed in front of the vomitory 
of the Lune, is stated to stand on a mixed mass of glacial debris, 

probably derived from the valley ofthe Lune. The districts of Fur- 
ness, Ulverston, and Dalton are extensively covered with deep de- 

posits of glacier origin, derived from the mountains surrounding the 

* For a notice by the late Mr. Cully, of a sudden flood in this district in 
1830, see Proceedings of the Geological Society, vol. i. p. 149. 
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upper ends of Windermere and Coniston lakes ; and they contain a 
large admixture of clay, in consequence of the slaty nature of many 
of the mountains. A capping of till and gravel, thirty to forty feet 
thick, overlies the great vein of hematite near Ulverston. The nu- 
merous boulders upon the Isle of Walney also indicate the progress 
of the moraines from Windermere and Coniston to the north-west 
extremity of Morecombe Bay. 

Dr. Buckland was prevented from personally examining, during his 
late tour, the south-west and west frontiers of the Cumberland 
mountains, but he conceives that many of the conical hillocks laid 
down on Fryer’s large map of Cumberland, in the valley of the 
Duddon, at the south base of Harter Fell, are moraines; that some 
of the hillocks in the same map on the right of the Esk, at the east 
and west extremities of Muncaster Fell, are also moraines formed by 
a glacier which descended the west side of Sca Fell; and that many 
of the hillocks near the village of Wastdale were formed by moraines 
descending westward. Dr. Buckland is likewise convinced that 
moraines exist near Church in the Valley ; also between Crummoch 
Water and Lorton, in the valley of the Cocker; and near Isle, in 
the valley by which the Derwent descends from Bassenthwaite lake 
towards Cockermouth, though there are no indications of them on 
Fryer’s map. 

Near the centre of the lake district are extensive medial mo- 
raines on the shoulder of the hill called the Braw Top, and formed 

by glaciers at the junction of the valley of the Greta with that of 
Derwent Water. 

Dr. Buckland had no opportunity of seeking for polished and stri- 
ated surfaces in the high mountain valleys of the lake district; but 

he found them on a recently exposed surface of greywacke in Dr. 
Arnold’s garden at Fox Howe near Ambleside ; likewise near the 
slate quarry at Rydal; and on newly bared rocks by the side of the 
road ascending from Grassmere to the Pass of Wythburn; he is also 
of opinion that many of the round and mammillated rocks at the 
bottom of the valley, leading from Helvellyn by the above localities 
to Windermere, owe their form to glacial action. 

The remarkable assemblage of boulders of Criffle granite at Shalk- 
beck, between Carlisle and Cockermouth, Dr. Buckland conceives 
may have been transported across the Solway Frith on floating 
masses of ice, in the same manner as the Scandinavian blocks are 

supposed to have been conveyed across the Baltic to the plains of 
Northern Germany. 

Dispersion of Shap Fell Granite by Ice.—The difficulties which 
had long attended every attempt to explain the phenomena of the 
distribution of the Shap Fell boulders, Dr. Buckland considers, are 

entirely removed by the application of the glacial theory. One of 
the principal of these difficulties has been to account for their disper- 
sion by the action of water; northwards along the valley, descend- 
ing from Shap Fell to Shap and Penrith; southwards in the direc- 
tion of Kendal and Morecombe Bay; and eastward, over the high 

table-land of Stainmoor Forest, into the valley of the Tees, as far 



590 Royal Astronomical Society:—Mr. Airy on the 

as Darlington. A glacier descending northwards from the Fell 
would, on the contrary, carry with it, Dr. Buckland says, blocks to 
the village of Shap, and strew them thickly over the space where 
they are now found; another, taking a southern course, would 

drop the boulders on the hills and valleys over which the road de- 
scends by High Borough Bridge to Kendal; and a third great gla- 
cier, proceeding eastwards betwixt Crosby, Ravensworth, and Orton, 
would cross transversely the upper part of the valley of the Eden, 
near Brough, and accumulate piles of ice against the opposite escarp- 
ment until they overtopped. its lowest depression in Stainmoor 
Forest, and disgorged their moraines into the valleys of the Greta 
and the Tees. There are abundant proofs, Dr. Buckland states, of 
the existence of this glacier in large mud and boulder moraines, in 
the ascent of the gorge between Shap Fell and Birbeck Fell, and in 
the furrows and strie, as well as the mammillated forms of the 
rocks at the portals of the gorge, particularly on the northern side. 
In the physical structure of this neighbourhood, Dr. Buckland 
points out other conditions which would have facilitated the accu- 
mulation of glaciers, as the lofty mountains of Yardale Head, which 
overtop Shap Fell on the north-west, and the still higher mountains 
to the west, whose snows must have nourished enormous glaciers ; 
and he concludes by stating that Professor Agassiz, during an inde- 
pendent tour, arrived at similar conclusions respecting the mode by 
which the Shap boulders were distributed. 

ROYAL ASTRONOMICAL SOCIETY. 

{Continued from p. 156.] 

March 13, 1840.—The following communications were read : 

On the Regulator of the Clock-work for effecting uniform Move- 
ment of Equatoreals. By G. B. Airy, Esq. Astronomer Royal. 

The subject of this communication is a mathematical investigation 
of a mechanical problem of great importance in practical astronomy. 
The author remarks, that the accuracy given to a most delicate and 
valuable species of observations, by the use of clock-work attached 
to equatoreals, is so great, and the importance of the application so 
evident, that any investigation which assists in elucidating the prin- 
ciples on which such apparatus should be constructed, and especially 
any which points out the nature of one important defect to which 
it may be liable, cannot but be regarded as interesting to the prac- 

tical astronomer and the instrument-maker. 
After adverting to the different methods of giving motion by a 

train of wheel-work to the polar axis of the equatoreal, which have 
been adopted in the principal instruments hitherto erected, as the 
Dorpat telescope, the Keenigsberg heliometer, the Cambridge equa- 
toreal, &c., the author proceeds to consider the various means 

which have been put in practice for effecting the regulation. In 
the mountings constructed by Fraunhofer, the axis of the regulator 
is vertical; it carries a horizontal cross-arm, to the extremities of 
which are attached springs nearly transverse in direction to the 



Regulator of the Clock-work of Equatoreals. 591 

cross-arm, carrying at the ends small weights. When the regulator 
is made to revolve with a certain velocity, the centrifugal force of 
the balls bends the springs till the balls just touch the inner surface 
of a drum which surrounds the regulator: the smallest additional 
velocity causes the balls to press against the drum and create a 
friction which immediately reduces the velocity; and the drum is 
made slightly conical, so that by raising or depressing it the velocity 
may be altered at pleasure. ‘This construction not only partakes 
of the defects common to all the others, but is liable besides to this 
peculiar objection, that the determinate rate will depend most es- 

sentially on the strength of the springs, and will therefore depend 
on temperature and other varying causes. The other constructions 
(which were practically introduced by Mr. Sheepshanks) depend 
upon the same principle as that of the governor of the steam-en- 
gine. Two balls suspended from the upper part of a vertical axis, 
by rods of a certain length, are made to expand by the rotatory ve- 
locity of the axis; and this expansion, when it reaches a certain 

extent, is made to pressa lever against some revolving part, and 
thereby to create a friction which immediately checks the velocity. 
In some cases the balls are suspended by rods from the extremities 
of a horizontal arm carried by the vertical axis. This construction, 
adopted in the south equatoreal of the Royal Observatory, may be 
considered analogous to Fraunhofer’s, substituting for the springs 
the gravity of the balls;—a change which can hardly fail to be ad- 
vantageous. 

Now, the uniformity of rotatory motion of the spindle, in these 
various constructions, depends entirely on this assumption ; that if, 
upon the whole, the retarding forces are equal to the accelerating 
forces, the revolving balls will move in a circle and in no other 
curve. But this assumption is not correct. If, for instance, we 
consider the case of balls, suspended as in the governor of the 
steam-engine; the motion of each of the balls may be the same 
(omitting the moments of inertia of the various parts of the machine, 
which are trifling) as that of a ball, suspended by a string, and put 
in motion by an arbitrary impulse; and a ball so suspended may 
move in a curve differing insensibly from an ellipse. Now this 
elliptic motion actually takes place. In some instances observed 
by the author, the balls of the regulator, instead of revolving in a 

circle, revolved in an ellipse of considerable excentricity, and the 
rotatory motion of the spindle was therefore exceedingly variable. 
The effect of this irregularity on the motion of the equatoreal, 
whether the inequalities of motion are followed by the polar axis, 
or merely communicate a general tremor to the frame, must be 
injurious. 

The inequality now mentioned is only one case of a very ex- 
tensive theorem, which may be thus enunciated :—‘‘ Whenever the 
equilibrium of forces requires that a free body be brought to a de- 
terminate position, either absolute or relative to other parts of the 
mechanism with which it may be connected, the body will not re- 
main steadily in that position of equilibrium, but will oscillate on 
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both sides of that position, and (so far as the action of those forces 
affect it) will have no tendency to settle itself in the position of 
equilibrium.” ‘This theorem supposes that some cause of disturbance 
has once put the body into a state of oscillation; and renders it 
necessary to take account of such oscillation in planning any me- 
chanism which depends upon assuming the position of equilibrium 
to be nearly preserved. 

If we examine the theory of the regulator, we shall see that the 
friction which checks the motion takes place when the balls are 
most distant from the axis, and (as the equable description of areas 
is nearly observed) this occurs when the angular motion is least. 
The whole maintaining force acts without check when the balls are 
nearest to the axis, that is, when the angular motion is greatest. 
Therefore, when the angular motion is least, the acting forces tend 

still to diminish it; when greatest, they tend to increase it. Hence 
the inequalities of angular motion will increase till some new forces 
come into play, which act in some different manner: and thus is 
explained the obstinate adherence of the governor balls in some 
cases to their elliptic motion. 

The author next proceeds to consider the ways in which an at- 
tempt may be made to counteract the injurious effects of such oscil- 
lations. ‘These appear to be only two; one, to make the oscilla- 
tions of velocity much slower (or to make their periodic time 
longer) ; the other, to make the oscillations quicker (or to make 
their periodic time shorter). The first of these methods has the 
effect of giving greater smoothness to the motion (an object of 
great importance) ; and it is the principle which was adopted with 
success in the clock-work of the Cambridge equatoreal. The se- 
cond method endangers the smoothness of the motion; but, as the 
error has but a short time for accumulation, it ensures that the ob- 

ject shall remain steady under the wire of the telescope far more 
completely than the first. The construction attached to the clock- 
work of the south equatoreal of the Royal Observatory is on this 
principle; and it appears to answer extremely well. 

_ The mathematical problem proposed by the author in the present 
communication is an investigation into the motion of governor balls, 
for the purpose of deducing the time of rotation corresponding to a 
given expansion of the balls, and the periodic time of their oscilla- 
tions, and the consequent oscillations in the angular speed of the 
spindle; and the subject is discussed on four different suppositions, 
which, with their several principal results, are as follows: 1. When 

the balls are supposed to be: acted upon by no force. The result 
is, that the periodic time of oscillation is somewhat greater than 
half the time of rotation. 2. When the axis which carries the balls 
has a fly-wheel attached to it. In this case the periodic time of the 
oscillations cannot be less than half the time of rotation, and may 
be in any proportion greater. 8. When the balls are suspended by 
rods from a horizontal arm carried by the regulator-spindle. ‘The 
result is, that the periodic time of the oscillations may be made 
small in any proportion to the time of rotation. 4. On an assumed 



Verification of Lacaille’s Arc of the Meridian. 593 

law of accelerating force and retarding friction. The result is, that 
the effect of these forces is to increase continually the inequality 
of motion. 

Note on an Arabic Globe belonging to the Society. By R. W. 
Rothman, Esq. M.A., Foreign Secretary. 

The instrument in question is a small bronze globe, about six 
inches in diameter, brought some time ago from the East, having 
the positions of the principal stars marked by silver studs, with 
their Arabic names engraved ; and the object of the present note is 
to point out the differences between the names of the stars as found 
on the globe, and those given in the Catalogue of Ulugh Beg, with 
which, in general, the globe agrees, though in some instances the 
differences are worthy of notice. From the position of the colour, 
&c. it is inferred that the globe is not of ancient date; but it bears 
no mark indicative of the precise period of its construction. 

Elements of Galle’s Second Comet ; computed by M. Petersen, 
and communicated by Professor Schumacher. 

April 10.—The following communications were read :— 
Observations made at the Cape of Good Hope, in the year 1838, 

with Bradley’s Zenith Sector, for the Verification of the Abbé De 
Lacaille’s Arc of the Meridian. By Thomas Maclear, Esq. F.R.S. 
Communicated by the Lords Commissioners of the Admiralty*. 

The present paper is the second which has been received from 
Mr. Maclear on the subject of the important and interesting opera- 
tions now going on at the Cape, relative to the measurement of an 
are of the meridian. 

In the former communication, an account of which is given in the 

Monthly Notice for April 1839 (Phil. Mag. Third Series, vol. xiv. 
p. 522), Mr. Maclear detailed his proceedings for the purpose of 
identifying the terminal station of Lacaille’s arc; the present con- 
tains the sector observations, with their reduction, and the deter- 
mination of the amplitude of the arc. 

The sector was delivered to Mr. Maclear in Table Bay, by Cap- 
tain Maitland, of H. M. ship Wellesley, on the 9th of December, 
1837, and was conveyed the same day to the Royal Observatory 
under his personal superintendence; and on the 10th the instru- 
ment was put together and erected in the centre room. As this 
room was originally constructed for a zenith-tube of limited dimen- 
sions, it became necessary to enlarge the apertures by sawing 
through a portion of the iron bars of the grating forming the floor 
of the lantern, and of the rafters above. In this tedious operation 
nearly a month was consumed ; but, in the meanwhile, a tent and 
a tripod for the support of the sector were prepared, a list of stars 
selected, and a variety of details settled, in which the author states 
Sir J. Herschel cordially assisted with his advice. 

The site of Lacaille’s Observatory in Cape Town being covered 
by a large building, erected since 1752, the sector could not be 
placed exactly over Lacaille’s station; it was accordingly raised in 
the court-yard of the house, under a tent, and every disposition 

* (See Phil. Mag. Third Series, vol. xvi. p- 594.) 
Phil, Mag. 8.3, Vol. 18, No, 120, Suppl, July 1841. 2Q 
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made, which the confined locality admitted of, to secure the canvass 
against the effects of the wind. The instrument was erected and 
adjusted on the 29th of January, and the observations commenced 
the same evening. ‘They were carried on until the 19th of Fe- 
bruary, but under very disadvantageous circumstances, principally 
from the violence of the north-east wind acting on the unsettled 
canvass, and the showers of sand carried into the tent from the 
street. This series of observations proved to be unsatisfactory, and 
was not used for the determination of the amplitude. 

As one of the objects for which the present observations were 
undertaken was to determine the influence of Table Mountain on 
the direction of the plumb-line, the sector was next transferred to 
a station close up towards the precipitous front of the mountain, on 
its north side, and about 1000 feet above the level of the sea. 
Previous, however, to the commencement of the observations at 
this station, Mr. Maclear removed the bisecting wires, which had 
been found too thick far several of the stars employed, and substi- 
tuted cobweb. The observations began on the 24th of February, 
and were continued till the 13th of March, when the sector was 
dismounted and carried, as before, by coolies to the office of the 
Engineer Department in Cape Town. 

The next step in the proceedings was to transport the sector to 
Klyp Fonteyn, the northern extremity of the arc. The party ar- 
rived at the station on the 24th of March, and immediately prepared 
to erect the sector on the corn-floor described in the former Notice 
as Jacobus Cotsee’s foundation, which is situated at, and rather 
within, the south extremity of the ruin supposed by Captain Everest 
to be the granary of Lacaille. Before the instrument was set up, 
the several pieces forming the bearing and upper adjustments of the 
tube were separated, and carefully cleared from sand and dust. A 
tent having been raised, and fixed to iron pins driven into the floor, 
the tube was placed on its bearings, and the two barometers sus- 
pended from the sector tripod. At the distance of twenty-one feet 
exactly, and due east of the sector axis, a nail was driven into the 
floor, on which the axis of the repeating circle was placed. 

The observations for zenith distances began on the 28th of 
March, and were continued to the 21st of April, a sufficient num- 
ber having then been made for settling the question of the ampli- 
tude. Before leaving the station plans were made of the place, and 
of the foundations which had been discovered by Lieutenant Williams 
and the sappers; a base-line was measured, and the nature of the 
country to the north of the station examined. It was on the 6th of 
April that the foundation was discovered, whose dimensions cor- 
respond in some measure to the description given by Lacaille in his 
Journal of the granary he had occupied. ‘The sector having been 
taken down, and a bottle containing an inscription deposited in a 
hollow chiseled into the solid rock about three feet below the 
surface, to mark the spot over which it had been erected, the party 
quitted Klyp Fonteyn on the 25th of April, and arrived at the Ob- 
servatory on the lst of May. 
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A cursory comparison of the observations having shown that 
those made at the southern station did not deserve the confidence 
required in a work of this kind, where the length of a few feet is a 
quantity of importance, and experience having proved that good ob- 
servations could not be obtained under a tent in Mrs. De Witt’s yard, 
it was resolved to-look out for some solid building close to the sta- 
tion, where the sector could have fair play. Mr. Maclear fixed upon 
the Raggebay Guardhouse, and the necessary permission having been 
obtained, a hole was made in the roof, the floor taken up and sunk 
to the requisite depth, and the sector erected on the 7th of May, 
one week after the return of the party from Klyp Fonteyn. 

From the state of the weather, no observations could be obtained 
until the 12th, and frequent interruptions afterwards occurred from 
the same cause; so that six weeks were expended on a a work 
which,in favourable weather, might have been accomplished in two. 

The sector was dismounted on the 30th of June, and carried 
back to the Observatory, where it was again set up in the sector- 
room on the 2nd of July. On examination, it was found to be as 
perfect as when first received, without the slightest mark of injury. 

The author next proceeds to give the reduction of the observa- 
tions. The barometers employed at Klyp Fonteyn were made by 
Mr. Thomas Jones, and from a comparison of their results with the 
Journal kept at the Royal Observatory, it appears that the station 
at Klyp Fonteyn is 485 feet above the mean level of the sea*. The 
station in the Guardhouse is close to the sea beach; the feet of 
the sector tripod could not be more than two or three feet above 
high-water mark. The chronometer employed at both stations 
was by Arnold, and beats half-seconds. Its performance at Klyp 
Fonteyn was goad ; at the Guardhouse, the reverse. At the former 
place, its rate was actually obtained by altitudes near the prime 
vertical; in Cape Town, by means of journeymen pocket-chrono- 
meters, carried to and from the transit-clock at the Observatory. 

The collimation of the middle wire was deducted from the suc- 
cessive transits of stars in the alternate position of the limb, east 
and west. 

The corrections for aberration, precessions, and nutation were 
calculated by means of the constant in the Royal Astronomical 
Society’s Catalogue, recomputed for 1838. 

The number of stars observed was 40; of which 20 were to the 
north, and 20 to the south of the zenith at the Cape. The number 
of observations at Klyp Fonteyn is 464, and at the Guardhouse 669 ; 
in all, 1133. It may therefore be supposed that errors of observa- 
tion are reduced to nothing. 

The final results are deduced as follows :—The amplitude being 
found from the mean of the reduced zenith distances of each star 
observed at both stations, and each result having a weight assigned 
to it equal to the product obtained by multiplying the least number 

* In the former communication the height of the station is stated to be 
nearly 400 feet—Monthly Notices, vol. iv. p. 194. [Phil. Mag. S. 3,‘vol. 
xiv. p. 528.) 

2Q2 
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of observations of the star in question at one station, and in one 
position of the sector, into the least number for the same star at the 
other station, the resulting mean amplitude from the stars north of 
the zenith is 1° 13' 1'"173, and from the stars south of the zenith, 
1° 13! 14""-961. 
By assigning to the amplitude found from each star a weight 

equal to the quotient of the square of the number of observations 
of the star by twice the sum of the squares of the errors at both 
stations, the group to the north of the zenith gives 1° 13! 14!"173, 
and the group to the south 1° 13! 14-953. The results of the 
two methods of computation may be regarded as identical ; and the 
stars north of the zenith give the amplitude Jess by 0”:78 than the 
stars south of the zenith. 

It is not easy to assign the cause of this discrepancy. Mr. 
Maclear inclines to ascribe it to the probable expansion of the tube 
at Klyp Fonteyn from the high temperature. While the observa- 
tions were made the thermometer was sometimes as high as 938°, 
while at the Guardhouse the range was between 57° and 63°. 
Lacaille (Mém de l’ Acad. 1752) states that his southern group of 
stars gave the amplitude greater by 0”8 than the northern. This 
near coincidence with Mr. Maclear’s result is remarkable. 

If the expansion of the tube be the cause of the discrepancy, the 
mean between the north and south groups is as correct as if no ex- 
pansion took place. This mean is 1° 13! 14!"56, with a probable 
error not exceeding 0!"03. : 

The axis of the sector on the corn-floor at Klyp Fonteyn was 
216 feet (reduced to the meridian) south of the centre of the founda- 
tion discovered on the 6th of April, and supposed to be Lacaille’s 
sector station. The axis of the sector in the Guardhouse was 45 
feet on the meridian north of Lacaille’s sector station in Mrs. De 
Witt’s yard. Now 261 feet = 2”°56; which added to 1° 13’ 14”°56 
gives 1° 13! 17”:12 for the amplitude of Lacaille’s arc. Lacaille’s 
value is 1° 13! 17°33*. 

The author remarks, in conclusion, “ that although this work 
does not clear up the anomaly of Lacaille’s arc, it redounds to the 
credit of that justly distinguished astronomer, that, with his means, 
and in his day, his result from 15 stars is almost identical with 
that from 1133 observations on 40 stars, made with a powerful and 
celebrated instrument. Our field of inquiry is now limited to the 
terrestrial measure, which every friend to science must wish to see 
undertaken without delay, as a portion of a greater arc to extend so 
far as to neutralise local attractions, and leave no doubt upon the 
true curvature of this portion of the southern hemisphere.” 

The Longitude of Madras, computed from Moon-culminating 
Observations. By Edward Riddle, Esq. 

Mr. Riddle having undertaken, at the request of Mr. Baily, to 
compute the longitude of the Madras Observatory from a mass of 

* In the Fundamenta Astronomie (page 184), Lacaille states that the 
amplitude deduced from the observations corrected for errors subsequently 
discovered in the divisions of the sector, and recomputed, is 1° 13! 17'"5. 
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corresponding moon-culminating observations made there and at 
Greenwich, Cambridge, and Edinburgh, in 1834, 5, 6, and 7—ob- 
servations which have not before been used for the purpose,—has 
availed himself of the occasion to enter at considerable length into 
the practical details of the method of computing the longitude ; and 
has given all the requisite formule, with examples of their applica- 
tion from the observations under discussion. 

The general result of the computations, of which a further ac- 
count appears in the Monthly Notices for April, is that the longi- 
tude of Madras from Greenwich is, 

he m3 

5 20 54:9 by 54 observations at Greenwich and Madras 
Doo estou iO Sys i Cambridge and Madras 

58:0... 65 ,, 93 Edinburgh and Madras. 

Ephemeris and Elements of the third Comet discovered by Galle. 
By Mr. Rumker, Superintendent of the Observatory at Hamburg. 
Communicated by Dr. Lee. 

Approximate elements of the same comet have been received 
from Professor Schumacher. 

It has been remarked that these elements resemble those of a 
comet observed in China in 1097, and computed by Burckhardt ; and 
of one which appeared in 1468, of which observations are recorded 
by Pingré. Supposing the three appearances to have been of the 
same comet, the periodic time is thus about 371 years. 

On the Present State of our Knowledge of the Parallax of the 
Fixed Stars. By the Rev. R. Main. 

This paper was in part read. 
May 8.—Among the presents announced at this meeting, was 

a 7-feet Newtonian Reflecting Telescope, the work of the late Sir 
William Herschel, and presented by him to his sister, Miss Caroline 
Herschel; in whose name, and that of the President, it was now 

presented to the Society. 
The reading of Mr. Main’s paper on the Present State of our 

Knowledge of the Parallax of the Fixed Stars, was resumed and 
concluded. 

This memoir was read to the Council of the Society at their 
meeting in January of the present year; the object of it being a 
review of the parallax of the Cygni, recently obtained by Professor 
Bessel. In presenting it as a memoir, to be read before the Society, 
the author determined to allow it to remain in its original form of 
a report addressed to the Council; feeling that, if it were given in 
any other shape, his discussion of the results of eminent contem- 
poraneous astronomers on the subject of annual parallax might 
seem presumptuous. He recommends to the notice of astronomers 
a very complete historical summary of astronomy, as connected 
with this subject, by Fockins (which work was printed at Leyden 
in 1835), entitled Commentatio Astronomica de Annuali Stellarum 
Parallaxi, which, he remarks, very materially assisted him in the 
prosecution of the historical part of his work. The author proposes 
the following divisions of his report :— 
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1. Abstracts of theoretical papers which have appeared on the 
subject of annual parallax. 

2. A statement of the results of observations which have been 
made since the time of Bradley for the purpose of detecting par- 
allax. 

3. A review of the results of contemporaneous astronomers on 
this subject. 

4. A discussion of Bessel’s observations and results. 
Under the first division, he gives abstracts of the, following 

papers :— 
A Memoir by Clairaut.—Mémoires de l’Académie, 1739, p. 358. 
A Memoir by Sir W. Herschel.—Phil. Trans. 1782, lxxii. P. I. 

p- 82. 
A Memoir by Schubert.—Berliner Astronomisches Jahrbuch, 

1796, p. 118. 
A Memoir by Sir J. Herschel on the Detection of Parallax by 

the Variation of the Angle of Position of Double Stars.—Phil. 
Trans, 1826, P. II. p. 266; and 1827, P. I. p. 126. 

A Memoir by Struve, forming one of the introductory chapters 
to his large work on double stars. 
A discussion by Bessel of Bradley’s Observations of Right Ascen- 

sions of Stars differing by nearly 125.—Fundamenta Astronomiz, 
Introduction. 

Under the second head he gives, briefly, the results obtained by 
Piazzi, Calendrelli, Brinkley, Pond, Bessel, and Struve, referring to 
the following works : 

For Piazzi and Calendrelli :— 
Memoirs of the Italian Society, vol. xii. 
Calendrelli’s Opusculi Astronomichi, vol. for 1806. 
Zach’s Monthly Correspondence, vols. xviii. and xix. 
For Brinkley and Pond :— 
Phil. Trans., vols. for 1810; 1817; 1818, P. II.; 1821, P. I1.; 

1823, P. I.; 1824, P. I. and II. 
Memoirs of the Astronomical Society, vol. i. P. II. 
‘Transactions of the Royal Irish Academy for 1815, vol. xii. 
The Introduction to the Konigsberg Observations for the year 

1816. 
The Dorpat Observations, vols. i., li., and iil. 
Under the third head, the following memoirs on the subject are 

considered :— 
On the Parallax of a Aguile, by Mr. Henry Taylor, Astronomer 

to the East India Company at Madras. 
On the Parallax of a Lyre, by the Astronomer Royal.—Mem. 

Ast. Society, vol. x. 
On the Parallax of a! and a? Centauri, by Professor Henderson, 

Mem. Ast. Society, vol. xi. 
On the Parallax of Sirius, by Professor Henderson*. Not yet 

printed in the Society’s Memoirs. ; 
[* An abstract of Prof. Henderson’s paper will be found in Phil, Mag. 

Third Series, vol. xvi. p. 148.] 
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Of these memoirs, it is sufficient to say that Mr. Henderson’s 
parallax of a Centauri is discussed at some length; and the result 
is, that there seems a strong probability of a sensible parallax in 
this remarkable star, which is strongly recommended to the atten- 
tion of southern astronomers. 

Lastly, in discussing Bessel’s parallax of 61 Cygni, the author 
proceeds as follows*:— . 

That the indication of a parallax in the agreement between the 
fourth and fifth columns of the preceding tables may be rendered 
more evident, a graphical projection of them is added. The time 
being set off by proportional spaces on the line of the abscisse, in- 
clined lines are drawn through the origin (Jan. 1, 1838), whose 
ordinates represent the effects of Bessel’s correction of the proper 
motion with contrary signs. From these lines the above differences 
are set off in the direction of ordinates to the abscissa. The curve, 
therefore, which passes through the extremities of these ordinates, 
represents the periodical effect of parallax; and accompanying 
curves being given, exhibiting the true effect of Bessel’s assumed 
value of the constant, the agreement between the two is shown to 
be most complete. In the case of measures of distance from star 
(a), the maximum and minimum and vanishing ordinates of the 
curve are shown with almost as much regularity by the observed 
differences as by the assumed parallax; and in the second case, 
though the agreement is not so close, yet the general law of the 
curve of sines is well preserved. 

In arguing on the evidence afforded by the foregoing tables and 
graphical illustrations, the author concludes, not only that a real 
parallax has been detected, but that its amount is very approxi- 
mately given in Bessel’s investigation, who is enabled, by repeating 
the same process, to diminish at pleasure the residual errors of the 
determination. This feature separates completely this from all 
former attempts, in some few of which an amount, rather greater 
than the limiting probable errors, would seem to announce a paral- 
lax, of which the evidence is yet so slight as to leave the mind quite 
unsatisfied of its existence; while the uncertainty of its amount 
(supposing its existence to be proved) prevents its application to 
ulterior objects in sidereal astronomy. 

To the memoir are annexed two appendices, the first of which 
contains the investigation of formule for computing the coefficients 
of the constant of parallax in the two cases; and also for finding 
the variation in the angle of position of two stars very near each 
other, one of which is affected by parallax. 

The second contains a translation of the most important parts 
of Bessel’s description of his Heliometer, from the Astronomische 
Nachrichten, vol. viii. No. 189. 

An extract was read from a letter from Professor Bessel to the 
President, stating that the observation on 61 Cygni had been con- 

* Bessel’s letter is contained in vol. iv. No. 17, of the Notices of the 
Astronomical Society {and in Phil. Mag., Third Series, vol. xiv. p. 68.). 
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tinued through the last year to the end of March 1840, and that 
the most probable values of the parallax resulting from the measured 
distances of the double star from each of the two stars of compari- 
son, (a) and (4), are as follows :— 

188 obs. 61—a.. .. 0'"3584—0"0756k; weight, 64°66 
214 .. 61—6..,.0 *3289—0 -0276k; ... 78°89 

(k being a small indeterminate correction depending on the effects 
of temperature on the micrometer-screw). 

The sums of the squares of the errors cannot, on the supposition 
of a vanishing yearly parallax, be made less than — 

61—a.', , 12°7282—3°2445 k+0°6330 ke 
61—6... 15°6507—1°6094 k+-1°7029 k?; 

but on‘assuming the annual parallax to have the value before as- 
signed to it, they become — 

61—a, . 4°4245+0°2579k 0°2627k2=4:3614 +0°2637 (k+0°489)2 
61—0..7°1171—0°1768k4 1°64264°=7'1123-+4-1-6426(4—0:0°54)2 

On deducing the value of & from the observations, those of the 
first star give, therefore, k = — 0489; and those of the second 
k= 0'054. M. Bessel shows that the last of these values is more 
deserving of confidence than the first; nevertheless, the true value 
of the correction is still very doubtful, and it is accordingly left in- 
determinate. 
Assuming the relative parallax of (a) and (4) to be equal, and 

having due regard to the mean error of both results, the most pro- 
bable value of the annual parallax is found 

0”°3483 —0""0533 k 
and its mean error +40 ‘0141. 

This result is greater by 0”'0347 than was found from the first 
series of observations. 

Assumingk=0, it results from this determination, that the distance 
of the star 61 Cygni from the sun is 592,200 times the mean radius 

of the earth’s orbit—a distance which light would require 94 years 
to pass through. 

He divides the two sets of observations of the distance of 61 Cygni 
from the comparison stars (a) and (4), into separate groups, monthly 
and half-monthly, and takes the mean of the measures in each 
group as corresponding to the mean of the days in that group. 
These means are compared with Bessel’s mean distances, which he 
has derived from the solution of his equations, and the differences 
tabulated. The effect of Bessel’s assumed parallax is then com- 
puted for each mean day, and the resulting numbers placed in an 
adjacent column. The agreement between the computed effect of 
parallax and the above-mentioned differences is remarkably close, 
especially for the measures of distance of the star (a), in which the 
solution of the equations shows the error of the assumed proper 
motion to be very small indeed. 

The following are the tabulated monthly groups :— 
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~ Results from the Measures of Distances of 61 Cygni from Star (a). 

Mean day. Mean of each | Bessel’s mean Effect of a par- 
group. distance. Differences. |} allax of 0/369, 

1837. i i “ il 

August....23. | 461-406 461-609 +0:197 +0:212 
September 14. “709 a8 + -100 + :100 
October .. 12. 649 ae + -040 — -057 
November 22. +395 =F — °214 — °-258 
December 21. 287 — +322 — 317 

1838. 
January ..14. 233 — +376 — “Sls 
February 5. +386 — +223 — +264 
May...... 14, 854 + +245 + :238 
DRC oy 5055.4 19. 969 at + +360 + +332 
1 Tee 13. +825 is + -216 + .332 
August....19. -760 cad + +151 + +227 
September 19. 649 +0-040 +0-073 

Results from the Measures of Star (0). 

Mea aay. | Menmateneh | Danes =e"! Dumencs | BO OCR 
1837. u \ ul mM 

August....22. | 706-504 | 706.291 + 0-213 +0133 
September 15. 479 v2. + -188 + -196 
October .. 12. 419 vis + +128 + -227— 
November 22. +186 os — +105 + +187 
December 20. +283 — :008 + -100 

1838. 
January ..1]. 177 a 114 + :014 
February.. 9. -084 — °207 100 
Manrch....12. | 705-900 — °391 — -196 
May ....+. 13. | 706-206 — -985 — -209 
Jit aqaee 20. 414 + +123 — -102 
July? 3/221. 446 — 155 + -016 
August ..22. -588 and + :297 + +133 
September 5. 498 : + -207 + 175 

22. 712 ang +0:421 + 0-212 

June 12.—The following papers were read :— 
Continuation of the Investigation for the correction of the Ele- 

ments of the Orbit of Venus. By Mr. Glashier, of the Royal Ob- 
servatory, Greenwich. 

This paper is a continuation of Mr. Main’s investigations, com- 
municated to the Society in June 1837 and April 1838, and printed 
in vols. x. and xi. of the Memoirs. Mr. Main corrected the orbit 
from Mr. Airy’s observations of 1833-36. Mr. Glashier recom- 
puted the observations of 1836 (for errors of assumed semi-diame- 
ter), and computed the observations of 1837 and 1838, and gives 
corrections of the elements of the orbit for all the years: then, 
substituting the observations, he deduces the residual errors (as 
compared with Lindenau’s tables), which he finds not so small as 
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might have been expected from so fine a series of observations. 
The author, however, feels confident that the results are correctly 
derived, from the pains taken to ensure accuracy: and the whole 
is given in a detailed shape, in order that any suspected error may 
be more readily detected. 

An Account of some Experiments made with an Invariable Pen- 
dulum, at the Cape of Good Hope. By T. Maclear, Esq. 
When Mr. Maclear was appointed Astronomer at the Cape of 

Good Hope, he was desirous of repeating the experiments there 
with an invariable pendulum; but it was some time before he had 
sufficient leisure to prosecute this measure. The pendulum had 
been previously swung in London by Mr. Baily, and also after its 
return to this country. The method of proceeding in such cases is 
so similar, and has been so often described, that it is unnecessary 
to enter further on that part of the subject. The result of these 
experiments shows, that, on the assumption that the pendulum 
made 86400 vibrations in London, in a mean solar day, at the tem- 
perature of 62° in vacuo, and at the mean level of the sea, it made 
only 86332°92 vibrations, under the same circumstances, at the 
Cape of Good Hope; which is almost identical with the experi- 
ments of Mr. Fellows, and differing very little from the experiments 
of Captain Foster and Freycinet. A new pendulum, consisting of 
a thick brass bar, without any bob, and furnished with four knife 
edges, is about to be forwarded to Mr. Maclear, which he proposes 
to swing at the principal stations of the triangulation that is now 
carrying on in that colony. 
An Account of some Experiments made with three Invariable 

Pendulums, by Lieut. Murphy, R.E., during the late Expedition 
down the Euphrates. By Mr. Baily. 
When Colonel Chesney undertook the expedition down the Eu- 

phrates, three invariable pendulums were placed under his care, for 
the purpose of their being swung at positions more inland than had 
been hitherto practised. Two of these pendulums (iron and copper) 
belonged to this Society, and the other (brass) to the Admiralty ; 
and they are the same that were taken out by the late lamented 
Captain Foster. They had been previously swung in this country, 
before the expedition just mentioned, by Mr. Baily, and also subse- 
quent thereto. Only two places presented favourable opportunities 
for swinging these pendulums during the expedition: the first, at 
Port William, near Bir, on the Euphrates ; and the other, at Bussora. 
The experiments were made by Lieutenant Murphy, and were con- 
ducted with his usual caution and ability: the details are recorded 
in printed skeleton forms, with which he was furnished previous to 
his departure; but none of the computations were made till after 
Lieutenant Murphy’s decease. The reductions have since been 
made by Mr. Baily, on the same data as those already mentioned in 
the seventeenth volume of the Memoirs of this Society. On the as- 
sumption that each of these pendulums made 86400 vibrations in a 
mean solar day in London, at the temperature of 62° in vacuo, and 
at the mean level of the sea, it is found that they respectively made 
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the following number of vibrations at the two stations above-men- 
tioned, viz. 

Pendulums. Port William. Bussora. 

Brassisystt.cis/s hs 86340°66 86318°98 
Copper .....> 86341°30 86317°26 
AP OD asia iiay oe 86338°96 86317°66 

Mean = 86340°31 86318°26 

The Elements of the Annular Eclipse of the Sun that will happen 

on October 8, 1847. By Mr. George Innes. 
These elements have been deduced from Carlini’s ‘‘ Solar Tables” 

(1832), and Burckhardt’s ‘“ Lunar Tables” (1812). The time of 

apparent conjunction in right ascension at Greenwich will be Oct. 

8? 19 28™ 368593; at which time the sun’s apparent semidia- 
meter will be 16! 2!'529, and the moon’s augmented semidiameter, 

14! 43-968 ; 

Greenwich Sun’s right True right Declination | Equation | Semi- 

mean time. ascension. ascension. south. of time. diameter. 

Tati dt / OF os, er ° “ | edge fs , “ 

18 hopirpivct sic) ows «| 195 19 31°390 | 194 6 41°844 | 62 20-693 | 12 29°507 16 2°512 

195 21 59°783 | 194 8 59°511 | 63 17°975 
195 24 28-183 | 194 11 177180 | 64 15°247 
195 26 56616 | 194 13 34:914 | 65 12°525 
195 27 13036 | 194 13 40°125 | 65 18°861 
195 29 25°054 | 194 15 52614 | 66 9°797 

12 30:245 | 16 2°524 

12 30°930 | 16 2°536 
12 31°597 | 16 2°546 

12 31-670 | 16 2°549 

12 32°271 | 16 2-566 

nwi Moon’s tr Longitude | Equatorial | Horizontal igh inati 
ee oho Spaipsfililen, storth porallaaey pee iets cee are, ae. 

° a ak oO «w Or _ a. craa ou“ ° 4“ Soy «shu 

18 hours ...... 193 54 30'843)22 49°641/53 54°130)14 41°300/192 57 44°323|5 8 47°322 
19: sda: <207. 194 24 59°768/25 32°833 53 54°197|14 41°316 193 26 45°329|5 17 42°208 

20 doin 194 54 28°771/28 16°44653 54°214)14 41°320 193 64 27°307|5 26 35°565 

C5 a: fee 195 23 57°790,30 59°75153 54°325|14 41°351)194 22 50°127)5 35 27°710 
21" 6" 37°755,195 27 13°036]31 17°61053 54:326)14 41°351/194 25 55°127| 5 40 34°132 
22 hours .... 195 54 26:993'33 42861153 54°409|14 41°428)194 51 13°894|5 44 18-646 

°o VE 

Obliquity of the Ecliptic ...... 23 27 2°514 
Sun’s semi-diameter ..........+5 16 2°529 

horizontal parallax ... 8+5925 
meme LAtItUE ..r0cercecesccsece + 0°179 

On the Comparison of the Neapolitan Standard Yard with the 
Standard Yard of this Society. By Mr. Simms. 

The Neapolitan Government having directed Mr. Simms to con- 
struct a new standard scale, on a principle similar to that which 
was made for this Society, the object of the present communication 
was to place on record the results of the comparisons that were 



604 Intelligence and Miscellaneous Articles. 

made with the centre yards of each seale. It appears that 215 
comparisons were made on nine several days by three different per- 
sons; and the mean of the whole showed that the centre yard of 
the Neapolitan scale was longer than the standard yard of the So- 
ciety’s scale, by ‘002680 of an inch: the greatest differences from 
the mean being +°000520 and —:000365 of an inch. This new 
scale is marked No. 6; it being the sixth scale of this construction 
that has been made. 

On the Difference of Longitude between the Observatories of 
Madras and the Cape of Good Hope, deduced from Moon-culmina- 
ting stars. By T. Maclear, Esq. 

The observations extend from February 19, 1834, to October 10, 
1837, both inclusive, and contain all the corresponding observations 
within that period, except two which appear to be erroneous; and 
amount to seventy in number. Of these, only three were of the 
second limb. The result of the whole shows that the difference of 
longitude is 4" 7™ 15°56, with a probable error of + 0°53. 

LXXXII. Intelligence and Miscellaneous Articles. 

ON THE LIMIT TO THE ACTION OF CERTAIN CHEMICAL REAGENTS. 

M P. HARTING having examined the action of certain chemi- 
* calreagents, has given the following statement as the result. 

1. The sensibility of starch as a reagent for iodine. 

Iodide of potassium slightly acidulated with nitro-muriatic acid, 

tested by a diluted solution of starch, gave the following results. 

1. Containing 1-500dth iodine gave a black precipitate, the upper 

surface was brownish yellow. 
2. Containing 1-1000dth iodine gave nearly the same colour. 

3. Containing 1-2000dth iodine gave the precipitate the same 

colour, but the solution slightly coloured. 

4, Containing 1-3000dth iodine, precipitate bluish black, the so- 

lution nearly clear. 
5 and 6. Containing 1-4000dth to 1-5000dth iodine, precipitate 

bluish black, the solution quite clear. 
7 to 11. Containing 1-10,000dth to 1-40,000dth iodine, very dark 

blue. 
12 and 13. Containing 1-50,000dth to 1-60,000dth iodine, blue 

with a shade of violet. 
14 and 15. Containing 1-80,000dth to 1-100,000dth iodine, the 

upper stratum violet blue, the under stratum violet. 

16. Containing 1-120,000dth iodine, the upper stratum violet, 

the under stratum rose-colour. 
17. Containing 1-150,000dth iodine, the whole precipitate rose- 

colour, with a shade of violet. 

18 and 19. Containing 1-200,000dth to 1-250,000dth iodine, 

rose-colour, the upper surface only with a slight shade of violet. 

20 to 22. Containing 1-300,000dth to 1-400,000dth iodine, the 

whole precipitate of a rose-colour. 
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23 to 25. Containing 1-450,000dth to 1-550,000dth iodine, the 
upper stratum of the precipitate was slightly rose-colour, the under 
stratum was white. 

The action took place immediately on the addition of the starch 
as faras No. 19. The following numbers required some period to 
elapse first: it required some hours in the solution of 1-500,000dth 
to 1-550,000dth before any effect was produced. 

2. The sensibility of reagents on acids. 
For sulphuric acid, specific gravity 1-829, containing 75°83 per 

cent. real acid. 
Syrup of violets did not detect less than 1-250th sulphuric acid 

of the above specific gravity, or 1-310th real acid. 
Paper stained by Brazil wood was acted upon by 1-10,000dth, 

or 1-12,500dth real acid. 

Paper stained by tincture of red cabbage was reddened by 
1-15,000dth, or 1-18,750dth real acid. 

Paper stained by logwood was changed to a golden yellow colour 
by 1-50,000dth, or 1-62,500th real acid. 

Paper stained by litmus was immediately reddened by 1-20,000dth, 
or 1-25,000dth real acid, and after some hours was slightly reddened 
by 1-50,000dth, or 1-62,500dth real acid. 

Carbonate of potash occasioned a slight effervescence with 1- 
250th, or 1-310th real acid. 

For phosphoric acid. — Brazil wood paper and paper stained 
with red cabbage detected 1-10,000dth of anhydrous phosphoric 
acid. 

Litmus paper was immediately reddened by 1-10,000dth, and 
after some hours by 1-30,000dth phosphoric acid. 

Peculiar reagents for various acids. 
For free sulphuric acid.—A concentrated solution of chloride of 

calcium occasioned a precipitate, after some hours, in a solution 
containing 1-310th of real sulphuric acid. 

A solution of acetate of lead gave a precipitate with 1-50,000dth 
real acid. 

A solution of chloride of barium gave a precipitate with 
1-75,000dth. 

For combined sulphuric acid.—Acetate of lead produced a pre- 
cipitate in a solution of sulphate of soda containing 1-36,000dth 
acid. 

Chloride of barium in a solution of the same salt containing 
1-45,000dth acid. 

For nitric acid.—By means of hydrochloric and gold leaf 1-240th 
of nitric acid, spec. grav. 1°32 was detected: the gold leaf was dis- 
solved in 24 hours. 

For phosphoric acid.—Acetate of lead produced an immediate 
precipitate with 1-10,000dth anhydrous acid, and with 1-20,000dth, 
after remaining for half an hour. 

Lime water produced exactly the same effect. 
Chloride of barium did not occasion a precipitate in less than 

1-10,000dth, 
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For arsenious acid.—Lime water in excess produced a precipitate 
in a solution containing 1-4000dth of this acid. 

Ammoniacal solution of oxide of copper detected 1-8000dth. 
Sulphate of copper and ammonia detected 1-12,000dth. 
The two last reagents occasioned precipitates in still more diluted 

solutions, but the precipitates did not possess their characteristic 
green colour. 

Hydrosulphuric acid produced a precipitate in 1-30,000dth. 
Ammonia nitrate of silver formed a yellow precipitate with 

1-30,000dth ; with a more diluted solution the colour of this preci- 
pitate was not sufficiently apparent. 

3. The sensibility of reagents for metals and their ovides. 
For free alkalies in general.—Turmeric paper detected the pre- 

sence of 1-3000dth caustic alkali. 
Paper stained with red cabbage detected the presence of 

1-7500dth caustic alkali. 
Brazil wood paper was coloured slightly violet with 1-20,000dth. 
Litmus paper reddened by acetic acid was distinctly rendered blue 

by 1-80,000dth. : 
Hydrate of potash contains 16 per cent. of water, therefore the 

quantity of real potash detected by the above reagents was 
1-3600dth, 1-9000dth, 1-24,000dth, and 1-95,000dth. 

For potash.—An alcoholic solution of chloride of platinum occa- 
sioned a precipitate in a solution of nitrate of potash containing 
1-205th of this base; a solution containing 1-200dth was not pre- 
cipitated by it. 

A very concentrated solution of tartaric acid produced a precipi- 
tate with 1-220th, but none with 1-230th. The sensibility of these 
reagents was tried at a temperature of 59° F. 

For lime.—Oxalate of ammonia produced a cloudiness after a few 
minutes ina solution of chloride of lime containing 1-400,000dth 
of lime. 

For baryta.—Fluo-silicic acid produced a slight precipitate in a 
solution of chloride of barium containing 1-3800dth of baryta. 
A solution of sulphate of soda produced in half an hour a cloudi- 

ness in a solution containing 1-71,000dth. 
For magnesia.—A solution of phosphate of soda indicated in 24 

hours the presence of 1-200,000dth of magnesia in a solution of sul- 
phate of magnesia. This reagent must be very concentrated, and 
a quantity equal to the solution examined, must be added. These 
conditions are absolutely necessary, as otherwise this reagent will 
not indicate the presence of even 1-1000dth magnesia in solution. 
This is probably the reason that M. Roth fixes the delicacy of this 
reagent at 1-4000dth of magnesia. 

A solution of ammonia produced after some minutes a slight pre- 
cipitate in a solution containing 1-6000dth of magnesia, 

For protovide of iron.—Tincture of galls and a solution of ferro- 
prussiate of potash, acidulated with afew drops of hydrochloric acid, 
indicated after some minutes the presence of protoxide of iron in a 
solution containing 1-440,000dth of crystallized sulphate of iron, 

ee 
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For perowide of iron.—Tincture of galls indicated the presence of 
1-300,000dth of peroxide of iron in a solution of sulphate of per- 
oxide of iron by rendering it of a slight violet colour. 

A solution of ferroprussiate of potash indicated the presence of 
1-420,000dth of the same salt. 

For copper.—A solution of ammonia gave after several hours a 
slight blue colour to a solution of sulphate of copper containing 
1-9400dth of oxide of copper. 
A solution of prussiate of potash rendered the presence of 

1-78,000dth of the same salt visible. 
Polished iron showed the presence of 1-125,000dth of oxide of 

copper, or 1-156,000dth of metallic copper, if the solution was 
acidulated by a drop of nitric acid, 

For lead.—A piece of zinc precipitated lead from a solution of the 
nitrate when 1-3000dth of oxide was present. 

An excess of sulphuric acid occasioned a precipitate in a solution 
of the same salt containing 1-20,000dth oxide, 

A solution of chromate of potash occasioned a cloudiness in a so- 
lution containing 1-70,000dth of the same oxide. 

A solution of hydrosulphuric acid blackened a solution containing 
1-350,000dth. 

' For silver.—Chromate of lead produced a slight red precipitate in 
a solution of nitrate of silver containing 1-10,000dth of oxide. 
No reaction took place in a solution containing above 1-20,000dth. 

Arsenite of potash produced a decided yellow precipitate with 
1-6000dth oxide in solution, but none with 1-20,000dth. 

Iodide of potassium indicated the presence of 1-4000dth oxide, 
but produced no action with 1-30,000dth. 

A solution of hydrosulphuric acid precipitated a solution contain- 
ing 1-35,000dth of oxide. 

Chloride of sodium produces a cloudiness in a solution which con- 
tained only 1-240,000dth.—Eztracted by E. F. Teschemacher from 
the Journal fiir Praktische Chemie, No. 1, 1841. 

ANILIN. 

The following are the additional particulars relative to anilin, re- 
ferred to in p. 281. 

Anilin is a base which with acids readily yields fine crystallized 
salts. When exposed to atmospheric air, it soon becomes yellow and 
eventually brown, and the same resinous body is formed which is 
separated from it by distillation. It must therefore be preserved 
out of the contact of air, and to prevent its action should be quickly 
distilled. Anilin may contain a little water, from which it is freed 
by distillation, taking care, when a third of it has been distilled, to 
change the receiver; by this method only it is obtained perfectly 
anhydrous. Boiling anilin dissolves sulphur and iodine in large 
quantity, and deposits them on cooling, in crystals. Nitric acid, 
under certain circumstances, converts anilin into a blue or green 
body, which does not appear to be indigo ; this substance has, how- 
ever, been hitherto obtained only uncertainly and in small quantity, 
as it undergoes fresh decomposition by the nitric acid, Chromic 
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acid produces in solutions of anilin a precipitate which is sometimes 
of a deep green colour, and at others of a blackish blue: this acid 
appears to be a good reagent for anilin, since it is readily produced 
even in weak solutions; when the precipitate is obtained from con- 
centrated solutions it leaves a considerable quantity of oxide of 
chromium when calcined. Oxymanganate of potash and the salts of 
anilin suffer mutual decomposition, brown oxide of manganese being 
deposited. Anilin yielded by analysis, 

Favyerosen. hese ete 7°54 
Carbon Fe eee eae ero or 
AZ OtE Ss Ay ARP. 14°83 

Hydrochlorate of anilin is obtained by direct combination and 
crystallization ; it is very soluble in water. It consists of 

Hydrochloric acid...... 27°81 
Anilin ¢ on aes. 72°19 100-00. 

Oxalate of anilin is obtained by mixing a spirituous solution of 
anilin with oxalic acid. This salt is a white powder, which is to 
be washed with alcohol and then dissolved in hot water ; on cooling 
fine crystals of the salt are obtained of several lines in length. This 
salt appeared to consist of 

Oxaliciacidhte 2.42.8 25°92 

Amin ere ee 67°64 

Water Bie aeRe eee 6°44 100:00. 
L’ Institut, No. 356. 

Notice by Prof. Dove respecting the Error in his Letter on the 
Law of Storms, pointed out by Sir Davin BrewsTER at p. 514. 
By some inadvertence I have confounded the notice of Reid’s 

work in the Edinburgh Review, 1839, p. 406, with that in the 
Foreign Quarterly Review, 1839, p.1. The paragraph men- 
tioned by me occurs in the latter work, at p.2. ‘Those who have 
read my memoir “On Barometric Minima,” which appeared in 
Poggendorff’s Annalen, vol. xiii. p. 596, will be best able to 
judge of the share which I have had in the explanation of the 
phzenomena of storms. As this memoir appears to be known 

only in Germany, I may observe that the still important em- 
pirical data contained in it, have been combined in my recent 
article on the law of storms (Poggendorff’s Annalen, 1840, Jan., 
p-1), with those for which we are indebted to Messrs. Reid and 
Redfield. Which of the theoretical derivations, whether that 
given by Mr. Redfield, at p. 33 on the storms of the American 
coast, or that published by me (analogous to the circular pola- 
rization of light), agrees best with the totality of the phzno- 
mena,—or whether the connexion suspected by Messrs. Reid 
and Piddington, with the magnetism of the earth, be more pro- 
bable,—I leave to the opinion of those who may be inclined to 
test these views collectively. We Daees 

June 13th. 
INDEX 
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Aciws :—sericic, 102; stearic, 114, 191, 
293; oleic, 114,293; margaric, 115, 293; 
suberic, 116, 422; elaidic, 117, 293; 
sebacic, 117; palmitic, 187; chloro- 
valerosic, 205; chlorovalerisic, 7b. ; chlo- 
rindopten, 208 ; bromindoptenic, 209 ; 
uric, 210; anhydrous camphoric, 238, 
441; thiomelanic, 278 ; proteinchlorous, 
279; xanthoprotemic, 7b. ; benzoenitric 
and cinnamonitric, 367 ; ferric, 369 ; ni- 
tric, 417,605 ; enanthylic, 418 ; cenan- 
thic, 421; lipinic, 422; anhydrous 
sulphuric, 441; sensibility ofa reagent 
on sulphuric, 605; phosphoric, id. ; 
free sulphuric, ib. ; combined sulphuric, 
ib.; arsenious, 606. 

Ethers :—hydrotelluric, 78 ; formic, 209; 
aconitic, 286; itaconic, 287; veratric, 
441; action of chlorine on oxalic, 544; 

chloroxalic, ib. 
/Ethyl, preparation of the telluret of, 210. 
Agassiz (Prof.) on the polished surfaces 

of the rocks forming the beds of gla- 
ciers in the Alps, 565; on glaciers, and 
evidence of their having existed in 
Scotland, Ireland and England, 569. 

Air, condensed, electrical phanomena 
attending the efflux of, 133, 328. 

Airy (G. B.) on the diffraction of an an- 
nular aperture, 1; on an apparent new 
polarity in light, 139; on the resistance 
of the atmosphere to an oscillating 
sphere, 321; on the regulator of the 

~ clock-work for effecting uniform move- 
ment of equatoreals, 590. 

Alcohol, voltaic decomposition of, 47, 241, 
353; action of potassa on, 203. 

Alkarsin, researches on the bodies de- 

rived from, 370. 
Allenheads, meteorological journal kept 

at, for 1840, 556. 
Alpharesin, 440. 
Alps, glaciers in the, polished surfaces of 

the rocks forming the beds of, 565. 
Amilen, 439; acetate of, ib. 
Anhydrite, analysis of, 120. 
Anilin, 280, 607 ; hydrochlorate of, 608 ; 

oxalate of, ib. 
Animal substances, action of chlorine on, 

278. 
Antarctic expedition, notice respecting 

the, 58. 

Phil. Mag. 8.3. Vol. 18. No.120, Suppl. July 1841. 

Antimony and arsenic, testing for, 442, 
Ants, artificial oil of, 122. 
Arabic globe, 593. 
Armstrong (W. G.) on the electricity of 

effluent steam, 50, 328; on the elec- 
tricity of expanding air, 133. 

Arsenic and antimony, testing for, 442. 
Astronomical Society :—annual meeting, 

141; address of the president, 150, 
proceedings of the, 590. 

Atmosphere, resistance of the, to an oscil- 
lating sphere, 321. 

Atomic volume and crystalline condition 
of bodies, 255. 

Attractions, calculation of, 550. 
Austen (R. A. C.) on the bone caverns of 

Devonshire, 228. 
Baily (Mr.) on some experiments made 

with three invariable pendulums, 602. 
Barometer, cycle of eighteen years in the 

mean annual height of the, in the cli- 
mate of London, 552; remarkable de- 
pression of the, in November 1840, 553; 
irregularity in the height of the, 555. 

Barry (M.) on the physiology of cells, 
308; on the chorda dorsalis, 309; on 
the corpuscles of the blood, 310. 

Baryta, cenanthylate of, 420; sensibility 
of a reagent for, 606. 

Barytes, on the preparation of the chlo- 
rate of, 210. 

Battery, acid, construction of a constant, 
520. 

Benzoin, resins of, 439. 
Berzeliit, description and analysis of, 157, 
Berzelius, Baron von, on Gros’s platina 

salts, 284; on double carbonate of lead 
and soda, 285; on the views of Liebig 
and Dumas relative to the constitution 
of organic acids, 290. 

Betaresin, 440. 
Binary systems of algebraic equations, 

425. 
Blake (James) on the action of inorganic 

compounds when introduced into the 
blood, 547, 

Blood, action of inorganic compounds 
when introduced into the, 547; onthe 
corpuscles of the, 310. 

Blumenbach (J. I’.), notice of the late, 70. 
Books:—A system of Crystallography, 

302; Elements of Chemistry, 304; 

2R 
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Scientific Memoirs, 319; collection of 
Letters illustrative of the progress of 
Science, 412. 

Bowerbank (J. S.) on the siliceous bodies 
of the chalk, greensand and oolite, 220. 

Bowman (J. E.) on the characters of fos- 
sil trees, and on the formation of coal, 
212; on supposed moraines of ancient 
glaciers in Scotland, 337. 

Bowman (W.).on the contraetion of volun- 
tary muscles in the living body, 560. 

Brewster, (Sir D.) correction of an error 
in Pref. Dove’s letter on the law of 
storms, 314; on a remarkable property 
of the diamond, 552; on the phe- 
nomena of thin plates of solid and fluid 
substances exposed to polarized light, 
561. 

Buckland (Prof.) on the evidences of gla- 
ciers in Scotland and the north of En- 
gland, 574, 587. 

Buddle (J.) on the great fault in the 
forest of Dean coal-field, 229. 

Bunsen (Dr.) on the bodies derived from 
alkarsin, 370. 

Butler (Dr. S.), notice of the late, 64. 
Cacodyl, protochloride of, 436; proto- 

iodide of, ib. 
Cahours and Gerhardt on ethereal oils, 

282, 415. 
Calcareous-shelled Polythalamia, list of, 

453. 
Calvert (Dr. R.) on a bed of lignite near 

Messina, 566. 
Cambridge Philosophical Society, 318, 

520. 
Camphoric acid, anhydrous, action of an- 

hydrous phosphoric acid on, 238. 
Cantraine (Prof.) on electric currents in 

warm-blooded animals, 271. 
Capaun (C. F.) on the preparation of hy- 

posulphite of soda, 211. 
Carlisle (Sir A.), notice of the late, 65. 
Cells, on the physiology of, 308. 
Chalk, on the organic composition of, 220, 

383. 
Challis (Rev. J.) on the motion of a small 

sphere in a resisting medium, 130, 321 ; 
on the principles of the application of 
analysis to the motion of fluids, 477; 
on the motion of a small sphere sub- 
mitted to the dynamical action of the 
vibrations of an elastic medium, 521. 

Chelidonin, on the composition of, 32. 
Chemical Society of London, 410, 515. 
Chemical reagents, limit to the action of 

certain, 604. 
Chemistry :—new compound of chlorine 

and cyanogen, 29; composition of 
chelidonin and jervin, 32; combina-~ 

tion of hydrated sulphuric acid with 

nitric oxide, 81; new method of ana- 
lysing ores of iron, 90; new acid from 
the butter of nutmegs, 102; constitu- 
tion of fatty substances, 113; artificial 
oil of ants, 122; analysis of chyle and 
lymph, 156; oils of elemi and oliba- 
num, 184; palm oil and cacao butter, 
186; chemical types, 203; action of 
potassa on alcohols, 204, 296; oil from 
Ruta graveolens, ib.; action of chlo- 
rine and bromine on indigo, 297 ; formic 
ether, 209; telluret of zthyl, 210; 
uric acid in snails, ib.; brucin, 7b. ; 
new method of analysing metallic sul- 
phurets, 211; preparation of chlorate 
of barytes, 210; of hyposulphite of 
soda, 211; dioxide of copper, 212; fos- 
sil wax of Gallicia, 235; minium, 237 ; 
action of anhydrous phosphoric acid on 
anhydrous camphoric acid, 238; vol- 
taic decomposition of aqueous and alco- 
holic solutions, 241; atomic volume 
and crystalline condition of bodies, 255 ; 
black substance from sulphuric acid and 
alcohol, 276; action of chlorine on 

animal substances, 278 ; action of pot- 
ash and soda on indigo, 280; palmitic 
acid, 281; zxthereal oils, b.; guaranin, 
283; action of chlorine on marsh gas, 
284; Gros’s salts of platina, 284, 293; 
Prussian blue, 284; double carbonate 
of lead and soda, 2853 acid products 
of citric acid at high temperatures, ib. ; 
milk of the cow-tree, 291; croconate 
of copper, 292; state of the haloid salts 
in solution, 357; benzoenitric and cin- 

namonitric acids, 367 ; ferric acid, 369 ; 
researches on the cacody] series, 370 ; 
isomorphism of oxamethane and chlo- 
roxamethane, 372; cumyle, 415; ac- 
tion of nitric acid on castor oil, 417 ; 
cnanthylic zther and cenanthylic acid, 
418; cnanthylate of silver, 419 ; of ba- 
ryta, 420; of potash, 421; of strontian, 
ib.; cenanthiec acid, 7b.; suberic acid, 
116, 422; lipinic acid, 7b.; on bleach- 
ing salts, 2b.; on the bleaching salts of 

chlorine, ib. ; protochloride of cacodyl, 
436; protoxide of, ib.; oil of sabine, 
438; of esdragon, ib. ; of potatoe spirit, 
439; acetate of amilen, id.; on the 
resins of benzoin, ib.; betaresin, alpha- 
resin, gammaresin, 440; action of an- 
hydrous sulphuric acid on anhydrous 
camphoric acid, 441; manufacture of 
platinum, 442; on testing for arsenic 
and antimony by Hume’s process, 442 ; 
preparation and formation of yellow 
prussiate of potash, 515; formation of 
mellon, 518; appearance of flashes of 
light during the crystallization of ni- 
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trate of strontian in the dark, 518; ac- 
tion of nitric acid on castor oil, ib.; 
bleaching salts, 7%b.; preparation of 
chlorate of petash, ib.; action of chlo- 
rine on oxalic ether, 544; chloroxalic 
zther, ib.; state of urine in wrea, 545; 
limit to the action of certain chemical 
reagents, 604. 

Chinese, the scholar’s lute among the, 
557. 

Chlorindatmit and chlorindopten, prepa- 
ration of, 207. 

Chlorine, en a new compound of, with 
cyanogen, 29; action of, on animal sub- 
stances, 278; action of, on marsh gas, 
284; bleaching salts of, 422; action of, 
on oxalic ether, 544. 

Chlorisatinic acid, 208. 
Chlorospinelle, analysis ef, 122. 
Chlorovalerosic and chlorovalerisic acids, 

205. 
Chloroxalic zther, 544; compounds de- 

rived from, 545. 
Chloroxamethane, isomorphism of oxame- 

thane with, 372. 
Circuits of zinc and iron, on the intensity 

of currents of, 42. 
Citric acid, on the products of, at high 

temperatures, 285; crystallization of 

water of, 289. 
Clock, description of the electro-magnetic, 

139. 
Coals, on the formation of, 211; self- 

combustion of, ib. 
Connell (A.) on the voltaic decomposition 

of alcohol, 47, 241, 353. 
Copper, dioxide of, 212; native phosphate 

of, 236; croconate of 292; sensibility 
ofa reagent for, 606. 

Corals, researches on, 375. 
Cow-tree, on the milk of the, 291. 
Crasso (G. L.) on the acid products of 

citric acid at high temperatures, 285. 
Creuze (Mr.) on the structure of the 

Royal George, and on the condition of 
the timber, iron, &c., 231. 

Croconate of copper, 292. 
Croft and Francis’s notices of the investi- 

gations of continental chemists, 202, 
276, 367, 436, 544; remarks on, 296; 

errata in, 546. 
Crystals, biaxal, conical refraction in, 

343. 
Cumyle and oil of cumin, researches on, 

415. 
Daguerreotype pictures, on the cause of 

the production of, 301. 
Davy (Dr. J.), miscellaneous observations 

on the torpedo, 552. 
De la Rive’s theory of electricity, obser- 

vations on, 193; Prof. Marianini’s ex- 

611 

amination of an experiment adduced by 
Prof. Faraday in support of, 529. 

Detmer (M.) on bleaching salts, 422. 
Diamond mines of Golconda, present 

state of the, 308. 
Diamond, remarkable property of the, 552. 
Diffraction ef an annular aperture, on the, 

1. 
Dove’s (Prof.) letter on the law of storms, 

correction of an error in, by Sir D. 
Brewster, 514; notice respecting the 
error, 608. 

Drach (S. M.) on some new and curious 
numerical relations of the solar system; 
37. 

Duflos (M.) on the preparation of tlie 
chlorate of barytes, 210. 

Dumas and Stas en chemical types, 208. 
Earth, figure of the, 550. 
Ekrenberg (Prof.) on the coralline tribes, 

375; on the organic composition of 
chalk and chalk marl, 383. 

Electrical phenomena attending the efflux 
of steam, 50, 93, 95, 100, 265, 3285 of 
condensed air, 133, 328. 

Electrical Society of London, 520. 
Electric currents in warm-blooded ani- 

mals, 271. 
Electricity, on steam considered as a con- 

ductor of, 14; observations on De la 
Rive’s theory of, 193; production of 
heat by voltaic, 308. 

Electricity and magnetism, Prof. Henry’s 
contributions to, 482. 

Electro-dynamic induction, 482; on ap- 
parently two kinds of, 492. 

Electro-magnetic clock, description of the, 
139. 

Electro-nitrogurets, on some, 548. 
Electrotype manipulation, 520. 
Elemi and olibanum, analysis of the oils 

of, 184. 
Epps (J.), notice of the late, 146. 
Equations, algebraic, linear method of 

eliminating between double, treble, and 
other systems of, 425; binary systems 
of, 425; ternary systems of, 427; new 
method of solving numerical, 559, 

Equatoreals, regulator of the clock-work 
for effecting uniform movement of, 590. 

Erdmann (Prof.) on the action of chlorine 
and bromine on indigo, 247; on the 
black substance from sulphuric acid and 
alcohol, 276; on anilin, 280. 

Esdragon, oil of, 438. 
Faraday (Prof.), second letter to, frem 

Dr. Hare, 465; Prof. Marianini on an 
experiment adduced by, in support of 
Prof. De la Rive’s theory of electricity, 
529. 

Farquharson (J.) on ground-gru, or ice 

2K2 
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formed, under peculiar circumstances, 
at the bottom of running water, 555; 
on the localities affected by hoar frost, 
the peculiar currents of air excited by 
it, and the temperature during its oc- 
currence at high and low stations, 554. 

Fatty substances, researches on the, 113. 
Favio (Dr.) on electric currents in warm- 

blooded animals, 271. 
Fibroferrite, analysis of, 397, 
Fluids, principles of the application of 

analysis to the motion of, 477. 
Foraminifers of the white chalk of the 

Paris basin, 456. 
Forfarshire, existence of glaciers in, 579. 
Formic ether, preparation of, 209. 
Fossil remains from the chalk, 316. 
Fremy (M.) on palmitic acid, 281; on 

ferric acid, 369. 
Francis and Croft’s notices of the investi- 

gations of continental chemists, 202, 

276, 367, 436, 544; errata in, 546. 
Fuchs (Prof.) on a new method of ana- 

lysing the ores of iron, 90. 
Fuss (Dr.) on brucin, 210, 
Gammaresin, 440. 
Geological Society, 212, 311, 398, 522, 

561. 
Geology :—on the characters of fossil trees 

found near Manchester, and on the 
formation of coal, 212; on the beds of 
clay below the coal seams of South 
Wales, 217; on the rocks which form 
the left shore of the bay of Loch Ryan, 
219; on the siliceous bodies of the chalk, 
220; on the age of the limestone of 
South Devon, 223; on the bone caves 

of Devonshire, 228; on the great fault 
in the forest’ of Dean coal-field, 229 ; 
on the subsidence of the coast near 
Puzzuoli, 232; on part of Borneo Pro- 
per, 2b.; on some geological specimens 
from Syria, 233; geological features of 
Ionia, Caria and Rhodes, 311; remains 
of a bird, tortoise, and Lacertian sau- 
rian from the chalk, 316; on the organic 
composition of the chalk and chalk 
marls, 383, 443; classification and 
distribution of the older rocks of 
North Germany, 398; living poly- 
thalamia on the African and Asiatic 
coasts of the Mediterranean, 443 ; 
on M. Alcide d’Orbigny’s view of the 
white chalk of the Paris basin, 456 ; 
list of foraminifers found in the Paris 
basin, 461; on a mass of trap in the 
mountain limestone in the Bleadon 
hill, 522; on the coloured sections of 
the cuttings on the Birmingham and 
Gloucester railway, 523; on a coral 

reef in the island of the Mauritius, 526; 

INDEX. 

on a portion of the lower jaw of an 
iguanodon and other saurian remains 
found in Tilgate forest, 551; geologi- 
cal remarks on Kerguelen’s Land, 558 ; 
on the mineral veins of the Sierra Al- 
magrera, 561; on the Sierra de Gador 
and its lead mines, 563; on the polished 
surfaces of the rocks forming the gla- 
ciers in the Alps, 565; on a bed of lig- 
nite near Messina, 566; on the chalk 
and the subjacent formations to the Pur- 
beck stone inclusive in the north of 
Germany, ib. ; on a large saurian dis- 
covered near Hythe, 568; evidence of 
glaciers having existed in Scotland, Ire- 
land, and England, 569; in Scotland 
and the north of England, 574, 587 ; 
in Forfarshire, 579 ; dispersion of Shap 
Fell granite by ice, 589. 

Gerhardt and Cahours on ethereal oils,- 
282, 415. 

Gilbert (D.), notice of the late, 62, 142. 
Glaciers :—on supposed moraines of, in 

Scotland, 337; polished surfaces of the 
rocks forming the beds of, in the Alps, 
565; evidence of their having existed 

in Scotland, Ireland, and England, 569 ; 
former existence of, in Forfarshire, 572, 
579; in Scotland and the north of En- 
gland, 574; evidences of, on Schie- 
hallion, 576; in and near Strath Earn, 

ib.; near Comrie, 577; near Loch 
Earn, ib.; proofs of glacial action at 
Stirling and Edinburgh, 578; in the 
mountains of Cumberland and West- 
moreland, 588. 

Glashier (Mr.) on the correction of the 
elements of the orbit of Venus, 601. 

Gmelin (L.) on Prussian blue, 284; on 
the croconate of copper, 292. 

Graham (Prof.) on the preparation of 
chlorate of potash, 518. 

Griffin’s (J. J.) System of Crystallography, 
reviewed, 302. 

Ground-gru, or ice formed at the bottom 
of running water, 555. 

Grove (W. R.) on a powerful voltaic com- 
bination, 234; on some electro-nitrogu- 
rets, 548. 

Halliwell (J. O.) on the Boetian system 
of numerical contractions, and the Ala- 
baldine notation, 13. 

Hamilton (W. J.) on the geology of Ionia, 
Caria, and Rhodes, 311. 

Hare’s (Dr. R.) second letter to Prof. 
Faraday, 461. 

Hargreave (C. J.) on the calculation of 
attractions, and the figure of the earth, 
550. 

Harris (W. S.) on lightning conductors 
for-ships, 172. 
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Harting (M. P.) on the limit to the ac- 
tion of certain chemical reagents, 604. 

Heat, on the change of crystalline form 
by, 255; on the production of, by vol- 
taic electricity, 308. 

Henry (Prof. J.), contributions to electri- 
city and magnetism, No. IV. on electro- 
dynamic induction, 482; theoretical 
considerations relating to the pheno- 
mena described in this and the prece- 
ding communications, 498. 

Herschel (Sir J. F. W.), anniversary ad- 
dressatthe Astronomical Society, 150. 

Hils conglomerate, 567 ; clay, ib. 
Howard (Luke) on a cycle of eighteen 

years in the mean annual height of the 
barometer in the climate of London, 

552; on a remarkable depression of the 
baremeter in November 1840, 553; on 
the prevailing winds, mean tempera- 
ture, and depth of rain in the climate 
of London, 559. 

Hullmandel (C.) on the subsidence of the 
coast near Puzzuoli, 232. 

Hume’s process, on testing for arsenic and 
antimony by, 442. 

Hunt (R.) ona remarkable solar bow, 158. 
Hydrotelluric ether, formation and ana- 

lysis of, 78. 
Hylzosaurus, 551. 
Hyposulphite of soda, new method of pre- 

paring the, 211. 
Ice, dispersion of Shap Fell granite by,589. 
Iguanodon, portion of the lower jaw of an, 

551. ; 
Indigo, action of chlorine and bromine 

on, 207; action of potash and soda 
on, 280. 

Indopten, chloride of, 207. 
Induction, electro-dynamic, 482; pro- 

duced at the moment of the beginning 
of a galvanic current, &c., 483; on ap- 
parently two kinds of, 492. 

Infusoria, siliceous-shelled, list of, 453. 
Innes (George), elements of the annular 

eclipse of the sun that will happen on 
October 8, 1847, 603. 

Inorganic compounds, action of, when in- 
troduced into the blood, 547. 

Iodine, sensibility of starch as a reagent 
for, 604. 

Iron, notice of an undescribed subsulphate 

of, 397; sensibility of a reagent for 
protoxide of, 606; for peroxide of, ib, 

Iron ores, new method of analysing, 90. 
Jervin, on the composition of, 35. 
Joule (J. P.) on the production of heat by 

voltaic electricity, 308. 
Kane (R.) on the true constitution of 

Gros’s platina salts, 293; Elements of 

Chemistry, reviewed, 304. 
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Kemp (W.) on supposed moraines of an- 
cient glaciers in Scotland, 337. 

Kerguelen’s Land, on the birds of, 558; 
geological remarks on, ib, 

Kersten (M.) on a new method of analy- 
sing metallic sulphurets, 211. 

Kopp (H.) on the atomic volume and 
crystalline condition of bodies, and on 
the change of crystalline form by means 
of heat, 255. 

Kiihn (M.), analysis of berzeliit, 157 ; 
of a native phosphate of copper, 236. 

Lambert (J.) on the mineral veins of the 
Sierra Almagrera, 561; on the Sierra 
de Gador and its lead mines, 563. 

Latham (R. G.) on the science of phone- 
tics, 124, 

Laurent (M.) on the oil of esdragon, 438. 
Lay(G. T.) on part of Borneo Proper, 232. 
Lay (—), the scholar’s lute among the 

Chinese, 557. 
Lead, sensibility of a reagent for, 607. 
Lepidomelane, analysis of, 77. 
Levol (M.) on minium, 237. 
Liebig (Prof.) on the preparation and for- 

mation of yellow prussiate of potash,515. 
Light, apparent new polarity in, 139. 
Lightning, experiments relating to the 

defence of shipping from, 172. 
Lignite near Messina, on a bed of, 566. 
Lime, sensibility of a reagent for, 606. 
Lipinic acid, 422. 
Lloyd’s (Capt.) letter to Mr. Murchison 

on a coral reef in the island of Mauri- 
tius, 526. 

Logan (W.E.) on the beds of clay lying 
beneath the coal seamsofS. Wales, 217. 

London Electrical Society, 409, 520. 
London Institution, 234. 
Lonsdale (W.) on the age of the lime- 

stone of S, Devon, 223. 
Lubbock (Sir J. W.) on a theorem of Fer- 

mat, 552; on an irregularity in the 
height of the barometer, 555. 

Lyell (Chas,) on the geological evidence 
of the former existence of glaciers in 
Forfarshire, 579. 

M. (W. A.), remarks on Messrs. Francis 
and Croft’s abstracts, 206; note on, 300. 

Mackeson (H. B.) on a large saurian dis- 
covered near Hythe, 568. 

Maclear (T.) on the difference of longitude 
between the observations of Madras and 
the Cape of Good Hope, deduced from 
moon-culminating stars, 604; observa- 
tions made at the Cape of Good Hope, 
in the year 1838, with Bradley’s zenith 
sector, for the verification of the Abbé 
de Lacaille’s arc of the meridian, 593 ; 
on some experiments made with an in- 
variable pendulum , 602, 
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Madras, longitude of, computed from 
moon-culminating observations, 596. 

Magnesia, sensibility of a reagent for, 606. 
Magnetic and meteorological observa- 

tions :—at Constantinople, 553; at 
Prague, 558, 554; at Kerguelen’s 

Land, 553; on H.M.S. Erebus, ib. ; 
H.M.S. Terror, ib.; at Milan, 555, 558; 
at St. Helena, 555; at Toronto, ib.; at 
Hobart Town, 557; at Van Diemen’s 
Land, 557, 558. 

Magnetism and electricity, Prof. Henry’s 
contributions to, 482. 

Magnetism, terrestrial, contributions to, 
549. 

Main (Rev. R.) on the present state of 
our knowledge of the parallax of the 
fixed stars, 597. 

Manipulation, electrotype, 520. 
Mantell (G.A.) on a portion of the lower 
jaw of an iguanodon, and other saurian 
remains in Tilgate forest, 551. 

Marchand (Dr.) on the dioxide of copper, 
212; on aconitic and itaconic ethers, 
286; on the milk of the cow-tree, 291. 

Marianini (Prof.) on an experiment ad- 
duced by Prof. Faraday in support of 
Prof. De la Rive’s theory of electricity, 
193, 529. 

Marsh (J.) on testing for arsenic and an- 
timony by Hume’s process, 442. 

Mauritius, coral reef in the island of, 526. 
McCormick (R.) geological remarks on 

Kerguelen’s Land, 558 ; on the birds of 
Kerguelen’s Land, ih. 

Megalosaurus, 552. 
Mellon, formation of, 518. 
Messina, bed of lignite near, 566. 
Meteorological observations and table, 79, 

159, 240, 320, 416, 527. 
Miller (Prof.) on supernumerary rain- 

bows, 520. 
Millon (M.) on the bleaching salts of 

chlorine, 422. 
Mineralogy:—lepidomelane, 77; antigo- 

rite, 120; pennine, 121; chlorospinelle, 
ib.; xanthophyllite, 122; pikrophylle, 
ib.; Berzeliit, 157; phosphate of cop- 
per, 236; fibroferrite, 397 ; phosphate 
of yttria, 519. 

Minium, constitution of, 237. 
Mitscherlich (Prof.) on cinnamonitric 

and benzoenitric acids, 367. 
Molecules, on the symmetrical arrange- 

ment of, 161. 
Moore (J.C.) on the rocks which form the 

west shore of the bay of Loch Ryan, 
219. 

Moraines of ancient glaciers in Scotland, 
337; near Dumfries, 575; in Forfar- 

shire, ib.; in Aberdeenshire, ib.; at 
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Taymouth, 575; in Glen Cofield, id. ; 
near Callender, 577; in Northumber- 
land, 587. 

Morgan (Prof. A. de) on a method of com- 
puting life contingencies, 268. 

Mulder (M.) on the action of chlorine on 
animal substances, 278; on cinnamo- 
nitric and benzoenitric acids, 367. 

Murchison (R. 1.) on the classification and 
distribution of the older rocks of the 
north of Germany, 398; letter to, by 
Capt. Lloyd;-on a coral reefin the island 
of Mauritius, 526. 

Muscles, voluntary, contraction of, in the 
living body, 560. 

Mylias (M.) on the occurrence of uric 
acid in snails, 210. 

Nautilus Orbiculus, 446. 
Newton (Sir Isaac) presentation of the 

portrait of, to the Royal Society, by C. 
Vignolles, 556. 

Newtonian reflecting telescope, seven feet, 
presentation of, to the Astronomical 
Society, 597. 

Nitric acid, products of the action of, on 
castor oil, 417. 

Nitric oxide, combination of, with sul- 
phuric acid, 81. 

Northampton, Marquis of, anniversary 
address by the, at the Royal Society, 57. 

Northumberland, moraines in, 587. 
Nutmegs, on a new fat acid in the butter 

of, 102. 
CEnanthic acid, 421. 
Génanthylate ofsilver, 419; of baryta, 420; 

of potash, 421; of strontian, 7. 
(Enanthylic acid, 418; ether, 2b. 

Oils:—elemi and olibanum, 184; palm, 
186; from Ruta graveolens, 207; cas- 
carilla and carraway, 281; of potatoe 
spirit, 281, 439; of anise and of fennel, 
282; of bergamot, 283; products of the 

action of nitric acid on castor, 417; of 
esdragon, 438; of sabine, ib. 

Olbers (Dr.), notice of the late, 72. 
Optics, physical, on the application of 

Huyghens’s principle in, 11. 
Orbigny’s (M. Alcide d’) view of the 

white chalk of the Paris basin, 456; on 
the foraminifers of the white chalk of 
the Paris basin, 2b. 

Owen (R.) on the fossil remains of a bird, - 
tortoise, and saurian from the chalk; 
318. 

Oxalic ether, action of chlorine on, 5443 
compounds derived from, 545. 

Oxamethane, isomorphism of, with chlo- 
roxamethane, 372. 

Parallax of the fixed stars, present state 
of our knowledge of the, 597. 

Paris basin, Mr. Weaver on M. Alcide 
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d’Orbigny’s view of the white chalk of 
the, 456; on the foraminifers of the 
white chalk of the, ib. ; list of forami- 
nifers found in the, 461. 

Peltier (M.) on the phenomena of the 
electricity of steam, 100. 

Pendulums, invariable, experiments made 
with, 602. 

Peneroplis planatus, 444. 
Pennine, analysis of, 121. 
Phonetics, facts and observations relating 

to the science of, 124, 363. 
Phosphoric acid, anhydrous, action of, on 

camphoric acid, 238. 
Pikrophylle, analysis of, 122. 
Plana (M.), award of the astronomical 

medal to, 153. 
Platinum, on Magnus and Gros’s salts of, 

284, 293; manufacture of, 442. 
Playfair (L.) on a new fat acid from the 

butter of nutmegs, 102. 
Plesiosaurus, 552. 
Poggendorff (Prof.) on the surprising in- 

tensity of currents of the zinc iron cir- 
cuit, 42. 

Poisson (D.), notice of the late, 74. 
Polythalamia, living, geological distribu- 

tion of, on the African and Asiatic coasts 
of the Mediterranean, 443 ; remarks on, 
444; calcareous-shelled, 453. 

Potash, enanthylate of, 421; preparation 
and formation of yellow prussiate of, 
515; preparation of chlorate of, 518; 
sensibility of a reagent for, 606. 

Potatoe spirit, oil of, 439. 
Potter (R.) on the application of Huy- 

ghens’s principle in physical optics, 11; 
on conical refraction in biaxal crystals, 
343. 

Powell (Rev. B.) on certain points in the 
theory of undulations, 161, 270. 

Prideaux (J.) on an undescribed subsul- 
phate of iron, 397. 

Prinsep (J.), notice of the late, 64. 
Protochloride of cacodyl, 436. 
Provostaye (M. de la) on the isomorphism 

of oxamethane and chloroxamethane, 

372. 
Pterodactylus, 552. 
Rainbows, supernumerary, 520. 

Redfield (W. C.) on the direction of the 
wind as observed in the storm of Dec. 
15, 1839, 17; on the tornado which 
visited New Brunswick, June 19, 1835, 
20. 

Rees (G. O.) on chyle and lymph, 156. 
Refraction, conical, in biaxal crystals, 343. 
Resins from the milk of the cow-tree, 291. 
Riddle (E.), on the longitude of Madras, 

computed from moon-culminating ob- 
servations, 596. 
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Rigaud (Prof.), notice of the late, 144. 
Roberts (M. J.) on the cause of the pro- 

duction of daguerreotype figures, 301. 
Roemer (M.) on the chalk and the sub- 

jacent formations to the Purbeck stone 
inclusive in the north of Germany, 566. 

Rose (A.) on the combination of sulphuric 
acid with nitric oxide, 81. 

Rose (H.), analysis of chlorospinelle, 122. 
Rotalia Beccarii, 444. 
Rothman (R. W.) on an Arabic globe be- 

longing to the Astronomical Society,593. 
Royal Society, proceedings of the, 57, 139, 

307, 547. 
Rumker (Mr.) ephemeris and elements 

of the third comet discovered by Galle, 
597. 

Ruta graveolens, oil obtained from, 207. 
Rutherford (W.) on a new and simple se- 

ries, by which the ratio of the diameter 
of a circle to its circumference may 
easily be computed to any required 
degree of accuracy, 561. 

Sabine, oil of, 438. 
Sabine (Major Edward) on terrestrial 

magnetism, No. 2., 549. 
Salts, haloid, on the state in which they 

are dissolved by water and alcohol, 
357; bleaching salts, 422. 

Schafhaeutl (Dr.C.) on the circumstances 
under which steam developes positive 
electricity, 95; on steam considered as 
a conductor of electricity, 14, 265. 

Schweizer (M.), analysis of antigorite and 
pennine, 120. 

Science, letters on the progress of, in En- 
gland, reviewed, 412. 

Sea, on the mean level of the, 183. 
Sedgwick (Prof.) on the classification and 

distribution of the older rocks of north 
Germany, 398. 

Sierra Almagrera, mineral veins of the, 
561. 

Sierra de Gador, and its lead mines, 563. 
Siliceous-shelled infusoria, list of, 453. 
Silver, cenanthylate of, 419; sensibility 
of a reagent for, 607. 

Simms’s (Mr.) comparison of the Neapo- 
litan standard yard with that of the 
Astronomical Society, 603. 

Smith (A.) on Irish tin ore, 134. 
Snails, occurrence of uric acid in, 210. 
Soda, hyposulphite of, mode of preparing 

the, 211. 
Sorites Orbiculus, 444. 
Soubeiran (M.) on the oil of bergamot, 

383. 
Sounds, on the natural arrangement of 

consonantal, 363. 

Starch, sensibility of, as a reagent for io- 
dine, 604, 
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Stars, fixed, present state of our know~ 
ledge of the parallax of the, 597. 

Steam, considered as a conductor of elec- 
tricity, 14; on the electricity of effluent, 
50, 93, 95, 100, 328. 

Steneosaurus, 552. 
Stenhouse (J.) on a new compound of 

chlorine and cyanogen, 29; on artificial 
oil of ants, 122; on the oils of elemi and 
olibanuin, 184; on palm oil, and cacao 
butter, 186. 

Storms, papers relating to the law of, 17, 
20; correction of an error in Prof. 
Dove’s letter on the law of, 514; notice 
by Prof. Dove respecting the error, 
608. 

Strickland’s (H. E.) series ofcoloured sec- 
tions of the cuttings on the Birmingham 
and Gloucester railway, 523. 

Strontian, cenanthylate of, 421. 
Suberic acid, 116, 422. 
Sulphurets, metallic, new mode of analysis 
of, 211. 

Sulphuric acid, on the combination of, 
with nitric oxide, 81; action of, on al- 
cohol, 276. 

Sylvester (Prof.) on a new and more ge- 
neral theory of multiple roots, 137, 249; 
on a linear method of eliminating be- 
tween double, treble, and other systems 
of algebraic equations, 423. 

Ternary systems of algebraic equations, 
427. 

Thomas’s (R.) remarks on Prof. Whewell’s 
paper on the mean level of the sea, 183. 

Tilley (T. G.) on some of the products of 
the action of nitric acid on castor oil, 
417. 

Tin ore, occurrence of, in Ireland, 134, 
Torpedo, on the, 552. 
Tovey (Mr.) on the application of Huy- 

ghens’s principle in physical optics, 
Mr. R. Potter’s reply to, 11. 

Trees, fossil, characters of some, 212. 
Undulations, theory of, on certain’ points 

in the, 161, 270. 
Urea, state of, in urine, 545. 

Urine, state of urea in, 545. 
Vegetables, living, power of attraction of, 

520. 

IN DEX. 

Venus, orbit of, investigation for the cor- 
rection of the elements of the, 601. 

Veratric ether, 441. 
Vigors (N. A.), notice of the late, 66. 
Vliet (M. van der) on the resins of ben- 

zoin, 439. 
Veelckel (M.) on the oils of cascarilla and 

caraway, 281. 
Walker (C. V.) on electrotype manipula- 

tion, and on the construction of a con- 
stant acid battery, 520. 

Walter (M. P.) on the action of anhydrous 
phosphoric acid on camphoric acid, 
238; on the action of anhydrous sul- 
phurie acid on anhydrous camphoric 
acid, 441, 

Walton (Rev. W.), meteorological journal 
for 1840, at Allenheads, 556. 

Wax, fossil, from Gallicia, analysis of, 235. 
Weaver (T.) on the composition of chalk 

rocks and chalk marls by invisible or- 
ganic bodies, 375, 443; on M. Alcide 
d’Orbigny’s view of the white chalk of 
the Paris basin, 456. 

Weddle (T.) on a new method of solving 
numerical equations, 559. 

Wedgewood (H.) on the natural arrange- 
ment of consonantal sounds, 363. 

Wheatstone (Prof.) on the electro-mag- 
netic clock, 139. 

Will (Dr. H.) on the composition of che~ 
lidonin and Jervin, 32 on the oil ob-: 
tained from Ruta graveolens, 207; on 
veratric ether, 441. 

Williams (Rev. D.) on a mass of trap in 
the mountain limestone on the western 
extremity of Bleadon hill, 522. 

Williams (J.) on the electricity of steam, 
93. 

Williamson (W. C.) on some geological 
specimens from Syria, 233. 

Wind, on the direction of the, in the storm 
of Dec. 15th, 1839, 17. 

Woehler (Prof.) on hydrotelluric zther, 
78; on the preparation of formic ether, 
209; on telluret of ethyl, 210. 

Xanthophyllite, analysis of, 122. 
Yttria, phosphate of, 519. 
Zantedeschi (Prof.) on electric currents in 

warm-blooded animals, 271. 

END OF THE EIGHTEENTH VOLUME. 
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