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'

Ji7iF, 1825,

Article I.

Essai/ on the Variation of the Mariner's Compass^
its Cause, and

^
the periodical Revolution of the Magnetic Pole, By Mr.

*'

C. Boner.

(To the Editors of the Annals of Philosophy/,)

GENTLEMEN, Great Bedford-street, Bath, 'r

Th e direction of the magnetic needle towards one particular

point in the horizon evinces a power, by which the needle is

attracted.

The progressive change in the direction of the needle proves
a change of position in the attractive power.
The consideration that every thing in nature is governed by

invariable laws, places it beyond a doubt that the change of

position in the attractive force, and consequently the variation

of the needle, are governed by laws as constant as those by
which all the other phenomena of nature are regulated.
Whether the cause of the variation, that is to say, the power

which acts upon the compass needle, be in the earth, or m the

heavens, is a question which I do not presume to decide ;

because, after the consideration that the most able men have
been unsuccessful in their efforts to establish their theories upon
solid grounds, and that besides circumstances have never per-
mitted me to make the necessary experiments, from which I

might have drawn just conclusions, 1 should think it ridiculous

conceit, if I were positive in affirming that such and no other is

the efficient cause of this extraordinary phenomenon.
However that neither of the existing systems is the true one,

is evident from their disagreement with daily experience ; and,

therefore, every new conjecture on so important a subject is

worth examining.
That there should be within the earth, as some pretend, a

large magnet, revolving about a center, as the planets move
^bout the sun, is possible, but not probable ; and still less so iis

Neiv Series vol, x, b
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the opinion of those, who attribute the variation to the changes
produced in the iron mines by the continual excavations made
therein by men's hands.
The variation of the compass being evidently the effect of

attraction, would it not be more philosophical to look for its

cause in that universal power, by which the whole planetary
system is acknowledged to be governed. Few persons deny
tne influence of the sun and the moon in raising the waters of
the sea; and I can see no incongruity in the idea, that the varia-

tion is an effect of the same, or at least of a similar cause.

Repeated observations prove that at the same place the varia-

tion is different at different hours of the day ;
and Mr. Canton

affirms, that in 574 observations he found the variation regularly

increasing westward from about eight or nine in the morning
till one or two in the afternoon; when the needle became

stationaiy for some time, after which the absolute variation west-

ward was decreasing, and the needle came back again to its

former situation or near it in the
night,

or by the next morning.
1 ask now whether there is any thing more like the periodical

rise and fall of the waters of the sea, which, as every body
knows, happen twice every four and twenty hours, and consi-

dering that the diurnal east and west variations are very nearly
at the same distance from noon, I have little doubt but that if

the observations were made as regularly during the night, we
should discover the same changes before and after midnight,
when the sun is in the opposite meridian, and thus find two

magnetic tides, if I may use the expression, as we have two sea

tides eveiy day. It appears therefore not at all improbable to

me, that the periodical change of the variation should be regu-
lated by the situation of the heavenly bodies, and the whole

revolution of the magnetic pole be performed within the space
of 532 years, a period derived from the multiplication of the

numbers 19 and 28
;
that is, of the lunar and solar cycles

together.
J5ut what confirms me still more in the idea that the principal

cause ofvariation resides in the region of the planets, is, that by
the first trial which I made to discover the place of the mag-
netic pole by means of the dip and variation observed in 1812,
I found the annual progress of the magnetic pole in direct pro-

portion as the annual progress of the nodes of Venus to the

annual precession of the nodes of the earth; that is, as 31'^ :

50'''*25 : : annual progress of the magnetic pole : to one degree
or 60 minutes

; which gives the annual progress 37' 00'^ 53''''73.

And from the dip and variation observed in London in the year

1812, I find the annual progress of the magnetic pole, as it will

be seen hereafter, equal to 37' 63^' ll^''-22, differing only
52// 17^^'-49 from the former

;
and if to the first 37' 00'' 53-'"73

v/^ add the annual precession of the equinoxes 50^" seconds,
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*

we obtain 37' 51'' 8"'*73 for the annual progress of the magne-
tic pole as it is derived from the precession of the nodes of

Venus and of the earth, being only 2" 2'"*49 less than that

derived from the dip and variation observed in 1812.

This calculation is upon the supposition that it be true, as it

is generally believed, that there was no variation at London in

the year 1657
;
an opinion upon which there can remain little

doubt, when we consider that Mr. Gunter in the year 1622, that

is 35 years before there was no variation, observed it to be
5° 56i' east, and Mr. Halley in 1692, that is 35 years after

there had been no variation, found it 6° west.

Now from dip and variation observed in London in 1812, that

is 155 years after the time of no variation, I find the longitude
of the magnetic pole 82° 7' 36" west of London, and as in 1667
it was evidently in longitude 180°, it must have proceeded dur-

ing the 155 years, 97° 52' 24'^, which being divided by 155, give
37' 53'' 11"'*22 for the annual progress of the magnetic pole,
as it has been stated above, and the whole revolution =
570*1246 years, or 570 years and about 45 J- days.

If the annual progress be made as tropical revolution of Venus
to tropical revolution of the earth, we obtain 36' 54" 42'",
which is nearly one minute less than the above, and the whole-
revolution would require about 12 years more. If on the con-

trary we assume for the annual progress 38' 51" 28"', which is

nearly one minute more than the first, the whole revolution will

be about twelve years less; namely, 557 years, 21 days,
18*^ ll'" 51% forming the astronomical period, called the period
of eclipses. Further observations, it is to be hoped, will enable
us to decide which of these data comes nearest the truth. Mean-
while let us observe that a mean between the four following
numbers differs less than half a minute from the annual progress
of the magnetic pole as derived from the dip and variation

observed in 1812.

Annual progress deduced from annual preces-
sion of the nodes of Venus and the earth . . 37' 00" 53"'-73

From tropical revolution ofVenus and the earth 36 54 42
From period of echpses 38 51 28
From solar and lunar cycles 40 36 05*4

4)153 23 09-13

Mean term 38 20 47-28
From dip and variation of 1812 37 53 11-22

Difference 27 36-06

In the calculations of the dip and variation I have taken the

dip inversely as the distance from magnetic poles, ofwhich I am
persuaded thercj are but two diametrically opposite to one

b2
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another, etod not four irregularly dispersed within the earth, as

some have pretended.
J,have further to observe in favour of my theory that, as the

revoldtioti ofthe magnetic pole seems intimately connected with
the relative situations of the planets, so does its latitude appear
to be r^guli^ted by the inclinations of their axes.

The inclination of the axis of the sun is allowed to be 8° or

nearly ^o, which being subtracted from 23° 28', the inclination

of the aiis of the earth, leave 15° 28', which is very nearly the

distance of the magnetic pole from the pole of the earth, as

deduced from the dip and variation of 1812, namely 15° 17' 23'^

And ifthe latitude ofthe magnetic pole be supposed equal to the

inclination of the axis ofVenus, its distance from the pole of the

es^rtl^
will be 15°, and consequently again very near that found

by calculation, which, it is well worth observing, is almost a per-
fect meati between the two numbers 15° 28' and 15° resulting
from th6 inclinations of the axes of the sun, of the earth, and of

Veniis, the difference being less than 3-^ minutes.

The celebrated Euler, suspecting the cause of the variation,
like ain the others that have occupied themselves about this

subject, to be within the earth, fixed the north magnetic pole in

longitude 96° west of Teneriffe, which being reduced to the me-
ridian of ^London brings it to 112° 23', which is the very point
where it must have been then, in case its whole revolution be

equal to the period, formed of the lunar and solar cycles.
When we reflect upon this perfect conformity with the revo-

lution of the planets, we can hardly entertain a doubt concern-

ing their ruling power over the magnet. We acknowledge their

power over the waters of the sea, not because we see them

really at work, but because time, place,
and degree of elevation,

are always in perfect harmony with their respective situations.

From them we have learnt to foretel the time of setting in, and
the quantity of the tide at any place ;

and from them we n^ay

expect to learn the time and place for any particular degree of

variation. But it will require yet some labour and reflection

before w^ ihall be able to pronounce with certainty upon the

extent ,bf their influence. Could we depend on the correctness

of fprnier observations, the work would be greatly abridged, but

the errbr^ of many are obvious. For exampk, the same year
lotfi ii s^id to have been that in which there was no variation

at toufclih and at London, which is impossible,
if the variation

fpUpiys any rule at all, as I have no doubt it does. For X)u,blin

beii|g
6^ y 'to the west of London, th^ time when there was no

vanat^Wn'peVe ihust have been about nine years before the same
could be observed in London. Again I find tliat there was no

variation at' Paris in 1666
;
that is, nine years later than in Lon-

d6i^;^fetitParis being 2"^ 20' east of London ought to have expe-
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tienced the same but about four years later. I find other

instances where the variation amounted to about 7° in 68
years,

and afterwards in the very same place to only 15 minutes in the

whole space of 60 years. These contradictions must probably
be ascribed to the incorrectness of the instruments, and the

influence of local attraction. Both these inconveniences may
now be considered as almost totally removed by the great im-

provements in the construction of compasses, and by Dr. Bar-

low's apparatus to counteract the influence of iron. The best

instruments, however, are still found to have some small defects,

which must be ascertained before we can use them with advan-

tage. I see in Capt. Parry's voyage in the years 1819 and 1820,
that at several places the variation was observed with four com-

passes, all of the best workmanship, and yet they all disagreed,
and consequently three of them at least, if not all, must have
been wrong. But this is no objection to their utihty, for if after

the experiment has been repeated with all of them in different

parts of the world, their differences are found to bear always the

same proportion, it is certain that we may then conclude from
the variation of any single one, what would be that of either of

the remaining three ; and if all the compasses made use of for

discovery had first been tried in this manner, we might then be
able to reduce all the observations to one common standard, in

the same manner as we may acquire the very same notions ofthe

state of the atmosphere with barometers and thermometers of

different constructions. I have no doubt, but that some regard
must be paid to the temperature of the air, besides the respective
situation of the sun, moon, and the earth. The latitude of the

magnetic pole might also be sometimes increased or diminished

according to the decUnations of these objects, and it remains to

be determined, whether it revolves in a circle, or in an ellipsis.

As I have neither instruments, nor any of the resources requisite
for the investigation of so intricate a subject, I must resign the

honour of deciding these questions to those, whose happier cir

cumstances allow them to indulge themselves in the daily con

templation and admiration of the wonders of the creation.

After having conceived the idea of estabHshing my theory on
the revolution of the heavens, I chose, to prove it, the observa-

tion made in London by Dr. Gilpin in 1812, the only one of

which I had also the dip. The result is, as I have mentioned

before, that the annual progress of the magnetic pole round the

pole of the earth is nearly in direct proportion as annual pro-

gress of the nodes of Venus to the annual progress of the nodes
of the earth. It would have contributed greatly to my satisfac-

tion, if I had been able to obtain the same result from two or

more good observations made at the same time in different lati-

tudes and longitudes, but these I could not procure ;
for those,

which I might have taken from several voyages, were either not
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free from local attraction, or in other respects unfit for the

purpose.
At London, in 1812, the variation was

24° 16' W. and the dip 70° 32'. To find the w

place of the niaonetic pole from these data.

P, the pole of the earth.

M, magnetic pole.

L, London, latitude 51° 3 1' N.
P L, complement of latitude 38° 29'.

M L, complement of dip multiplied by 2 = 38* 66' z L =
24° 16'.

1. Cosine
^^

>

g

^^^ = 38° 42^ 9-892284

2. Cosine 5LLz.Lil = o 13i- 9-999997

'
'

»:» €6te*^-^ =12 8 10-667500

"^"^'"^^'^' " ^
» 20-667497

^ 4. Tang4v.4^^|^:^.^iJ80^28;,g^^

.
. ,A^ine, No,. ]i,,f>...a>>a*io«ij ^9*796127 ii£iaiflOYCl ..

'

'6. Sine, No. 2 7-58876d ; ,^

7. Cot.
No.a^,,.^..^.^..«^a0-667500""''

'

^:^^J.,y^
'^h8-256260

8. T.^^^^—^^hS^.^i... 8-460133 = 1° 39' 8'^

Hence ^ P =3=^82° 7' 36"
mti^ ^iM ^^S^ 49 20 o

Sme,No.8.^^.^..^..^^^8-459^^^
-

Sme,No.4.^.^.^^^,..^^^..^,9-99^^^^
Tang. 2 . . .

.^^f,^^
.
4^j . ^^ 7-593764

^ PM 00-8^ 88 ^r^7f7734
Tang.^ . M8^^ • -W- • • 9-127852 = 7° 38' 41^

.nL9iodcrr97ii/po?W
^ -

C^^/r ^^.oihOo boi-ie^:
-'

Thereforb the longitude of the magnetic polo in 1812 \Vas

82° 7' 36" west of London, and its latitude 74^^ 42' 37". In
1657 its longitude was 180; therefore in 155 years it has pro-
ceeded 97° 52' 24", or 37' 53"- 187 per annum.

UR-^'Vi 'bo °08 ~ i -^ ^ .>i£

00-OC (^f V9 - ) \ / .ef8l,nobno»

O0-0(^
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A table of the progress of the magnetic polfe as derived from

the dip and variation observed in London in the year 181?;'"
*

Number of Years. ^ . ^^l^ JAij^^ ixiU.W^dl "H:

2 1 15 46 22-4^

I 2 '? 32 IIS r-^-^-^^
4 2 ol o-^ 44*oo i.,j ffnhffA T !

5 3 09 -25 56-10 ^..l^iriq
-^- l-^-V.fV.3

47 19 07-32
.,1, ,i mT 4 25 12 18-54 s^r ot.

8 5 03 05 29-76
9 5 40, 58. 40-98 UaiftoC) J
10 6 18 51. 52-2Q,, . .

o
1 month 03 09 25-93— ^^'«o^^ ^^

Progress of the magnetic pole accordingiaacjSi^ai* between
that deduced from *

1. The annual precession of the nodes of Venus and of the
earth. «

; m ^

2. The
tropical

revolutioii ofVenus andrtheeartEf^^' ^^"
3. The period of eclipses. - ta -^j

4. The Dyonisian peri6d formed of
thesoiafi^dltiMrCjycles.

Number of Years.
' ^

'•'

'

«• .vVT in*"! ?
1 ... .,.0^.38' 20^ 47-^2!8^^^-*''^'
2 M^-^^1^16. 41 34-56,. _

^ H^r -ra. ^t^ti09i'a55,.,02 . 2i-84.^;^^^-^^;r. .8

4 2 33 23 09-12

5-de ^V 3^ 11 43 56-40
6 0^ (>l^3 50 04 43-68

7 oQon^.Q 28 25 30-96 .
.^^^ ^„.p

8 ^?^^jl^06 46 18-24 f^^'''^
9 ?;^Pt45- 07 05-52- '^^^ :^^£ i

10 ^Qvbtig'. 23 27 52-80
' ' ' '* ^^"^'

50 Z^:Wt&7 19 24-00
100

''
63 54 38 48-00 m^ ..^ik;'-)

"
I ^ ^- 1 month 6 3 11 4^814 ^T -^"^^

The whole revolution in 563-28 years, which is very nearly
the period of ecHpses, and may probably require to be reduced
to it to be perfect. A few examples calculated according to this

table will leave little doubt of its being nearly correct.''oS yC "^'-

^fioi 8ii '^So i

8d^\8io^^l^S^^°^Gb9b-.

London, 1812.

/ P = 80°
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*
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'

'^
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1. Cos. -^—i^ = 52«> 36' 24" 9-78340

2. Cos.
^
^^^'

=28 19 64 9-94459

3. T. ^ =1 19 .

.^J4
, 30 . . . .., . 9-54289

19-48748

4. T. £51^=i26 60 07...... 9-70408

5. Sine, No. 1 9-90008
6. Sine, No. 2 9-67630
7. T.No.3i.Vt..iv..'^ 9-54289

19-21919

8. T.^-ilii^ 10-31911 = 11° 'i^ 39''

^ ^'*

*rherefbreML ...:.:.'..;..;.;.; = S$ 36 46
PM ,,,nv^ii»^=F. 1^ <^3 28

Dip = 90 - i M L. . , ;i . .^i^s? 7(y 41 27

By observation *....»:.... 70 32 00

. ^
Diflference 09 27
Sine 8 9-30987

06,4, 9-65459
9-73154

I) boiiifiWr bfi'i
19-38613 v>?J^<^^

i?yoH

,on Cotan. ^' 10-07626 = 39^ 69^ 16^'

' -b-'^-^>H .:ij z M = 79 ';6S^i 52'

J%J§,^-./^P
= 79° 39' 36^«

,,i,f,;rt„'>.iPL = 38 29
;.

i^jj ,|pM= 15 03 28 according to the preceding

''•'".•r'<SiiL,?i±^ = 26° 46' 14". 9-95077'iff . 1
'

I O J SJ

2:m.^?t|£i(* = ll 42 4C 9-99087

mulai £ rfou8 ixniifioo aiiio^ ^^ fti-iiOiiuniaHl' '^-^-^—r-r-r^-'i ?<

•

4/f. jt.&|4rm /-fcisa ^ni^.i^^ifJ 10^1189^^..

I'll yif bsiiifiiifi naiii ion bx;fi noih.Fd
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5. Sine 1. ..'^i'^\f/^' 9-65362
' "^^ - ^-^"^ fir.;^^:...,

6. Sine 2 9-30750

19-38631 ^^
.

- '

;
: -^^

8. T. ^-^1^ ...,/.. 9-73269 == 28°
p3^^^
W

Thevefore / M . . . Xi'c^i. . . . = 81 07 58

,..j
^L *H.f. - 24 21 42. i

fii
Was observed in August. *•;.;•= 24 21 10 ^^

^j, DijBference ,*...• *j4(iw « 4> 5«r (^r^p [^f^^uma^
SineS.... 9-67706

'

^' ''^' ' ^

^-
"'
^

loi^^Jf^
Sine 4.... 9-90089

.v^ fMod

T. 2 9-31664
'

T. 5L&t^,^,^.54047 = 19^ 08^ 33'^pompleinenfcofdip.
^

_jj.: =.70 51 27
'

"*_. .^ r

MM'ir-=:o38^^..17 .06^
''^ ^

-m'^my-i
'

How Mttcli^^fee-tKp was by observation, I dd not ^now ; but to

judge by that of 1812, this cannot be far from the trutli, because
it must necessarily have increased since. ^^

'

^

According to the series of observations placed S0^e end,
with which I have been favoured lately by some gentlemen of
the Royal Society, it appears that the variation had attained the

highest degree in 1814, and that it has been gradually dimi-

nishing from that time. This diminution, however, is not a
sufficient proof of the actual return of the needle towards the
north : for I find, from a number of observations made by Dr.

Gilpin, that a much greater diminution had taken place in an

equal space of time to that from 1814 to 1824, after which the
variation was found to increase again; liamel;^, in 1800 it was
observed 24° 36' W. and in 1809 it was found by thie same

gentleman 24° 11'; that is, 25 minutes less; after which it

appears to have continued to increase until 1814, when it

amounted to 24° 21' 10", and has retrograded smce, in the

space often years, to 24° 9' 33", which is only lF37"less than
the greatest of 1814. If, therefore^ 25' diminution in nine years
did not confirm the return of the needle towards the north, much
less can 11' 37" diminution in 10 years confirm such a return;
and the question must as yet remain undecided. I have further

to observe that the ^ M in the last example, being le^s than

90°, supposing the data correct, is an evident proof that the

variation had not then attained its highest degree, which can

only take place when that angle is 90°, which, according to the

last given annual progress, will be in the year 1829, when the
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variation will be 24° 40^ 31'^; the dip 72° 04' 44'', and the Ion-

gitude of the magnetic pole 70° 12' 52", its latitude 74° 56' 32".

When I say that these things are to take
place,

it will be

understood oi course that I do not pretend to affirm it positively,
but only so far as the observations which I have made subser-

vient to corroborate my theory, are correct. So much, I am
confident, is true, that the annual progress cannot differ much
from what I have stated it to be, and that in every case it will

be found dependant on some one of the astronomical periods
which I have mentioned. An inquiry into the cause of variation

seems therefore to be a subject as much deserving the atten-

tion of the astronomer as that of the tide and the monsoon, with

both of which it is probably connected. The result of his obser-

vations being every year inserted in the Nautical Almanac,
would, I should think, be of material service to the mariner. I

need not say, how easy it would be to find the longitude, if we
could depend on the exactness of the dip and variation, as this

must be obvious to every mathematician. It is therefore of the

greatest importance, that we should learn to determine the true

dip and variation, though the instruments made use of should

not be quite perfect, in the same manner as we may know the

exact time of the day by means of an incorrect watch, as soon as

we are acquainted with its defects. 1 have been told that the

dip cannot be depended on so much as the variation ; but on

examining a series of observations made by Capt. Parry and

Capt. Lyon, I find to the contrary the dip almost constantly very

nearly, what I should have expected it to be, whilst the variation

bears not the least resemblance to truth
;
for I see it constantly

west, when I had every reason to think it would have been east.

The only way of accounting for this contradiction is to suppose
that the poles of the needle have been changed, a fact which I

have often witnessed myself; and concerning the reality of

which the following passage, taken from the Imperial Encyclo-

paedia, will remove every doubt :
—

"
Although magnetic attraction generally takes place only

between the opposite poles of two magnets, yet it often happens
that though the north' pole of one magnet be presented to the

north pole of another, that they show neither attraction nor

repulsion; but that wheii placed very near each other, they will

attract. For it often happens that one of the magnets^ J)eing

more po>verful than the other, will chaage the pcle of that o^her

magnet, and then
_

au atUjaction will take [)Lice betvve^i^ ,two

poles apparently of* tbe'^sanie name, though m
,t^^ .i!ilA^,.an

attraction between poles of difFerent names, because one ofthem
has actually J>een changed." h2 ^80 *^til = 171 *^I 9fli8

Confvwie^-*^ 4^y PP^".^^"^ ^y *^ passagitf, i cdTidli^fi^ that if

the poles-D£ the' needle had exchanged places, that end of it

which, l^thoutisuch a change, would have pointed eastward,
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must now necessarily point westward, and that to judge rightly
of the variation, we ought to make it equal to the supplement of
that marked by the compass, and call it by a contrary name.

Experience, however, did not quite answer my expectations ;

for in the first example, where 1 supposed the variation would
turn out to be 61° 44' E, being the supplement of 118° 16^ W;
computation gave only 53° 50' 26" ; that is, nearly eight degrees
less

;
but the dip was only 38' 36" less than that by observation.

Suspecting now that the dip observed might be nearly correct,
and having little doubt but that the longitude and latitude of
the magnetic pole, calculated for the time of observation by the
table ot mean annual motion; namely, 38' 20" 47'''-28, would
not be far from the truth, 1 concluded that the dip, with the lati-

tude of the place of observation, would suffice to find the longi-
tude in spite of. the irregularity of the compass and of time-

keepers, without any astronomical observation but what was

requisite for the finding of latitude. The result was satisfactory

beyond all expectation ;
the difference of longitude observed and

that by computation being but halfa minute* , . l e:iij>

Observationsfrom Capt . Lyovis last Voyage,
'

* ed^ .;*

'

'^^

1820.—Regent^s Inlet, Latitude . ) .C! ) . . 72° ^S^^ff'^^l
'?^t ^Iff / > Longitude 89 41 W^ r

. ^
,. ,-; as?, dfl. ^

Dip j ^8 26 1

ii;q,jx,«o;^i variati^.';;K/|^p^ i|S^^;:'
Computed lafitiide of magnetic pole. '/^'^^'"^j^ 10

Computed longitude of ditto ;i i'^^^^8 16

Supposing the longitude unknown, how could it be found by
these data, of which the three last, owing to the

irregularity of
the 5i04)^p^ji^, are^ positively,wrong? _

P M, complement of latitude „„_- jfJxjob viavs r

of magnetic pole iMoPSSe m9h^,:.(^L^.^^^- . ,

P R, complement of latitudefj owJlo asloq ai^&«ftro?rf:t iiis'-vl^

of Regent's Inlet .„ .j7o 'il%lo^ril?on ofilii^uoaf h*'^

M R, double complement oi/^^di Udi .ladioniJ ^;o alo
|

i^-'
'

"^>P(SR*"^t^^^4,?Sr,#^'p#^i^^)ogaq ^^w 3Bib fud ' nobr
'

Pt, meridian iif'Lon^n,'anH'liiP''^^^^^
''"^

MPL, longitude of magnetic pole in 1820
at'O^'^^.S'/^p"

47-W28
annual progression =75° 49^ 31i-"^ its latitude considered an
invariable quantity =? 74° 5& 32".

,
, .

-

iifilo 9ii(j .j.usiOd^
,e.:--

' io 26loq nasw ^ad aor )/-,/

!

'

SinePM = 15^ 03' 28" . .v^9gq^4^ ^35414^*"^^^
iiditefeje^^oi ;!^i' m 40 ^,^^v^p,\. 9-47209

"

>bp9 iBilJ
^830isl^ L^gnBfbxs bed albso __^^ -
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•Complement ofsum ,;..; ...•• M1329 («
Sine of J- sum of threfe sides 18^ 21" SCV' . . . . 949837 \h
Sine of differ, of 4- sum and side? lo ac oo noomc /

1^ -p
* ^ lo oo oo fc,,, y*ooiyo (c

Sum of tf, h,c 2)19-99362

Cosine ^
|
= 6^ 56" 9*99681

Therefore ^ P = 13° 52'

•f Longitude of magnetic pole, or z M P L = 75 49 31^"

Hence long, of place of observation 89 41 31-i-

Lonff. observed 89 41 00 -

DiflPerence . . . . Sl^^;

After so perfect an agreement between observation and conT-

putation, I have reason to think that I had determined the true

place of the magnetic pole for the time of observation, and that

consequently it may, upon the same principle, be determined
for any particular time, its revolution being necessarily as regular
as the course of the stars. If this regularity be once irrevocably
established, vte shall have one side P M of the triangle, and the

angle M P L constantly givefi, and P R, the complement of

latitude, mostly without much difficulty. If then by any means
we can succeed in discovering the error either of the variation,
or the dip, we shall always have a sufficient number of data for

the discovery of longitude. I know that the longitudes and
latitudes of the magnetic pole calculated by Capt. Parry and
other gentlemen, a^ree

with their relative variations and dip,
but they must be, calculated for every new observation, and every
new result contradicts all the preceding operations, which, I am
confident, is owing to an error of the compass, and not to a real

shifting of the magnetic pole.
The change of position in the pole is slow and regular, and I

have sufficient reasons to beheve that I have not erred much

respecting the rate of its periodical progress, or that I have at

least pointed out the means of determining it.

If this be done, the most important question will be, how we

may discover the errors of the compass and of the
dipping

nee-

dle, if we cannot prevent them ? I should think, that the follow-

ing experiment might be a means of obtaining that end, or at

least of facilitating our research after it. Having determined the

situation of the magnetic pole by the preceding table for any
particular time in London, and calculated the variation and dip

accordingly, then an observation made with a compass and dip-

ping needle would show, how near their quantities agree with
those found by calculation, and the same operation being
repeated, with the very same instruments, at different places, at
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a proper distance from one another, then, if the differences

between the quantities calculated and the quantities observed,
bear every where the same ratio, it is obvious, that these instru-

ments, were they ever so defective, would become as useful as

the most correct, since we could always make a proper allow-

ance for their defects.

Perhaps as good, and a shorter way would be, to make the

observationwith several compasses, and as many dipping needles,
marked A, B, C, D, and having noted the difference of each, and
the variation and dip found by computation, one might be sent

to Petersburgh, another to Berlin, a third to yienna or Paris,
and a fourth to Edinburgh, and a particular day and hour

appointed for the observations to be made. The result of these

observations would also be particularly useful to correct any
error respecting the place and periodical revolution of the mag-
netic pole. That we ought to make the compass to agree with

the place of the magnetic pole, and not the situation of that

pole with the compass, will not be disputed, unless it were by
one, who would regulate the sun by the clock instead of regulat-

ing the clock by the sun. ..:;.., ^..

. _.
^(ig^ii<^yariatm^[[^il^^,^'j,^il^,..:

hi9m9l5gji_gg t. 24^14' 02" yfiitifiJeribo^ J ^ M J

:'"! T"^812—Oct. 24 16 30
""

'orWiw yl^aoffi ;9buy

'*^'Y^:^ 1813—Sept. 24 16 40 -^i^) nr Iv^ebour ;
'

^^f ^qSM^June 24 1 6 42 Ih ^xi

-^oboJf-
July 24 17 54 -f>

'yyjn^ J^Ib'J Aug. 24 21 10 greatest ..;

* b brr/? gnnr^
gept^ 24 20 33

^^^9^"?4«15—June 24 17 50
f^i^^idf^;^M^ir^ 24 17 54^ iii. .Joib.i'iii;o.>-iJi/^^. v^
'^ £ oi

iqcgjfTrs .^aijqm. 24 17 00^ m'oi^aiwo^r ^yU-^mr
1818 24 15 43q oiiM^Bm

ts
rx)lij|^j03n^

woIb 24 14 47 nxM^orilo
-uYi

boiifytoi sverf I 24 14 44 Dip about 71^ 6'
-=»^i.(f I 1^10- ,f?891-24 11 IS in n -...L. ^d,i ^n K.,.^

, 1822 -^^
S^'^ 24 09 55*ijsam edi iuo boinioq i4

''

'^ woii ,9(J^ n0i)89tj| 24 09 mom^di .eaob sd^ldlW^
'

^'f
2nfqqi%^J lo bns 24 09 33^0 aioiis adi 'lOYODP.lbxil^T

oiloi 3di isdi ^dmdi biuod^ I £ msdi insva'iq iomiBo 9w "ii ,bi .

' fo ^bfl9 iGdi gfiinlBjdo^o PAiBSca B ed idgim ixiwnisqxa ^
!? banimisjab §fxiYj:jH Ji im%B dDiBS&3i'njo'g[tiiBfdio£i^o ike -

'^^u^^
^WiJ^r gnibsasiq sdi ^d sloq oi:r9n§i3m 9jd:t lo noxi^uiirf

Jh b[i£ aohehsY edi boisluo^Bo bae ncbnoJ m emii iBluolhhq

^meai-gB aWiiiiump liarii ijssn worf ^wodfe- bkroy/ slbasn gnii.M^d
flodBiaqo em£a sdi bus .mbMuoiat) ^^rf hdiioi

jrb bflfi 88Bqmoo js diki ebsim aohsr(f^Qadom nddi^^aibiooo*
'^eai-gB &^hbuBfjp tiadi issa wod ^wodfe- bkroy/ slbasn gnii.^d

flodBiaqo emsa sdi bus .mbMuoiat) ^rf hdiioi qso:'
'
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Article II.

0/1 a Compound of Iodine and Carbon. By Mr. M. Scanlan.

(To the Editors of the Annals of Philosophy.)

GENTLEMEN, Dublin, Jpril2\, 1825.

In contriving a
process

for making iodide of potassium,
which struck me as less objectionable tJnan those with which I

was already acquamted, I have formed a combination of iodine

and carbon which, so far as I know, has not been described by
chemists.

It may be thus obtained :

Add to an alcoholic solution of iodine caustic potash till the

colour be destroyed, the liquor becomes turbid, and a white

crystalline deposition ensues which is iodate of potash : distil,

with a very gentle heat, the alcohol from the clear liquor which

is yellowish ;
and on cooling, this substance is deposited in

small micaceous plates, opaque, and of a bright sulphur-yellow
colour: the solution ofhydriodate of potash retains obstinately
a portion of it which cannot be separated without decomposition.

Iodide of carbon, if I may so name it, has a powerful and

aromatic odour somewhat resembling saffron. It is soluble in

alcohol, and precipitated therefrom by water yellowish-white.
It rises in distillation with water unchanged, but is readily

decomposed by a heat little higher than boiling water. Exposure
on a piece of writing paper over the flame of a candle renders

visible the violet vapour of iodine : heated in a glass tube, it melts,

and is decomposed ;
iodine sublimes leaving carbon.

Heated with iron or zinc, an iodide of the metal is formed.

Its alcoholic solution by spontaneous evaporation yields slen-

der prismatic crystals.
I have not yet made any very satisfactory experiments to

ascertain the proportions of its elements, but it appears to me,
from such trials as I have made, that the best method of analysis
would be to expose it to a sufficient heat in a sealed tube mixed

with iodide of potassium ; the iodine sublimes into the cooled

end, and the carbon may be separated from the iodide by means
of water.

In this way the weight of each element might be determined

in the one operation.
M. Scanlan.

Note.—Mr. Faraday has had the goodness, at my request, to

examine the specimen of the supposed
iodide of carbon, for-

warded to us by Mr. Scanlan. Ihe following is the report we
have been favoured with by him on the subject. Our readers

will recollect that we owe the discovery of the hj/driodide of car^

bon to Mr. Faraday.—C.
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DEAR SIR, Royal Institution, June 9, 1825.
'

I RECEIVED the substance you refer to in your note a day or

two ago from Mr. Brande, and have examined it so far as to be
able to say it is not the hydriodide of carbon which I made.
With reference to its being an iodide or an hydriodide ofcarbon,
I am not quite so sure. It is I perceive the same substance as

was shown to me by Mr. Cooper, I should think, two years or

more ago, and which he obtained during the preparation of

iodine in large quantities. Mr. Cooper considered it at that

time as an iodide of carbon, analysing it by passing it over
oxide of copper. I saw many of his experiments, but wac not

quite convinced that it contained no hydrogen. I know he
intended to publish his experiments, but have heard nothing of
them since.

The number of iodine is so high, and the number ofhydrogea
so low, that it is very difficult to detect and confirm the exist-

ence (or to disprove it) of one proportional of the latter in com-

pounds of the former ;
a proportional of hydrogen coming within

the hmits of probable errors in experiment. . I am of opinion
that the compound you sent me contains hydrogen ;

indeed I

am certain of it, for when distilled in contact with, and over

heated zinc filings, a gas is evolved which is combustible, and
contains hydrogen; but whether this substance results in conse-

quence of its existence in the compound, or whether it is due to

adhering moisture, is more than I could say without entering
into a course of precise experiments. It appears to me also to

resemble the hydriodide of carbon which Serullas obtained.—'

(Ann. de Chim. xxii. 172, or Journal, xv. 297.)
I am, dear Sir, yours very truly,

J. G . Children, Esq . M.Faraday,

Article III.

Facts proving the Efficacy of ISir H. Davy^s Method of protect-

ing the Copper of Ships by Electrochemical Action. Extracted
from the Letters of a Correspondent, and Dr. Stewart Traill.

1. The Carnebrea Castle, an Indiaman, belonging to Messrs.

Wigram, of 650 tons burden, was protected last spring by a

quantity of iron in four portions, two on the bow, and two on the

stern, equal to from y^ to yJ-u P^'^^*
^^® ^^^^ since made the

voyage to India, and was for some time in the Ganges.
She appeared bright and clean during the whole of the

voyage out and home
;
some mud collected on her bottom in the

Ganges ; but immediately disappeared when she began to sail.

She was put into dry dock about a fortnight ago, and her bottom
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examined by Sir H. Davy, the proprietors, and various other

persons. JSvery part of her bottom was bright and clean with-
out a single adhesion of any kind, and as far as could be judged
firom the smoothness and appearance of the copper, it had not
been at all worn by any chemical corrosion. The iron, which
"Was about an inch and naif in thickness, is considered a sufficient

protector for two voyages more.
2. The Elizabeth yacht, belonging to the Earl of Darnley, was

protected by two pieces of malleable iron in the stern, in May
last, equal to about ^i— ^^ ^^^^ surface of the copper. After

being employed in sailing during the summer, she was examined
in November, when her oottom was found free from adhesions
ofany kind, and apparently untouched. The copper was bright,
and even the nails not tarnished. In the course of the summer
a few small barnacles had adhered to the rust of iron, which were

easily and immediately washed off; but no weed or shell fish

had ever fixed on the copper, which appeared in the same state

as when she left the dock.

The following exslmples we owe to the kindness of Dr. Traill :

The ship Huskissoji, belonging to Mr. Horsfall, was lately in

dock after a voyage to and from Demerara, where she lay some

weeks, in a river remarkably favourable to the adhesion of para-
sitical animals and weeds

; yet, when I examined this vessel,

her copper appeared perfectly clean, as far as it could be seen,
when she was purposely set by the s^erw in unloading, in order to

show her copper at the bows as low as possible. The Captain
stated that before coming into port, while yet in clear water, he
had seen her bottom even to the keel

;
and it seemed to him

quite clean. This ship was defended by two bars of malleable
iron bolted along the sides of her keel by copper fastenings,

'

which covered about
-j-^

ofthe surface of her copper.
The Elizabeth, a vessel defended exactly in the same manner,

with metals in the same proportions, had made the same voyage.
Both had been newly coppered when they last left Liverpool ;

and the Elizabeth's copper appeared equally clean as that of
the Huskisson when unloaded; but as she did not enter a

graving dock, we cannot absolutely say whether she was quite
clean, especially as the copper ofthe Dorothy (about to be men-

tioned) appeared equally so, until she was seen in the graving
dock, when the flat part of her bottom was found to be quite
covered with barnacles. The copper of the Huskisson, there is

reason to believe, was peifedlij clean, as was proved in the next

case,
The

ship
Dee,—A very large vessel belonging to my relative,

Mr. Sandoach. This ship was newly coppered about twelve

months ago, and a bar of malleable iron, about ^ of an inch

thick; and three inches broad; was fastened on each side of the
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keel by erow spikes. It covered about ^^'o-of
the surface of her

copper. Since that period she has made two voyages to De-

merara, and was, at the conclusion of the last, put into a grav-

ing dock, when her copper was found perfectly free from

corrosion, and there were scarcely any substances adhering to

it, except a very few minute barnacles, near the keel fore and

aft. This case shows that over defence was not the cause of the

foulness of the bottom of the Tickler; for both in this vessel

and in the Huskisson, the proportion of iron to the copper was

greater than in that ship. The iron spikes employed to fasten

the iron on the keel of the Dee, were so much corroded, as to

endanger the falling off of the bars; copper nails are, therefore,

to be preferred.
The Dorothy.

—Dr. Traill states, that the following particulars
of the Dorothy's outfit and return, were communicated to him

by his intelligent friend Mr. Horsfall, one of the owners of the

ship in.the beginning of May :
—

" The Dorothy had been coppered about a year, and had made
one voyage to Bombay and back to this port, when in May,
1824, it was determined to place bars of iron four inches broad,
and one inch thick, along her keel, covering about y^ part ofthe

copper, in the expectation that the iron would at least so far

preserve the copper from corrosion that it might be permitted to

run a second voyage to India without being renewed, which can
seldom be done with perfect safety. The iron extended from
on^end of the keel to the other, and was fastened on with copper
nails with large heads. The Dorothy thus defended sailed

again for Bombay in June, and returned to Liverpool about a

month since. She was put into the graving dock yesterday

(May 3), and an examination of her bottom took place as soon
as the water had left her.

" The copper appeared no more reduced than at. the termina-

tion of the first
voyage. The iron was diminished generally

about f inch in breadth, and from ^ to -i an inch in thickness.

At the ends of the vessel, for about two or three feet, the iron

was much more reduced than at any other part. It was covered
with the usual rust, not at all resembling cast iron, under similar

circumstances. The flat of the ships' bottom, from end to end,
and from six to eight feet in breadth, was full oi fleshy barnacles

(lepas anatifera) ofuncommon length, and a few of the large hard
shell species (balanus tintinnabulum).*"
What remains of the iron is still considered a sufficient pro-

tection for a third voyage to India, and "
it appears only to be

necessary to drive the large copper nails up a little to secure the

iron bars for the next voyage."
Note by Dr. Traill.—We remarked that the specimens of the

Sulphuric acid wtsused to loosen and detach the shells; :•'
']

•

^ '(

'

'^

New Series, vol. x. c
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lepas cntttifera were
considerably larger on the starboard than on

the larboard side of the ship. On noticing this to the Captain,
he intbrnied us that the larboard had been the lee side of the

vessel, almost constantly during the passage to Europe, and

consequently most deeply immersed in the water—a circum-

stance in the economy of these animals not unworthy of notice.

It is evident that in all these last cases, particularly in the ship

Dorothy, the proportion of iron has been too large, and the

quantity of calcareous earth on the bottom of this ship proves
that the electro-negative action has been in excess.—-C.

Article IV.

On Diluvial Formations. By Professor Sedgwick.

(To the Editors of the Annals of Fhilosophy.)

GENTLEMEN, Trinity College, Cambrid^ey May, 1825.

The following remarks on certain diluvial deposits form a

supplement to a paper which you did me the honour to pubhsh
in the Annals of Philosophy for the month of April. Circum-

stances, over which I have had no control, have prevented me
from resuming the subject sooner; but I venture to hope that

the statements which are now offered for insertion in your jour*
nal, will be found sufficient to explain and vindicate the opinions
advanced in my former communication.

I have the honour to be. Gentlemen,
Your most faithful servant,

A. Sedgwick.

Separation of Alluvial and Diluvial Formations.

In my former paper on the origin of alluvial and diluvial

formations, I endeavoured to explain the nature of the evidence

on which the two classes of deposits had been separated from
each other; and I also endeavoured to show, that diluvial forma-

tions have not originated in a succession of partial and transient

inundations occasioned by the bursting of lakes, or by the ordi-

wan/ operation of any cause with which we are acquainted. The
last conclusion might, perhaps, be established by showing the

constant order in the position of the two deposits, and the differ-

ent suites of organic remains contained in them. It derives,

however, its most direct support from the two following consi*

flefatioiis-: 1. That, with very limited exceptions, the earth's

surface exhibits no traces of ancient lakes capable of producing
any portioii .of the Superficial gravel. 2« That admitting
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lakes, we shall not, by that hypothesis, introduce an agent

capable of producing the diluvial debris which is exhibited on
almost every part of the earth's surface which has been well

examined.
In illustration of the first of these two assertions, I need ovXf

state, after Prof. Buckland, that in none of the higher parts of

England out of the reach of ordinary floods, have any traces

been yet discovered of lacustrine terraces, such as those which
are seen in one or two of the glens of Scotland, or of any other

deposits indicating the former presence of extensive tracts of

stagnant water. The hypothesis which ascribes the distribution

of the enormous masses of diluvial gravel existing in so many
parts of our island to the agency of a series of lakes, which
from time to time have burst their barriers and descended to

lower levels, may, therefore, at once be rejected as gratuitous.

Diluvian Action proved from the Form of many Valleys of
Denudation,

There is another independent reason for rejecting the hypo-
thesis, which may be properly stated in this place. That most
of our secondary valleys have been formed by denudation, and
that by the action of water many portions of the earth's surface

have been greatly changed in form since the solid strata assumed
their present elevation is universally admitted

;
the only ques-

tion is respecting the manner in which such changes have been

brought about. Now we may venture to assert, that in number-
less instances the present drainage of the earth's surface could
never have been effected, either by the long continued erosion

of the elements, or by the bursting of any series of lakes onci*

pent up among its higher regions ; and if this statement be true;
the pr6serit modifications in the external contour of the earth

must haV6 been effected by the action of water put in motion by
powers which differ altogether with those with which we are

acquainted. It is impossible in this place to enter on a detailed

-proofof the preceding assertion. By way of illustration, I shall

only refer to two examples of the kind alluded to, though many
others equally decisive of the question at issue, might be derived

from various parts of our island.*

Wealds of Kent,

The first example to which I shall refer is supplied by the

* Some excellent observations coniiiected with this subject may be found in the

"Geological Survey of the Yorkshire Coast;" by Young and Bird, p. 279, 286.

Many valleys appear to have been formed by an actual disruption of the strata produced
at the tima oftheir first elevation. Valleys of this kind are of course exceptt-d from the

rema;tks in the text, which apply exclusively to true valleys of denudation^ such as those

by which the greater part of the secondary strata of JEngland are iflte»5ttW»

c2
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natural drainage ofa portion of the counties of Kent and Sussex.

A number of small rivers take their rise in the central ridge of

the Hastings sands (see Greenough's Geological Map of Eng-
land), and descend from thence both on the north and south side

into the longitudinal valleys occupied by the weald clay.
Instead of finding their way to the sea through these valleys, the

rivers proceed in a direction nearly transverse to them, and escape
on the one side into the Thames, and on the other side into the

Channel, by deep gorges cut through the escarpments of the

"North and South Downs.* In this way the whole region is

intersected by a double system of valleys communicating with

the sea, and crossing each other nearly at right angles. It is,

I think, physically impossible that this singular contour should

have been produced by the long continued erosion of the waters.

For allowing that the rivers have scoured out the longitudinal

valleys of the weald clay, no reason can be given why they
should not flow down those valleys at this moment

;
and on this

supposition it is inconceivable how they should ever have forced

their way (in no less than eight places) through the high ridges
of the North and South Downs. Again, if we suppose that the

North and South Downs were once prolonged to the south-east

so as to form a continuous ridge, we may shift the difficulty, but

we shall not explain it. On this supposition a large inland lake

might have occupied the region of the weald clay, and such a

lake might have burst the chalk barrier, and formed one or two

valleys of denudation. But it is impossible that such an agent
should ever have formed the complex system of valleys by which
the Downs are now intersected. That all these valleys have
been opened out by the same disturbing forces which have pro-
duced the accumulations of superficial gravel in the neighbour-

ing parts of England cannot admit of doubt. Yet we have the

clearest physical evidence that the drainage could never have

been effected by the ordinary operations of any of those disturb-

iug forces which are now acting on the surface of the earth.

Drainage of the Isle of Wight.
The next example is supplied by the drainage of the Isle of

Wight.i*' Two small rivers which rise on the south side of the

central Downs might have escaped into the sea by low and direct

channels cut throu^^h the incoherent ferruginous sands. Instead

of this, tlu y flow into the north channel, at Cowes and Brading,

passj ^

^'8'trp)[iOs^the^e V^n^yls to^bf^clofe^d, it is incompatible with every

~^^^» Seith^ ^*OutMfe*«<*^tM*'G«flogy of En^and and Wales,*' p. 145.

•f See the map accompanying Dr. Fitton's paper published in the JnnaU of Phi(a-

sophj/ fot ^ov. 1824.
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thinj^ we know of the structure of the country to conceive the

existence of any lake whatsoever, much less of any body of

waters capable of bursting through the high chalk downs, and
of bringing the island into its present form. We are, therefore,

compelled to admit, that the island has been reduced to its pre-
sent form by some more powerful cause than any which is in

ordinary action. A detailed examination of the surface of the

country fully establishes this inference. For we have the most
direct evidence to prove, that diluvian torrents have swept over

every part of the Isle of Wight, its highest as well as its lowest

elevations ;
and that they have scooped out deep valleys, and

driven before them enormous masses of gravel, which are heaped
upon the upper freshwater beds and all the other tertiary deposits
which extend to the north channel.

Resulting Conclusions^

From a consideration of such facts as these, w^e may, I think,

unequivocally establish the two following conclusions : 1 . That

during a period of time posterior to the deposition of the newest

regular strata which are known to geologists, many parts of our

island have been ravaged by powerful denuding forces. 2. That
the form and direction of the valleys produced by these denuding
forces, cannot be accounted for by any known action of the

waters which are now draining off the surface of the country.
On similar grounds the preceding conclusions might be extended
to many other parts of the world; and they are obviously inde-

pendent of any arguments drawn from the extent and the posi-
tion of the diluvial detritus.

Position and Extent of the Diluvial Detritus.

In the remaining part of this paper I shall proceed to an
examination of the materials which have been torn up hy diluvian

currents, and scattered over different parts of our island
;
and

from the position and extent ofthese materials, I shall endeavour
to prove that they cannot be accounted for by the ordinary

operation of any known physical agent. It is not, however, my
intention to enter on any general details connected with the

history of this detritus, as they would inevitably lead me into

ground which is already occupied by the author of the " Reli-

quice Diluviance.^^ I shall, therefore, only select from the facts

which have come under my own observation, two or three which
seem to bear more immediately on my present object. On this

account I forbear to notice the successive valleys of denudation,
and the almost continuous masses of diluvium which present
themselves on the south coast ;

and for the same reason I pass
over all the corresponding phenomena in the central and south-

ern parts of our island. I may, however, express a conviction,
founded on a very extensive range of observations, that there is
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not a single spot in the ahovementioned
parts

of England which
has been exempted from the attacks of those destructive forces

which have produced the diluvial gravel. Whatever, therefore,

may have been the origin of the phenomena in question, they
are due to the operation of no partial or local agents.

Diluvium on the East Coast, ^c,

I. The eastern parts of England from the chalk downs of Lin-

colnshire to those of Cambridgeshire, offer a series of striking
facts connected with the history of diluvial phenomena. In the

neighbourhood of Cambridge (and I believe also along the whole

escarpment of the chalk in the counties of Norfolk and Suffolk),
the diluvial deposits may be divided into two distinct classes.

The first, composed of coarse materials, often lodged at consi-

derable elevations, and apparently drifted into their present sit na-

tion by the first rush of the waters: the second, generally found

in lower elevations, and apparently comminuted by the

continued attrition • of the retiring waters. The extensive

deposits of transported materials in the low region between

Cambridge and Lynn, generally belong to the latter class ; and
the immense abundance of rolled flints contained in them seem
to prove that the neighbouring chalk strata must once have

extended considerably to the west of their present limits. An
examination of the chalk downs themselves completely demon-
strates that the denuding currents have not been confined to

the lower part of the escarpments ;
but have pushed enormous

masses of gravel over the very top of the downs, and have

modified the whole surface of the district. Lastly, the bluff

escarpment presented by the chalk on the coast of Norfolk, and
the re-appearance ofthe same rock in the wolds of Lincolnshire,
almost compel us to admit that the formation was once continu-

ous, and that the whole Wash of Lincolnshire has been caused

by denudation. Be this as it may, we may conclude with cer-

tainty that the present form of the chalk downs of Suffolk, Nor-

folk, and Cambridgeshire, could never have been produced by

any known action of the waters which now drain off' that part of

England ;
and the nature and position of transported materials,

which the denuding currents have drifted over many parts of

the neighbouring region, lead us to exactly the same conclusion.

Diluyium of Huntingdonshire arid Camhridgeshire,

The elevated plains, which extend on the confines of Bedford-

shire, Cambridgeshire, and Huntingdonshire, exhibit several par-
tial deposits of such transported materials, from which the Rev.

J. Plumptre, of Great Gransden, has selected a vast variety of

rolled masses derived from almost every known formation in

England. His highly interesting collection, obtained from the

diluvium in the neighbouring district^ may be divided into the



1825.3 Diluvial Fonnatkns^ 83

following classes:— 1. Containing many ancient rocks derived

from doubtful or unknown localities. 2. Many primitive and
transition rocks resembling those existing in situ on the western

side of our island. Some of these which are much rounded
have probably, by an ancient catastrophe, been buried in the

conglomerates of the new red sandstone
;
and afterwards, by

the last catastrophe which has desolated the earth's surface,
been transported into their present situation. 3. A fine series of

specimens of mountain limestone and trap resembling the cor-

responding rocks of Derbyshire and Staffordshire. 4. An
immense number of blocks drifted from the more recent strata.

Out of this class one might select a good series of specimens
characteristic of all the strata of England from the lias to the

chalk. jji; t

Extensive deposits ©f diluvial rubbish similar to those last

described occur in two or three places to the east and south-east
of Cambridge. From the gravel on the top of the Gogniagog
hills, I have found rolled masses of granite and porphyry ;

pebbles resembling those imbedded in the new red sandstone ;

masses of trap and mountain limestone
; and a fine series of

specimens derived from the oolitic formations. Masses of gravel
of a nearly identical character lie scattered over several parts of
the downs of Suffolk and Norfolk.^' We must not imagine that

the instances here given are indications of mere local operations^
The gravel about Cambridge not only agrees in general characr

ter, but almost forms a continuous mass with the beds of gravel
which are spread over many parts of the counties of Bedford-

shire, Huntingdonshire, and Northamptonshire. And the

patches of coarse diluvium which are scattered over the downs,
are connected with a series of operations which have buried

nearly the whole county of Norfolk and the greater part of the

county of Suffolk under enormous masses of diluvial debris.

Effects such as these are utterly beyond the reach of any Ifnown
natural agent. ,, ^ ,

Plains of Cheshire and Derbyshire Hills, Sfc,
'

;

^•''-

11. I intentionally pass over all .details connecteici with the

history of the transported materials in the great plain pfthe new
red sandstone, and shall content myself with stating, that epor-
mous masses of diluvium extend from the base of the great
oolitic terrace through many parts of Leicestershire and Staf-

fordshire, and through almost every part of the , plains of
Cheshire. The diluvial wreck of this region is found at all levels,
for it is seen on the upper part of Charnwood forest as well as in

the neighbouring vaUies
; and transported bowlders of consider-

able magnitude occur at the very top of several parts of the

For some further details connected with this subject, sec Prof, Hailstone's paper in

the Ged, Transag. .vol. iji, p. ^44, .. ;. ,,.;..• .;.^.„,.
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Derbyshire chain which overhangs the great plain of Cheshire.

For example, many large smooth bowlders of primitive or tran-

sition rocks lie scattered over the surface of the ground on both
sides of the high pass leading from Buxton to Macclesfield.

These facts speak the same language with those which I have

already quoted. They show the generality of the causes which
have produced the superficial detritus; ana they prove that their

operations have not been confined to the lower parts of our

island.

Western Moors, Central Plains, and East Coast of Yorkshire,

III. In my former paper I briefly noticed the great accumula-

tion of coarse gravel on the plains which skirt the western moors
of Yorkshire. Had this gravel been formed by a number of

lakes which were once pent up among the mountains, and after-

wards burst their way into the lower regions of the district, we

might expect to find traces of such lakes in the interior of the

moorlands, and distinct heaps of gravel marking the devastations

produced by the discharge of the successive lakes into the plain
of the new red sandstone. We, however, find no indications of

such lakes; and the diluvial rubbish is spread out almost

tmiformly over the central plain by some cause which appears to

have acted simultaneously, and which has left traces of its

operation from the southern extremity of Yorkshire to the mouth
of the Tees.

Every part of the Yorkshire coast and whole neighbouring

region, bears witness to the operation of similar causes. The
numberless valleys of denudation in the eastern moorlands—the

immense accumulation of transported materials on the hills as

well as in the valleys
—the whole contour of the vale of Picker-

ing
—the enormous cap of diluvium containing rounded masses

of primitive rocks many tons weight, and resting on the chalk

hills near Flamborough Head—the external form of the Wolds
—and the continuous m^LSSoi' diluvium extending from Bridhng-
ton to Spurn Head, and from the chalk downs to the sea, are

so many monuments of the gigantic powers which were let loose

upon the world during the epoch of the diluvial gravel. In the

summer of 1821, I had an opportunity of examining all these

phenomena in detail; and I can bear unqualified testimony to the

faithfulness of the descriptions given of them by the author of

the "
Reliquiae DiluviancE."*

The diluvium of Holderness is of great interest, partly from its

immediate connexion with a series of operations which have

affected all the neighbouring districts
; partly also from its occu-

pying the whole line of coast, and from its enormous thickness,

which enable us to examine with detail all the circumstances

• Sec th« «<
BeUquia: Diluviaw,'* pi 191, 194
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appearing to throw light upon its history. In many places
where it occupies a succession of lofty clins, it puts on a rude

appearance of stratification, or at least may be subdivided into

separate masses which possess distinct characters.

The lower part of the cliffs, to the height of about twenty
feet, generally consists of a stiff bluish clay, which in many
places passes into a dark brown coloured loam.''^ Through the

whole of this mass are imbedded an incredible number of smooth
round blocks of granite, gneiss, greenstone, mica slate, &,c. &c.

resembling none of the rocks of England, but resembhng speci-
mens derived from various parts of the great Scandinavian
chain. Irregularly mixed with the preceding are found, in per-

haps still greater abundance, fragments of carboniferous lime-

stone, of millstone grit, of lias, of oolite, and of chalk, torn up
from the regular strata of the country, and driven into their

present situation by a great eastern current which has left its

traces on every part of the neighbouring district. In regard to

the imbedded fragments above-mentioned, two things appear to

deserve notice. 1 . They exist in equal abundance in the upper
as well as in the lower portions of the diluvial loam. This fact,

though difficult of explanation, has been remarked in other simi-

lar deposits, and seems to prove the gigantic nature of the

forces by which the materials have been drifted into their

present position. 2. The bowlders derived from distant coun-
tries are rounded by attrition; but those which are derived from

neighbouring rocks are little altered in form. The hard Norwe-

gian rocks are smooth and spheroidal, but the fragments of
oolite and lias, and still more the fragments of chalk, are often

sharp and angular.
Over the preceding deposit come a set of beds of sand and

comminuted gravel, very variable both in their structure and in

their thickness. They seem to have been formed by a longer
continued and a less violent action than that which produced
the diluvial loam on w^hich they rest.f

Over the sand and gravel we may sometimes find traces of

ancient turf-bogs and of other alluvial deposits, formed in situa-

tions which were once in the interior of the country ;
but are

brought into their present position by the encroachments of the

coast.

•
Large grinders of the mammoth have been found in several parts of this deposit.

-f-
Near Bridlington there is a diluvial covering about sixty feet thick where we may

observe, 1. The clay and loam with large imbedded fragments; '2. The sand and fine

gravel ; 3. Over the two preceding, and immediately under the vegetable soil, a bed

composed of rolled fragments of chalk and of chalk flints ; in some places cemented toge-
ther so as to form a hard conglomerate. This bed is diluvial, and must be ascribed to

the last action of the retiring waters. It may be traced to a considerable height on some

parts of the downs when it rests immediately on the chalk ; and following the inclinatioa

of the ground, it descends towards, and at length covers, the ordinary diluvial deposit!
abovementioned.



dl ^roj. Sedgtvick oni [July;

Lastly, over all the preceding we find in many places a consi-
derable thickness ofblown sand.

Such are the phenomena exhibited in the cHfFs of Holderness.
The masses of transported materials on the top of the Wolds,

and still more the enormous masses which, on many parts of the
coast between Filey Bridge and Redcar, are piled upon the

regular strata to the thickness of 150 feet, admit of the same

general subdivisions as the diluvium of Holderness, and

undoubtedly belong to the same epoch. As we advance towards
the north, the fragments of chalk bea^in to disappear ; and frag-
ments of magnesian limestone and of other rocks derived from
the county or Durham begin to be more abundant.

Conclusions,

The following conclusions may, I think, be fairly deduced
from the facts above stated. 1. 1'he diluvium of Holdernessand
of the whole east coast of Yorkshire, is due to a set of causes
which have acted over the western moors, and over all the great
central

plain
of the county. 2. The diluvial currents which

produced the gravel of Holderness were probably contempora-
neous with other more powerful currents which drove large
masses of primitive rocks from Scandinavia to the plains of

Yorkshire. And it seems probable that the same currents were

contemporaneous with those mighty propeUing forces which
have driven innumerable fragments of the Scandinavian rocks

over the great plains ofRussia, Poland, and Germany.

Diluvium at the Base of the Cumberland Mountains, &^c. Sfc,

IV. During the three last years, I have examined every part
of the great cluster of mountains which is bounded by the

valleys of the Lune and the Eden, and by the western coast

from Moricambe Bay to Solway Firth. On its eastern side, this

region is united with the great central chain of England ;
but on

all other sides through three-fourths of its circumference, it is

skirted by a succession of plains, or lands of low elevation, which
are almost entirely buried under accumulations of diluvial

matter. From the foot of Stainmoor to Solway Firth, through
the whole plain of the new red sandstone, the incoherent mate-
rials under the vegetable soil are spread over the greater part of

the surface, and are often of such an enormous thickness as

entirely to conceal all the subjacent strata. These accumula*

tions are not partial or irregular ;
but seem to have been rolled

out over the surface of the country by an inundation which
acted at one moment over the whole district

;
and like all simi-

lar deposits, they contain an incredible number of large bowl-

ders, principally derived from the neighbouring mountains.
^ Qft approaching that part of the plain which borders on the

northern extremity of the hilly region, we meet with pebbles and
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bowlders which have been drifted across the Firth from the rocks

of Dumfriesshire
;
and in the diluvium still further to the south-

west, near the termination of the new red sandstone at Maryport,
the imbedded fragments of the transition rocks of Cumberland
become rare in comparison with the bowlders derived from the

opposite coast of Scotland. In the diluvial rubbish capping a
Jiill near Hayton Castle, about four miles north-east of Mary-
port, I found some large granitic bowlders resembling the rocks

of the CrifFel. Among them was one spheroidal mass, the

greatest diameter of which was ten feet and a half long, and
the part which appeared above the ground was more than four

feet high. -^

From Maryport to St. Bees Head, the cliffs are occupied by ft

succession of coal strata ;
and the diluvial phenomena, though

of constant occurrence, present nothing worth remarking in this

place.
A West Coast of Cumberland,

From St. Bees Head to the southern extremity of Cumberland,
the region bordering on the coast is formed of one almost conti-

nuous mass of diluvium^ interrupted here and there by low hills

of blown sand, and by other recent formations. In this part of
the county, the cliffs are of a deep red colour, caused by the pre-
sence of innumerable imbedded fragmelits of the subjacent new
red sandstone. With these fragments, bowlders of granite, por-

phyry, and greenstone, are scattered through the whole diluvial

covering; sometimes in such abundance as to give it the appear-
ance of a true conglomerate ; especially in places where, by the

infiltration of a new cementing principle, the whole mass has

begun to assume a coherent form.*

Some of the granite blocks imbedded in the chffs are of great

magnitude. In the diluvial cliffs near Bootle, I found one of a
rude prismatic form which was twelve feet long, six feet wide,
and five feet and a half high. All specimens of this kind of rocfc-

have been drifted to the coast from the granitic region which
extends from Wastdale foot, through Muncaster fen to the

neighbourhood of Bootle; and occupies a part of Wastdale

Head, and all the lower parts of the valleys of the Mite and the

Esk.
Diluvium of Low Furness.

If we cross the estuary of the Duddon to the shores of Low
Furness, we find an exact repetition of the phenomena we have

* When these diluvial conglomerates are not seen in situ^ they may be separated
from the older conglomerates by the freshness of their imbedded pebbles. Fragments
imbedded in tlje older conglomerates are generally in a state of decomposition, which

appears frequently to originate in a similar cause to that which so often produces decom-

position in crystals after they have become coated over by a deposition of newer crystal-
line matter.

' *

,-, , . ^
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left behind. All the country bordering on the western shore is

covered by an enormously tnick deposit of red coloured diluvial

gravel containing innumerable rolled fragments of rocks derived

from every part of the lake mountains
;
and all the neighbouring

islands are composed exclusively of the same materials. A
rolled mass of Lskdale granite, which had been imbedded in

the highest portion of the diluvial cliff near Rampside, fell

down upon tne strand in the year 1822. It rose nine or ten

feet above the rubbish in which it was at that time partially
buried. At the base of the cliffs of the isles of Barrow and

Foudrey, among innumerable bowlders of granite, and of other

Cumberland rocks, were some specimens of a beautiful variety
of compact felspar which I afterwards found in situ near the top
of Sea-fell and bow-fell.*

In places where the inferior strata are so completely concealed
it is impossible to ascertain the whole thickness of the diluvial

covering. In many parts of Low Furness, it must, I think, be

considerably more than 100 feet. Near Newbiggin, where they
were searching for coal in the year 1822, they passed through
60 feet of diluvial loam before they reached any rock in situ.

The phenomena above described have obviously been caused

by a violent rush of descending waters. Whatever forces may
have put these waters in motion, it is, 1 think, obvious, from the

facts already stated, that they have not acted partially, but
have swept over the whole cluster of the neighbouring moun-
tains.

Diluvial Deposits in the Mid Region of the Mountains, S^c,

V. If the accumulations of diluvial gravel, such as have been
last described, were produced by descending currents which

brought fragments of rock down from the very crests of the

neighbouring mountains
;
we may expect to find some traces of

such currents in the mid regions of the district between the

highest elevations and the surrounding plains. In such situa-

tions, for obvious reasons, we must not look for those accumula-
tions of diluvial loam which are extended over the lower country.
The transported materials will only find a partial lodgment, or

will appear in the form of scattered bowlders which the propel-

• The direction in which the diluvian currents hare swept over the western coast of

C'umberland, is plainly indicated by the immense accumulations of bowlders of Eskdale

granite in Ijow Furness, and in the whole cluster of the neighbouring islands, and would
lead us to expect the appearance of rolletl masses of the same variety of rock on the

plains of Lancashire. Prof. Buckland states (Reliquia? Diluviame, p. 199), that they
have been drifted in great numbers over the plains of Lancashire, Cheshire, and Stafford-

shire. In a description given by Dr. Hibbert, in tljc Edinburgh Journal of Science for

last April, of an interesting diluvial deposit containing granite bowlders which occurs

near Manchester, it is conjectured that the transported blocks are derived from the

granite of Dufton near Appleby. Had the author been acquainted with the facts

detailed above, he would probably have referred the bowlders in qaestion to the Eskdale

granite.
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ling currents have left behind. Such is the case in the mid

region of the lake mountains, where innumerable scattered bowl-

ders give the clearest indications of the force and ofthe direction

of the torrents which have swept over it. Any thing like a

reijular history of such phenomena would lead me into endless

derails. One or two facts bearing upon the subject will be

enough for my present purpose.
1. On the granitic hills which extend from Bootle into Eskdale

are many large bowlders derived from various parts of the green
slate formation. Among the rest are some specimens of a

striped hornstone, identical with the rocks immediately under
the crest of Sea-fell, the highest mountain in Cumberland.
These blocks are at present separated from the parent rock by
the deep valley of the Esk.

Carrock Bowlders.

2. Millions of large bowlders He scattered over the hills

which form the north-west boundary of the mountainous region ;

but they are seldom sufficiently characteristic to enable us to

determine the exact spot from which they have descended. The

syenitic blocks of Carrock-fell, principally composed of hyper-
stene and compact felspar, may, however, be traced from the

diluvial loam and gravel of the plains, through the valleys and
over the hills of the mid region, to the very foot of the parent
rock. On the side of High Pike (near the path leading from
Nether-row to the lead mines) are innumerable bowlders of the

Carrock syenite. The largest (which is known in the country
by the name of golden rock) is 21 feet

lon^,
more than ten feet

high, and about nine feet wide. The back of Carrock, where
the same kind of rock exists ifi situ, is about two miles distant

from the great bowlder, and is at present separated from it by a

deep valley.
3. Rolled masses of the porphyry of St. John's vale almost

cover the groxmd near Penruddock, and from thence follow the

course of the valleys of denudation which descend into the

Eamont. Blocks derived from a dyke of beautiful red porphyry
which traverses a part of the ridge to the west of Thirlmere, are

found scattered about on the lower part of the hills near Keswick.

Shap Granite.

'• 4. Spherical bowlders of shap granite occur in great abun-
dance on the calcareous hills south of Appleby. Among
them I found one or two which were about twelve feet in diame-
ter. On the south side of the calcareous zone, the granite
blocks are incomparably more abundant

;
and on approaching

WastdaleHead (a few miles south of Shap), where the granite is

in situ, they literally cover the ground. Near Shap Wells there

is a rolled mass of granite fifteen feet long, ten feet wide,, and

eight feet high.
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Bowlders on Kendal Fells, 8^c,

5. Equally striking examples may be found on the south side

of the mountainous region. On the flat tops of the tjalcareoua

hills on the west side of Kendal are many rounded blocks, appa^
rently drifted from the green slate formation at tlie head of Kent*
meer and Long Sleddale. These calcareous hills are now
separated by deep valleys from every part of the slate formation.

Similar phenomena appear on several parts of the mountains
between Kendal and Sedbergh, and among the rolled masses
are a few bowlders of shap granite. The instances now given
are sufficient for my present purpose ;

for they completely bear

out the observations by which they were preceded.

Proofs of Diluvian Action 4it the Tops of the Mountains.

VI. It is stated by Buckland (ReliquicE DiluviancZy p. 221),
'^ that all mountain regions he has ever visited bear, in the form
of their component hills, the same evidence of being modified

by the force of water, as do the hills of the lower regions of the

earth." My own observations, as far as they ga, confirm the

truth of this remark. Some of the highest mountains of Cum-
berland and Westmorland, which consist of a soft decomposing
slate, are as plainly modified by the action of denuding currents

as any of the secondary ridges of our island. We must, however,
remember that the earth's surface has been ravaged by the action

of water during several distinct catastrophes, and that the pre*
sent modifications in the form of some of our mountain chains

mauj therefore, have been effected during some epoch long ante-

cedent to that of the diluvial gravel. To prove that the floods

which produced the superficial gravel have swept over the tops
of the highest mountains, requires, therefore, more direct

evidence tlian that which is afforded by the external forms of

the mountains themselves.* T think it has already been proved
that diluvian torrents have swept over every part of the Cumr
berland chain

;
because we find water-worn masses, derived froni

the highest elevations of the country, imbedded in the diluvial

loam which covers ahnost all the neighbouring plains; and
because we find large bowlders of the same rocks scattered over

many parts of the mid region of the mountains, in situations to

which they could never have been drifted |by any less powerful
agent than that to which they have been ascjiibecl. I may also

pbsferv^ that the bowlders in question, at whatever elevation, are

all ih the sJame state of
preservatit^n,

and all appear, as far as we

cawjudg^ frbm their
Wxtfe^'iiial chdi^cters, to have beeh produced

dtwe BatWf^^enbcft.
' M' '*'' '^'''' ^'"'

''.

'

' ' " ~'

'Mftiitting th^^iketHh^tth^ Wate^'dfd^ WiirAinddtion have

"
• ft>r the direct evidence oft^red on this subject by Prof, feuckland, see the ** jK*/»>
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swept over some of the highest elevations of the earth, it is still

obvious that true diluvial deposits must necessarily be of rare

occurrence near the crests of mountain chains. On this account

I thought myself fortunate in being able to discover two or

three examples of such deposits among the mountains of Cum-
berland.

Sea-fell,

1. In the deep water-worn channels which descend from Sea-

fell towards BurnmoorTarn, are great accumulations o{ detritus,

which, when I visited the spot in 1822, I considered to be

undoubtedly diluvial. These accumulations are apparently
connected with the transported blocks which are scattered over

the ground between Barnmoor Tarn and Wastdale Head, and

exactly resemble the detritus which still further down is accumu-
lated in the valley of the Mite.

Ridge, near Red Pike.

2. On the very top of the lofty ridge which separates the

valleys of Ennerdale and Buttermere, are most striking and

unequivocal proofs of the action of diluvian torrents. Between
Red Pike and Ennerdale Scaw, the top of the ridge is partly

composed of syenite, and partly of a soft variety of clay slate.

A smooth round-topped hill (called Starling Dod), composed of

the soft slate, forms the highest part of the crest between the two
summits before-mentioned. I was persuaded, before I ascended
this hill, that its singular form must have been produced by. the

action of water; and on reaching its summit, which is about
2500 feet above the level of the sea, I found it covered with
water-worn bowlders of red syenite and other rocks drifted

from the more lofty eminences of the same ridge, near Red Pike.

The same kind of bowlders are found near the top of Mellbreak,
a mountain which overhangs the west side of Crummock lake

;

and they may be traced on the sides of the water-worn hills, ancj

down the valleys which communicate with Loweswater and
Grummock foot

;
and from thence the descending currents have

drifted them into the lower regions of the district where they are

mixed with the diluvium of the plains,

Borrowdale Fells, ^c.

3. JSTear the top of Glaramara, one of the mountain crests of

Borrowdale, and at the back of the Hay Stacks, near the top of
the ridge between Ennerdale Head and Buttermere, I saw seve-
ral bowlders which had been caught among the serrated edges
of those rugged elevations. The transported blocks were not
of a kind to enable one to point out the spot from which they
had been drifted ; but tlieir presence was enough to demonstrate
the former action of violent disturbing forces which had affected
the highestppm^lj^^^pf t}iQn^0^tti,t?^ fegiOn*
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To account for such phenomena as those above described, by
the bursting of lakes, of the existence of which we have no

proof; and which, had they ever existed, could only have
existed at much lower levels, would be to adopt an hypothesis
contradicted by the very facts which it is intended to explain.
The condition of the transported blocks, their association with

others which have descended into the raid region, and their

identity with many other masses which are imbedded in the

diluvium of the plains, forbid us to ?iscribe their appearance to

any of the more ancient catastrophes in the physical history of
the earth. The conclusion then to be drawn from them is

obvious, and is in accordance with the other facts which have
been stated in this paper.

Directions in which the Shap Granite has been drifted.

VII. The great uniformity in the mineralogical character of

the rocks in many parts of Cumberland^ often prevents us from

ascertaining the direction in which the diluvial bowlders have
been drifted from their native beds. This difficulty we do not

meet with in following the blocks of Shap granite, as they can-

not be confounded with any other rocks in the north of England.
It has already been stated that they almost cover the ground in

many places near Shap ;
and that they have been lifted over the

escarpment of the carboniferous limestone, and drifted over the

hills near Appleby. I may now add, that they have been scat-

tered far and wide over the plain of the new red sandstone—
that they have rolled over the great central chain of England
into the plains of Yorkshire—that they are imbedded in the

diluvium on both banks of the Tees—and that a few stragghng
blocks have, if I mistake not, found their way to the eastern

coast.

The passage of the same kind of granitic blocks into the

valley of the Kent is, if possible, still more difficult to explain

by the operations of any known agent. For the granite only
exists in situ on the very outskirts of the mountain group^ and

almost abuts against the calcareous zone near Shap wells. Yet

a set of gorges have been opened out of the higher and more

central parts of the group, through which the granite bowlders

have been driven (in a direction
exactly opposite to that in

which they have been already traced), and from which they have

not only descended in great abundance into the valley of the

Kent, but have also been drifted into a part of the ridge between

the Kent and the Lune. With these remarks on the extraordi-

nary directions in which masses of Shap granite have been

dnfted from their native bed, I terminate my observations on the

position
and extent of the masses of incoherent detritus which

fie scattered over many parts of our island.
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Concluding Hemarks.

As the general result of the facts detailed in this and the pre-

ceding paper, we may conclude—that the floods which produced
the diluvial detritus swept over every part of England

—that they,

were put in motion by no powers of nature with which we are

acquainted —and that they took place during an epoch which'

was posterior to the deposition of all the regular strata of the

earth, and prior to all known accumulations of alluvial matter.

,, We have evidence enough to justify us in extending the same,

conclusions to every part of the European basin, and there is

some evidence which makes it probable that they may be

extended to the remotest parts of the earth's surface. Indeed

the mighty disturbing forces which produced the accumulations

of diluvial detritus between the western extremities of Europe
and the central plains of Asia, must probably have acted with

sufficient energy to leave some traces of their power over every

quarter of the globe. On the continent of America the succes-

sion of formations seems to be very nearly the same with that of

our own country ; and over all the regular strata, there occur in

many places alluvial and diluvial formations in every respect like

those of Europe. It is, therefore, to say the least of it, probable,,
that the diluvial phenomena of Europe and America belong to

the same epoch.
The actual duration of the diluvian era, it is of course impos-

sible to ascertain
;
for as the powers of the agent are unknown,

it is obviously impossible for us to form an estimate of the time

which was necessary to the production of such effects as are

visible on the earth's surface. The facts which have^ been
detailed seem, however, to make it probable that the floods

which produced the diluvial gravel were sudden and transient.

In the present state of our information, we have certainly no
evidence to prove that all the highest elevations of the globe
were submero;ed bv the diluvian waters ; for the form of the

great mountain chains may have been produced by some more
ancient catastrophe, and we have no right to assume the exist-

ence of diluvial detritus in parts of the world which have not
been examined, or which are inaccessible. We have, however,
direct evidence to prove, that the diluvian floods acted on some
of the highest points of Europe, and it is probable also that they
have acted on some of the highest parts of Asia.

As we are unacquainted with the forces which put the dilti-i.

vian waters in motion, we are also, with very limited excep-^
tions, unable to determine the directioa in which the currents have
moved over the earth's surface. Many parts of the north of

Europe seem to have been swept over by a great curreiit which'
set in from the north. In some parts

of Scotland thera has be^.n
'New Series, vol. :??.

•
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a great rush of water from the north-west.* The details given
above, show that the currents which have swept over different

parts of England have not been confined to any given direction.

It
may, perhaps, be laid down as a general rule, that the

diluvial gravel has been drifted down all the great inclined

planes which the earth's surface presented to the retiring waters.

That the details given in the preceding papers tend, as far as

they ^o,
to confirm the general argument of Buckland's

*'

Keliqum Dihiviana " cannot admit of doubt. Indeed, the

facts brought to light by the combined labours of the modern
school of geologists, seem, as far as I comprehend them, com-

pletely to demonstrate the reality of a great diluvian catastrophe

during a comparatively recent period in the natural history of

the earth. In the preceding speculations, I have carefully ab-

stained from any allusion to the sacred records of the history
of mankind

;
and 1 deny that Professor Buckland, or any other

practical geologist of our time has rashly attempted to unite the

speculations of his favourite science with the truths of re-

velation .f
' The authority of the sacred records has been estabhshed by
a great mass of evidence at once conclusive and appropriate ;

but differing altogether in kind from the evidence of observa-

tion and experiment, by which alone physical truth can ever

be established. It must, therefore, at once be rash and unphi-

losophical to look to the language of revelation for any direct

proof of the truths of physical science. But truth must at all

times be consistent with itself. The conclusions established on
the authority of the sacred records may, therefore, consistently
with the soundest philosophy, be compared with the conclusions

established on the evidence of observation and experiment ;

and such conclusions, if fairly deduced, must necessarily be in

accordance with each other. This principle has been acted on

by Cuvier, and appears
to be recognized in every part of the

"
Reliquia Diluviana.^' The application is obvious. The

sacred records tell us—that a few thousand years ago
" the

fountains of the great deep were broken up
"—and that the

earth's surface was submerged by the waters of a general deluge ;

and the investigations of geology tend to prove that the accu-

mulations of alluvial matter have not been going on many
housand years ;

and that they were preceded by a great ca-

tastrophe which has left traces of its operation in the diluvial

detritus which is spread out over all the strata of the earth.

• This is proved in an original and excellent paper, published by Sir James Hall,

in the Transactions of the Royal Society of Edinburgh, vol. vii.

See also the "
Religuus Diluviance" p. 201—203.

•f See the Edinburgh Philosophical Journal, No. 22, p. S0\,
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Between these conclusions, derived from sources entirely in-

dependent of each other, there is, therefore^ a general coinci-

dence which it is impossible to overlook, and the importance
of which it would be most unreasonable to deny. The coin-

cidence has not been assumed hypothetically, but has been

proved legitimately, by an immense number of direct observa-

tions conducted with indefatigable labour, and all tending to

the establishment of the same general truth.

APPENDIX.

[The following account of the drainage of a part of the fert

lands bordering on the Wash of Lincolnshire, is principally

abridged from Dugdale on ** The History of Imbanking and

Drayninge," chap. 54
;
and from " Badeslade on the Naviga-

tion of King^s-Lynn, and of Cambridge." It was intended to

appear in the form of a note to the fifth section of a paper in

the Annals of Philosophy for April last
;
but it was not trans^

mitted to the Editors in time for the press.]

A short account of the drainage of a part of the fens, bor-

dering on the Wash, during a period within the reach of au-

thentic records, will explain and confirm the assertion in the

text.^ In the early parts of that period, the drainage was effected

in the following manner : 1 . By the channel of the Witham,,
which had nearly the same course which it has at the present
time. 2. By the Welland, which, after descending by Stam-

ford, Crowland, and Spalding, united with the waters of the

Glen in the estuary, north of Holland-fen. 3. By the Nene,
which, after passing Wansford and Peterborough, descended

by Whittlesea-meer, Ugg-meer, and Ramsey-meer to Benwick,
where it was joined by the Old West-water, one of the branches

of the Great Ouse ;
from Benwick it flowed on the north side

of March and Doddington (which stand, if I mistake not, on low
diluvial hills) to Upwell, where it was joined by the Welney
river, then the principal branch of the Great Ouse

;
and fron^

Upwell the united waters proceeded directly to Wisbeach,

anciently called Ousebeach. 4. By the Great Ouse, which,
after passing Huntingdon and St. Ives, descended to Erith (a
small village at the SW. end of the old and new Bedford

rivers) when it divided into two branches. One called the Old
West-water ran to Benwick, as before stated, and there united

with the Nene. The other branch, now called the Old Ousq^

(sometimes erroneously marked as the Old West-water), de-

scended by Cottenham fen, and was joined by the Cam a few

miles above Ely. After passing Ely, it was joined by the Mil-

denhall river ;
and it then passed, by the way of Littleport and

* See AnmU for April, EiUtor's note, sect. 5.

D 2
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Welniey, to Upwell; where (as above stated) it joined the

waters of the Nene and descended to the sea at \¥isbeach.

5. By the Little Ouse (then a very inconsiderable river),

which (after passing Brandon, and being joined by some small

tributary streams from the Norfolk side) fell into the sea a-

Lynn. In the preceding account, all the old artificial drains,
and several minute bifurcations of the rivers, after they reached
the alluvial delta, are intentionally omitted.

As early as the twelfth century, the accumulations of alluvial

silt near the mouths of the Welland and the Nene, caused a

great back-water; and in the early part of the thirteenth

century (by the great rise of the fen lands near the coast) the

out-fall of the waters by some of the old channels entirely failed.

During this time, the bed of the Little Ouse, not having been
silted up in the same manner, was much below the mean level

of the alluvial delta, extending through the mouths of the other

rivers above mentioned
;
and a great drain was consequently

cut from Littleport Chair to Rebeck, making the first direct

communication between the Great and Little Ouse. The effect

was exactly what might have been anticipated. The waters

which had been pent up at a higher level descended with irre-

sistible force through this new drain into the channel of the

Little Ouse, and so escaped into the sea at Lynn. About this

time the out-fall at Spalding had so completely failed, that the

waters of the Welland found their way through the Catswater

into the Nene
;
and a new direction having been given to all

the currents, in consequence of the channel which was now

opened below the level of the ancient out-fall at Wisbeach,
the united waters of the Nene flowed back into the Great

Ouse through the Old West-water, through the Welney branch,
and through all the other cross drains of the country ;

and were

then conveyed by the new communication into the Lynn river.

In this way, for many years, nearly all the Avaters of the alluvial

delta, south of the Witham, found their way into the sea at

Lynn : and the river, which had formerly run between banks
which were not more than twelve perches asunder, was, after

the changes above described, more than a mile wide.

Many attempts were made to prevent this great discharge
of waters through the Ouse. In the year 1292, several dams
were constructed near Upwell, to prevent the influx of the

Nene. But they produced such ruinous effects on many parts
of the marsh lands, and on the banks of the Ouse as far as St.

Neots, that in 1332 they were ordered to be destroyed. For

many years afterwards, the great drainage of the delta was
effected nearly in the manner above described.

In the year 1490, the discharge by the Ouse was partially re-

lieved by a great cut (called Morton's Learn) from Peter-

borough to Guyhirn near Wisbeach. This was intended to
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convey the waters of the Nene direct to their old channel at

Wisbeach, but was never entirely effective before the year
1638: when Vermuyden, under King Charles I. erected high
banks on each side of the Learn, and opened out a channel to

the sea. Since that time the Nene has continued to flow down
to the sea by Wisbeach.

Notwithstanding the indirect nature of the new drainage
which conveyed the waters of the Welland, the Nene, and the

Ouse, into the sea by the Lynn channel, the fens appear for

many years afterwards to have been in a good condition ;
a fact

which can only be explained by the low level of the great out-

fall. In course of time, however, the new channels began to

silt up, and new works became necessary. Of these works,
the old and new Bedford rivers were the most important, ex-

tending from Erith to Salters Lode, a distance of about twenty
miles. Soon after the year 1648,when the new Bedford river was

completed, the waters of the Ouse were shut out by a sluice at

Erith from their old channel, so that they did not mix with the

waters of the Cam and its tributary branches, till they had
been conducted by the new drainage to Salters Lode. These
new works appear from the first to have been injurious to the
natural drainage of the Cam; for the floods of the Ouse by the
new passage reached Salters Lode much sooner than the floods

of the Cam
; moreover, the bottom of the new Bedford river

was about eight feet above the bottom of the old Ouse. On
both these accounts, the banks of the Cam were perpetually
flooded by the back-waters of the Ouse. One great flood of

the Ouse in 1720, is said to have backed up the Cam for twenty
days, and to have silted up a part of the old channel below

Ely, to the thickness of three or four feet. These ruinous effects

have been partly counteracted by the erection of different

sluices ; which, although affording a cure for an immediate evil,

have ultimately produced the very evil they were intended to

remedy ; for, partly by their agency, the whole bed of the Cam
is now silted up to the level of the Bedford rivers.

If such extraordinary effects as those described in this note

be produced by the accumulation of alluvial matter in course

of a few hundred years, we may be well assured that the whole
form of the neighbouring coast must have been greatly modified

by the same causes acting without interruption, and without any
modification from works of art, for 3000 or 4000 years.
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Article V.
Corrections in Right Ascension of 37 Stars of the

Catalogue. By James South, FRS.
Greenwich

Mean AK^
y FcKttsi
K lU. 8.

) 4 14-20

it

July 1

2
3
4

5
6
1

. 8
9

IQ
11

12
IS

14

15
16
17

18
19
20
21

22
23
S4
25
26
27

28
29
SOI

31

Aug,
1

3
4
6
6
7

8
9

10
1

121
13
14
15
16
17

18
19

20
21

22
23
24
25
26
27
28
29
30
31

2-84'

87
90
94
97

3-00
03
07
10
IS
16
19

22
24
27
SO
33
36
39
42
45
47
50
63
56
59
61

64
67

69
72
74
77

79
82
84
87

89
92
94
97
99

4-01

OS
05
07
09
11

13

15
17

18

20
22
24
25
27

29
31

32
34
35

Polaris
h. m. s.

U 68 17-50

* Arictis

1 57 ly 77

+ 11-49'

12*29

13 09
13-88

1469
15-49

16-30
17-11

17-91

18-70

19-49

20-28
2107
21-86
22-67

23-47

24-28

25«09
25-89
26-60
27-43
28-21

28-98

29-75

30-52
31-28

32-05

32-81

33-58

34-31

35-04
35-77

36-50

37-23
37-95

38-68
39-40
40-13

40-85

41-53

42-20
42-88

43-56
44-23

44-88

45-53
46-18

46-83
47-48
48-08
48-68

49-27

49-87

50-47

5i-05

51-63

52-22
52-80

53-38

53-89

54-40

54-92

a Ccti
h. in. 8.

•J 63 8 58

Aldebiiruti

h. m. 8.

,4 25 5.-1-44

2-41
44
47
51

54
67

60
64
67
70
74
77

80
83
87
90
93
97

300
03
06
10

13

10

19

22
26
29
32
35
38
42
45
48
51

54
58
61

64
67

70
73
76
79
82
85
88
91

94
97

400
02
05
08
11

14

17

20
22
25
27
SO

1-93"

96
99

2-01
04
07
10

13
16

19

22
25
28
31

34
36
39
42
45
48
51

54
57

60
64
67
70
73
76
79
82
85
88
91

94
96
99

3-02

05
08
11

14
17

19

22
25
28
31
S4
37
39
42
45
48
50
53
65
58
61

64
66

CapcUa
h. in. 8.

a 46-Gl

1-79"

81

84
87

89
91

94
96
98

2-01

03
06
09
12
14
17

20
22
25
28
31

34
37
40
42
45
48
61

54
57

60
63
66

68
71

74
77
80
83
86
89
92
95
99

3-02
05
08
11

14

17

20
23
26
29
32
35
38
41

44
47
50
53

Higcl
h. «i. s

5 6 8-0

+ 2-06"

09
12
14

17

20
23
25
28
31

34
38
41

44
47

50
54
57
60
64
67
71

74
78
81

85
88
92
95
99

3-02

06
10
14

17

21

24
28
32
36
40
44
48
53
57
61

65
69
73
77
81

85
89
93
97

4-01

05
09
14

18

23
27

$ Tauri
h. m. 8.

5 15 14-29

> Orionis
h. m. 8.

5 45 42-18

1-23'

25
27
29
31

33
35
37
39
41

43
46
48
50
52
54
67
69
61

63
66
68
71

73
75
78
80
83
85
88
90
93
96
98
01

04
06
09
11

14
16
19

21

24
27
29
32
35
38
41

44
46
49
52
64
57

60
62
66
69
72
•75

1-83"

85
87
90
92
94
97
99

2-01

04
06
09
U
14
17

19
22
24
27
30
32
35
38
41
44
46
49
62
55
58
61

64
67

70
72
75
78
81

84
87

90
94
97

3-00
03
06
10

13

16

19

23
26
29
32
36
39
42
46
49
52
56
59



um Thirf^'Seven Principal StarSf .39



4q Corfectiom in Right Ascension of pcLY,



1825.] Thiriy'Seven Principal Stars. 41



42 Coireciions in Right Ascemoti of fJuLY,

Mean AR \
1825. i

SepU 1

2
3
4
6
6
7

8
9
10

12
IS
14
15

16
17

18
19
20
21

22
23
24
25
26
27
28
29
SO

y Pegnsi
j

Polaris

h. m. s. h. m. 8.

4 14-2)0 S« 17-60

4S«''

38
S9
41

42
44
45
46
47
48
49
50
51
52

i

53
54
55
56
57
57
58
59
60
60
61

61

62
62
63
63

3 Afietis a Ceti

h. in. E.

1 67 J9-:

Ii. m. 8.

2 63 8-58

Aldebarau

h. m. 8,

4 26 63-44

+ 55-43"
55-94
56*41

56-87

57-34
57-81

58-27

58-67

59^08
59-48

59-89
60-29

60-65

61-02

61 '38

61-75
6211
62-40
62-69
62-99

63-28

63-57

63-80

64-03
64-27

64-50

64-73

64-90

65-07

65-23

+ 4-32"
35
38
40
43
45
47
49
51

54
66
58
60
63
65
67
69
71

73
75
77

79
82
84
86
88
90
92
94
95

+ 3 72"
75
77
80
83
85
88
90
92
94
96
98

4-00

02
04
06
08
11

13
16

18

21

23
26
28
31

34
36
38
40

+ 3-50
59
62
65
68
71

74
77

83
86
89
92
95
98

4-01
04
07
10
13
16
19

22
24
27

30
33
36
88
40

Capella Rigel

h. m. 8. h. m. 8.

5 3 4ti-61 5 6 8 005

4-32"

36
40
44
49
53
57
61

65
69
73
78
82
86
90
94
98

5-02
06
10
14
18

23
27
31
35
39
43
47
51

+ 2-78"
80
JB3

86
89
92
95
98

8-00

03
06
09

14
16

19
22
25
28
SO
33
36
39
41
44
47
50
53
55
58

(STauri

h. m. 8.

15 14 2̂95

+ 3-63''

66
69
73
76
80
83
86
90
93
96
99

4-03

06
09
13

16
19

23
26
29
32
36
39
42
46
49
52
55
59

a Orionis

h. m. R.

45 42-18

2-94"

96
99

3-02
05
08
11

14
17
19

22
25
28
30
33
36
39
42
45
48
51
54
57
60
63
66
69
72
75
78
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Article VI.

Astronomical Observations, 1825.

By Col. Beaufoy, FRS.

Bushey Heathy near Stanmore,

Latitude 6P 37' 44*3" North. Longitude West in time 1' 20«93".

May 31. Lunar ecHpse \^^[ \l^ f?' 53 7 Mn.T. atBushey. Shadow iU defined.

Observed Transits of the Moon and Moon-culminating Stars over the Middle Wire of

the Transit Instrument in Siderial Time.

1825. Stars. Transit.

May 28.—t Virginis 13h 17' 32-37"

28.—Moon's First or West Limb .... 1 3 26 37-69

28.—89 Virginis 13 40 26-31

29.—317 Virginis 14 01 21-77

29.—22 Virginis 14 05 50-19

29.—38 Solitaru 14 09 02-69

29.—116 Virginis 14 25 04-69

29. —Moon's First or West Limb. ... 14 26 36-41

29.—2l2Libr» 14 47 19-70

30.—19 Scorpii 15 06 20-03

30.—91 Libra 15 21 44-30
30.—Moon's First or West Limb 15 28 51-60

30.—SScorpu 15 50 04-14

30.— to'' Scorpii 15 56 39-14

31.—SScorpii 15 50 04-40

3 l.__K,» Scorpii 15 56 39-42

31.—oScorpii 16 10 11-8S

31.—^ Scorpii 16 15 10-96

31 i Scorpii 16 18 40-18

31.—trOphiu 16 21 51-02

3 1 .—Moon's First or West liimb 16 32 1 8-56

31.-24 Ophiu 16 46 20-53

31.-39 Ophiu 17 07 25-46

31.—eOphiu 17 11 21-03

31.—ftOphiu 17 15 4608
3|._e« Ophiu 17 20 49-35

Article VII.

JExplanaiion of the Theory of the Barometrical Measurements of
Heights.

{Continuedfrom vol. ix. p. 438.)

Ofthe Density ofAqueous Vapour in a Vacuum,

Having filled the lower division (or reservoir) W, of the

cylindrical vessel C with perfectly jp/zre water, close tlie aperture

JT, by screwing inwards the stopper S. The upper division V



1825.] Explanation of the Theory, S^c, 45

H

V

05

3^C

ysr

^T

^

beinff a vacuum, and quite dry, affix

within it by means of the clamp T,

at any height above x, the cylindrical

weight, or piston, P, of the specific

gravity of mercury at 32° Fahr. and

restore the communication between

the water and the vacuum by un-

screwing the stopper S. (22.) The

temperature of the two divisions

being preserved uniformly and con-

stantly at 50° F. the elastic vapour
emanating from the liquid will ascend

through the aperture x, and instan-

taneously fining the chamber V, will

press therein in every direction with

a force determined solely by the

temperature. The vertical height of

the piston being 0*4 in. we may
unclamp it, and although suffered to gravitate freely, it wilt

continue perfectly stationary :
—a column of mercury at 32° F.

and of the height of 0*4 in. forming an exact counterpoise to the

force, tension, or elasticity, of aqueous vapour of the temp, of

50° F.

(23.) Provided the temperature of the space continue at

50° F. the tension of the vapour therein will not be affected by
an augmentation of the temperature of the liquid in W.

(24.) The weight (height) of the liberated piston being dimi-

nished in any ratio, the excess of force of the vapour would oblige
it to ascend until the elasticity of the vapour, decreasing as the

volume augmented, would merely support the reduced pressure;
but being sustained at its initial force as the space increases, by
continued supplies from the reservoir of water, it will succeed,,

if not prevented, in forcing the piston completely out of the

cylindrical vessel C.

(25.) If we increase in the least degree the compressing

weight, and suffer it to gravitate, the whole of the vapour will

be condensed, and regaining in its liquid state the reservoir W,
will allow the piston to descend to x.

(26.) Repeating our first experiment with a pressure equal to

the force of the vapour, if we compel the piston to descend by

degrees, we shall find that as the space diminishes, the vapour

occupying that space will be liquefied without affecting in the

least the force of the residue. The piston will consequently
remain stationary every time we abandon it solely to its own

gravitating force.

(27.) If we diminish in any degree the temperature of the

space containing the vapour, a portion will repass to the liquid

state: th^ elasticity of the remainder will be reduced, and
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become the same as though it had been formed in that diminished

temperature.

(28.) The chamber V being saturated with vapour of any
elasticity, cut off the communication with the reservoir W, by
means of the stopper S. The piston having a pressure equal, or

superior to the force of the vapour, will, in the former case,
remain stationary on being liberated : on the latter supposition,
it will descend,Mas before, to Xy liquefying the whole of the

vapour. 1 M'^ )\v\vvu\ .y-Tpv
(^

(29.) The pressure being inferior in any ratio to the force of

the vapour, the volume of the vapour will be augmented, and
its elasticity and density diminished in the same proportion.

(30,) The vapour not being in contact with the generating
liquid, and supporting any pressure whatever, will have its

volume augmented on being exposed to superior temperatures,
at the uniform rate of -^^-^ per degree from 32° F.

;
whence its

diminished density and increased elasticity may be easily calcu-

lated. In this, and in the preceding case, the space containing
tlie vapour is said to be but partially saturated.

(31.) It is inferred from tne experiments of Gay-Lussac that

aqueous vapour is specifically lighter than dry air of equal elas-

ticity and existing in the same temperature, very nearly in the

ratio of 5 to 8. Ihe temperature of the vapour of the experi-
ments being 100° C. (some little inferior to 212° F.) in order to

prevent the possibility of any portion of the Hquid, of which the

weight had been previously ascertained, remaining unevaporated,
which might have occasioned the grossest errors, the pressure
was slightly reduced, so as not to be fully equal to the tension

of the vapour, or to 30 inches. Saussure, as well as Watt, had
before estimated the difference to be as that of 6 to 7, but as the

experiments of Gay-Lussac were made under greater advantages,
and subsequent to the discoveries of Dalton, they are undoubt-

edly entitled to the preference. We should, however, remark,
that Laplace and Biot have made use of the ratio of 5 to 7 in

their barometrical investigations.

OfAir containing aqueous Vapour*

The chamber V containing perfectly dry air of an elasticity

equal to the pressure of the gravitatmg weight P, secure the

latter by means of the clamp T, and effect a communication
between the dry air and water of the reservoir W, by unscrew-

ing the stopper S. 'f Oil i i^nij')!.
-m\ tiff 10 a ;du ^f 5J

\Z2.) Vapour of a force
detenMifi^'d'^dld^bytH^'^etiipferattire

of the air (supposed to be uniform), rising frOtn th'e aquebus
fluid, will gradually, but not instantaneously, diffuse itself

uniformly within the space occupied by the air, precisely the
same as in a vacuum. Arrived at the point of extreme satura-

tion, the height of the water, slightly reduced by evaporation.



1S25.3 Barometrical Measurement of Heights, 47

continues unaltered. On restoring the dry air to its original

volume, increased in proportion to the diminution of that of the

aqueous fluid, by turning inwards the screw U, ifwe now increase

the compressing weight in proportion to the augmentation of

elasticity derived from the introduced vapour, we shall find, on

liberating the weight, that it will remain precisely where we had

clamped it : the additional pressure compensates the additional

elasticity, and the original volume, or height, remains unaltered.

(33.) Varying the experiment, if we double the pressure now
sustained by the mixture, the volume will be found to be de-

creased more than one-half. As the space, or volume, diminishes,
the vapour existing therein hquefies and is precipitated. This

is continued until the elasticity of the air, augmenting as its

volume diminishes, added to that of the residual vapour, still at

its initial force, equal together the doubled pressure.

(34.) From the former of the two experiments, we learn that

the same quantity of vapour, and of the same force, is formed in

a given space, uniformly of a given temperature, whether con-

taining dry air, or being a perfect vacuum
;
for if we mix equal

quantities of aeriform fluids of different elasticities, they may be

compressed into the space occupied by one by submitting them

collectively to a pressure equal to the sum of their elasticities.

(35.) From the other experiments, it is evident that when any
space, being a vacuum, or containing dry air of any elasticity,
is fully saturated with aqueous vapour in contact with water or

not, we cannot increase, or otherwise alter the force of the

vapour so long as any exists by augmenting the pressure, or

otherwise partially butnot entirely diminishing the space.

(36.) It is also obvious that the maximum of the force of the

vapour existing in dry air will be determined by the temperature
of the latter

;
so that a volume of vapour generated at a temper-

ature of 50° F. could not possibly exist in its aeriform state in

an equal volume of dry air of the temperature of 49° F. A por-
tion of it would be precipitated, and the elasticity b6 reduced
from 0*4 in. to 0*388 in. The air would now hold its maximum
quantity of vapour, or be what is termed completely saturated.

(37.) Saturated air supporting any pressure being exposed,'
when out ofcontact with water, to any other superior temperature,
or having its pressure diminishedj will hsive its volume increased,
and its density diminished, in the same ratio as dry air. In

,
both cases, as well as when the supply of water is cut off* before
the volume of air has acquired the whole of the quantity of

vapour it is capable of containing, the air is said to be but par-
tially saturated, or only to a certain degree.

Of the Hygrometer.

(38.) A polished surface of glass, brass, 8cc. inferior in the



4S^ Explanation of the Theory of the ^uly,

slightest degree to the temperature of the air saturated with
moisture with which it may be in contact will be perceptibly
clouded with light dew.

(39.) When the air is but partially saturated, we must conti-

nue to lower the temperature of the polished surface, and mark
the degree of the thermometer at which the deposition of the

dewjirst takes place.

(40.) This temperature is termed the point of condensation,

dew-point, or constituent temperature of the vapour.
(41.) The elasticity of the vapour contained in the air is

understood to be equal to that of vapour generated and existing
in its saturated state in a temperature equal to that of the

observed dew-point. The hygrometer of Mr. Daniell is an

elegant, but somewhat expensive instrument, to ascertain the

temperature of the point of condensation.

(42.) When the air is not wholly saturated with aqueous

vapour, a minute portion of water of the temperature of the air

bemg isolated within it will evaporate with a sensible reduction

of its heat, determined by the degree of saturation, temperature,
&c.

; consequently a thermometer having its bulb covered with

humid bibulous paper, &c. will be observed at a temperature
inferior to that of the ambient air

;
which difference, together

with the other data, easily procured, will enable us to calculate

the tension of the vapour contained in the air.

. (43.) Hygrometers constructed of organic substances elon-

gating from humidity indicate merely the degree of saturation ;

yet with this datum in addition to that of the observed tempera-
ture of the medium, we may ascertain the elastic force of the

vapour with sufficient exactness for barometrical calculations.

Of the Density of Air containing aqueous Vapour,

(44.) The densities oi equal volumes of different fluids are as

their weights ; and their weights, if elastic fluids having the

same temperature, will be as their elasticities, or the pressures

they sustain, multipHed by their respective specific gravities,
determined when their temperatures and elasticities were the

same.

(45.) Recollecting that as much vapour is formed in the same

space, being a vacuum, or containing dry air, we may readily
find the density of air wholly or partially saturated with mois-

ture compared to that of dry air supporting the same pressure,
and existing in the same temperature, by adding together the

weights of the vapour and that of the dry air of the mixture.

T^e .,elasticity
of the dry air being 15 inches, and that of the

vapour^J t) inches, the observed pressure would be equal to the

s^/m of their elasticities, or to 25 inches. Calling 1 the weight
of a cubic loot of dry,air of this latter pressure (25 inches), an
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equal volume of the dry air of the compound would Weigh
i^ of 1 ,

or * 0-60

The cubic foot ofvapour supporting the remaining pres-
sure (10 inches) would weigh ^ of ^f of 1, or , 025

Sum.... ». 0-85

The densities being as the weights, the moist air would be

specifically lighter than dry air under the same observed pres-
sure in the ratio of 85 to 100.

(46.) Were the density of aqueous vapour equal to that of dry
air, the density of the mixture would not differ from that of dry
air alone, observed under the same pressure ;

but being |.

lighter, we must reduce in the same ratio what would have been
on the former supposition its proportion of the total weight of
the compound, equal to its proportion of the elasticity of the

whole (or
-i-2- of 1).

Example,—Density at 25 inches , , I'OO

Deduct f of -12. of 1. . . 0- 15

0*85 as before. ^

But this method of expressing the ratio of density of dry to

moist air has the defect of not exhibiting the value of their dif-

ference in the most striking point of view, and would intolerably
encumber and embarrass our calculations. We shall find it

more convenient and intelHgible to indicate at what (superior)

temperature the density of dry air would be equivalent (or be

reduced) to that of moist air observed under the same pressure.
To render the proposed method the more intelhgible, we shall

confine our calculations in the first instance to air in a state of

complete saturation. Suppose, for example, that we had 480
volumes of dry air of a density, which we will call 480, at the

temperature of 32° F. when supporting the pressure of 30 inches

of mercury ; required to know at what other (superior) tempera-
ture the density would be equal to that of saturated air support-

ing thie saiiie pressure, and existing in a temperature of90° F. ?

Calculation,

at 32-00° F. volume 480-00 Density 480-000

Dry air ^ 90-00 538-00 428-253
99-78 547-78 420-598"'1

Saturated air at 90°. Dew-point 90°. (Force of the vapour
1-43 inch.) Density per formula 420-598 (or 428*253 minus f
of^c^^ of 428-253).
Hence the density of saturated air observed at a temperature

of 90° F. and tinder the pressure of 30 inches of mercury, is

j)reciBely equal to that of diy air under the same pressure, and
Nei9 Series, vol, x. r
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^^lrtfi^Wte})ferfttitt6'kJ^n^9-8° F. H^. we:^ubstituted the ratio of

^S'te^^yfAlviH^^h BV SAussure and Watt/^ the^iteBMaeriiture would

*MV^^Wtt^'b^tJ97'4^^^V
^ iriJ0iJz3 3"/ al . .; .>r

^?;' fiitf^VW^'th^ fblldt^ihg table wittthe degteeof teraperatiire
indicated by a thermometer in contact with saturated air sup-

porting' a pressure of 30 inches, we have but to add to the

observed temperature the corresponding equation, given in

.'degrees
and tenths, and the sum will indicate the temperature at

which the density of diy air under the same pressure will equal
that of the saturated air. When the pressure differs from 30

^TOcjh^efei. multiply the equation by 30 inches, and divide the pro-
'.duct' by the observed pressure. The error iii tZe/ec^ resulting
'*fi*oiW'^his Approximative method will not exceed one-third of a

d'e^ee' in any case within the limits of barometrical observa-

tions.

a3w(Mle rf Equationsfor satma
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add the corresponding equation (5°) to the temperature of the

air (90^^); and their sum (95°) will denote the temperature

required. Jn the extreme case before us the discrepancy falls

short of a quarter of a degree,—a quantity ,WMc|),,jni?^i,9fl,jt<|.
the

probable error of observation.
,; ,

, ,y ^ f , ,
.

[| jj
,

,J u
c^^^<^ ^ j ,^ ,

,

In case tlie construction of the hygrometer shoma be such as

to indicate merely the degree of saturation, find by the table

the equation for saturated air at the observed temperature, and

reduce the quantity in proportion. The correction at 60° for air

two-thirds saturated with moisture, and supporting a pressure of

30 inches, would be equal to f of 3*6°, or to 2-4°. (Seethe
tables given at the end of the first volume of the Traitt de Phy
sique by M. Biot, to reduce the degrees of saturation of the hair

hygrometer of Saussure to the degree of tension of the vapour

existing in the atmosphere.)
In the barometrical table of Mr. Daniell before alluded to are

given the densities of saturated air at different temperatures
under the pressure of thijiy inches ; but as no allusion is made
to any correction for difference ofpressure, and as the calculation

illustrating the table is worked without introducing one, we
must necessarily conclude that Mr. Daniell conceives the den-

sity of saturated air of any given temperature, supporting the

pressure of 30 inches, to be specifically hghter than dry air of

that pressure in the same ratio that saturated air of the same

temperature under any other pressure is specifically lighter thaa

dry air supporting that other pressure. To prove the incorrect-

ness of the idea, let us find the density of a stratum of saturated

air supporting a pressure of 30 inches, and that of another stra-

tum under the pressure of 15 inches, the temperature of both

being 90° F.

n il Density of dry air at 30 inches ,...,,.
^Hl*Oooc)i>.>vi

,.
Ditto at 16

inches*^^e^*jg.,b^nijrtfi^«^»i?r«^?,:jMu^qd

'

I

'

> Density of saturated air at 30 in . . 0-876245

ivvHv Ditto at 15 inches * . 0-430149

Had the ratio been constant, the density of the saturated air

at 15 inches would have been 0*4381225. It is evident that as

the stratum under the lesser pressure contains a greater propor-
tion of the lighter fluid, it must be specifically lighter than dry
air in a greater ratio than the stratum supporting^ the heavier

pressure. :>{r:.Sr,vo<> ^i -J^ipiun ^prLbMfVWhen theforce of the vapour rising from the surface! oi a liquid

freely exposed to the atmosphere equals the pressure of the

; latter, ebullition ensues. Consequently if we note the tempera-
j,ture of the liquid, or that of the vapour immediately abave its

surface when the ebullition is perfect, we may find by the

. tables
giving the force of aqueous vapour iitdiil'er^n^^teuf^eta
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ttireia, the value of the atmospheric pressure, or height of the
baroineter. The objections to the method in regard to accuracy
and convenience are, however, too serious to induce the obserVet
to ^dopt it as a substitute for the latter instrument.

[, {Tolc conilnucd.)

Article VIII.

A 1jet ter from Dr, Black to James Smitfison, Esq, describing a

very sensible Balance,

DEAR SIR, Edinburgh, Sept. 18, 1790.

I "II AD the pleasure to receive your letter of the 9th. Th^
apparatus

I use for v^^eighing small globules of metals, or the

liKe, is as follows : A thin piece of fir wood not thicker than a

shilling, and a foot long, r- of an inch broad in the middle, and

~- at €ach end, is divided by transverse lines into 20 parts;

that is, 1 parts on each side of the middle. These are the

principal divisions, and each of them is subdivided into halves

and quarters. Across the middle is fixed one of the smallest

needles I could procure to serve as an axis, and it is fixed in its

place by means of a little sealing wax. The numeration of the

divisions is from the middle to each end of the beam. The ful>-

crurais a bit of plate brass, the middle of which lies flat on my
table when I use the balance, and the two ends are bent up to

a right angle so as to ^and upright* These two ends are ground
at the same time on a flat hone, that the extreme surfaces of

them may be in the same plane ; and their distance is such that

the needle when laid across them rests on them at a small dis-

tance from the' sides of the beam. They tlse above the surface

of the table only one and a half or two-tenths of an inph, so that

the beam is very limited in its play.

-- *

.

The weights I use are one globule of gold, which weighs one

grain; and two or three others which weigh one-tenth of a grain
each ;

and also a number of small rings of fine brass wire made
in the manner first mentioned by Mr. Lewis, by appending a

weight to the vvire, and coiling it with the tension of that weight
round a thicker brass wire in a close spiral, after which the

extremity of the spiral being tied hard with waxed thread, I put
the covered wire in a vice, and applying a sharp knife which is

struck with a hammer, I cut through a great number of the^ coils



J825.] Dr. Black on a 'oery sehsibk Balance. 5t

at one stroke, and find them as exactly equal to one another a^
can be desired. Those I use happen to be the l-30th part of it

grain each, or 300 of them weigh 10 grains ;
but I have others

much lighter. s

You will perceive that by means of these weights placed on
different parts of the beam, I can learn the weight of any little

mass from one grain or a little more to the t^Vo ^^,
^ grain.

For if the thing to be weighed weighs one grain, it will, when

placed on one extremity of the beam, counterpoise the large gold

weight at the other extremity. If it weighs half a grain, it will

counterpoise the heavy gold weight placed at 5, If it weigh
-i-Vof a grain, you must place the heavy gold weight at 5, and
one of the hghter ones at the extremity to counterpoise it

;
and

if it weighs only 1, or 2, or 3, or 4-lOOths of a grain, it will be

counterpoised by one of the small gold weights placed at the

first, or second, or third, or fourth division. If on the contrary
it weigh one grain and a fraction, it will be counterpoised by the

heavy gold weight at the extremity, and one or wore of the

lighter ones placed in some other part of the beam.
This beam has served me hitherto for every purpose ; but ha3

t occasion for a more delicate one, I could make it easily by
taking a much thinner and lighter slip!

of wood, and grinding
the needle to give it an edge. It would also be easy to make it

carry small scales of paper for particular purposes.
We have no chemical news. I am employed

in examiniiig
the Iceland waters, but have been often interrupted. I never

heard before of the quartz-like crystals of barytes aerata, nor of

the sand and new earth from New Holland. Indistinct reports
of new metals have reached us, but no particulars.

Some fur-

ther account of these things from you will, therefore, be very-

agreeable. Dr. Hutton joins me in compliments, and
wishi|^|^

you all good things ;
and I am. Dear Sir, hi At
Your faithful humble servant,

^

^

Joseph Bi-ack* .

"—— w
Note by Mt\ Smiihson.—The rings mentioned above have the

defect of their weight being entirely accidental ;
and conse-

quently most times very inconvenient fractions of the grain. I

have found that a preferable method is to ascertain the weight
of a certain length of wire, and then take the length of it which

corresponds'to the weight wanted. If fine wire is empl6yedj_ a

set of small weights may be thus made with great accuracy aM
ease. Inconvenience from the length of the wire in the higher

weights is obviated by rolling it round a cylindrical body to a

ring, and twisting this to a cord.

This little balance is a very valuable addition to the bloWpfpe

apparatus, as it enables the determination of qiiaatitie^. \^.^^
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expenments with that instrument, whith vvas an unhoped-for
accession to its powers.

Pr» J^laqk mentioned to me its
having been used by an

assayer ;n Cornwall, to whom he had made it known
;
and I

have since heard, from another person, of an assayer in that

county, who, finding the assays he was employed to make, cost
him more in fuel than he was paid for them, had contrived means
of making them at the blowpipe on one grain of matter. I pre-
sume him to have been the same Dr. Black had spoken of.

London
f Majf 12, 18S6.

Article IX.
..^,.

Notice on the Diluvium of Jamaica, 'By^H. T. De la Beche,
FRS. &c. (Read at the Bristol Philosophical Society,

May 12, 1825.)

Any addition to our information respecting diluvium cannot
be without interest to

geologists,
more particularly when it is

derived fi*om countries far distant from those which have been

previously examined. Prof. Buckland's distinctions between
diluvium and alluvium are too well known to require any expla-
nation. That objections have been raised to these distinctions,

and the discoveries connected with them, is most certain ;
but

as Prof. Sedgwick very justly observes {Annals of Philosophy,

April, 1825),
" the greater part of the objectors are undeserving

of any animadversion, as they appear entirely ignorant of the very
elements of geology, and far too imperfectly acquainted with the

facts about which they write to have it in their power to turn

them to any account." In this class may not unfairly be placed
the work which a writer in the Quarterly Journal of Science very

gravely informs us is masterly ! !

The following observations were made during a residence in

the Island of Jamaica from December, 1823, to December, 1824.

The first district which I shall notice is the great plain of

Liguanea, upon the lower part of which the city of Kingston is

situated. This presents an inclined surface, falling gradually
from a height of about 750 feet (where the plain abuts against
the mountains bounding it on the N) to the sea. This plain is

almost wholly composed of diluvial gravel, consisting of the

detritus of the Jamaica mountains, and evidently pyqduced by
causes not now in action. .^.jg ^r j .,
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The. alcove septipn^wj^V^xpljtin better th^n, .W9rds the manner
in which the diluvium '(A) abuts againstthe Si. !^'n^rew'^^

tains.(B). The latter are composed ofporphyry, syemte, greei?i'

stone, brownisli red pprphyritic conglomerate, siliceous sand-

stones, shales, and coal, that resemble our coal measures, with

red sandstones and conglomerates of an older date resting upofii^

transition rocks. Rounded portions of all these rocks compose'
the gravel of Liguanea ;

the pebbles are not in geneml very^

large ; blocks, however, of siliceous sandstone, and of (jonsidet-

able dimensions, are found near the Hope estate, the property
of the Duke of Buckingham.

'-
' ^ *^ -^*^ jii.u. J

The Hope river, with the Mammee river- which falls into it,

drains a considerable portion of the St, Andrew's mountains, and,
when the waters are low, loses itself among the Liguanea
gravels, at that part of its course where first quitting the

rocky
defiles of the mountains it enters upon this diluvial plain ;but
when the river is swollen by heavy tropical rains, it becomes a

torrent of considerable magnitude, rushing with great force

through the defile which opens upon the plain, by the continual

recurrence of which it has excavated the gravel to a considerable

depth ;
so that in fact the causes now in action tend to destroy

the gravel plain rather than form it. The section of diluvial

gravel made by the river near the Hope Tavern, cannot be less

than between 3G0 and 400 in depth, and the tavern itself is,

according to the barometrical measurement I made, 698 feet

above the level of the sea. The diluvial gravel rises some

height above the tavepi. A

Proceeding up the Hope Valley, a part of the road displays a
section of diluvium (the rounded rock pieces of which are large),

resting upon a projecting portion of the mountain that rises

about 600 feet above the bed of the river.

In addition to the Hope river, numerous gullies formed by
heavy tropical rains, cut the diluvial plain of Liguanea in various

directions, so that far from being formed by the waters which
now descend from the mountains, every stream that traverses it

tends to destroy it, and carry the gravel into the sea. . »

This plain descending gradually to the sea, and being pro-
tected from the ravages of the latter by the Palisades, a sand
bank extending several miles from Port Royal to the main land,
alluvial matter is deposited on parts of the shore, more particu-

larly between Kingston and Port Henderson, on which mangrove
trees are numerous

;
in fact these trees are extremely well calcu-

lated for the accumulation ofalluvium, their long stilt-like roots

collecting mud and other matters together, and then protecting
what they have collected from being washed away by any
violent rush of water, the numerous roots breaking its force.

It is almost impossible to stand upon the gravel p|ai|J^^f Ligua-
nea without feeling convinced that it could not ""have been
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formed by any causes now in action, but tihat the porphyry,
greenstone, and other pebbles, which constitute, with a few clay
and sand beds, the mass of the plain, were derived from the
Jamaica mountains in the same manner, and at the same period,
as the numerous European tracts of gravel, which have resulted
from the destruction of European rocks, and which contain the

remains of elephants, &c. It is true that bones have not yet
been discovered in the Jamaica gravels, but it should be recol-

lected that the opportunities for such discoveries are by no
means so abundant as in those countries where gravels are

extensively used for roads
;
the climate moreover is such, that

few are tempted to risk their health by prosecuting researches
of this nature beneath a tropical sun.

The diluvial plain of Liguanea is continued westward through
the low lands of St. Catherine and St. Dorothy ;

sands and clays
are more abundant in the latter districts, but in other respects
the diluvium is the same. The sections afforded by the rivers

and gullies are of considerable interest, though I nowhere
observed one so deep as that of the Hope River.

To the westward of the above-mentioned plain, but separated
from it by a range of low white limestone hills, is another great

plain forming the parish of Vere, and the lower part of that of

Clarendon
;
it is surrounded by white Hmestone hills and moun-

tains* on all sides but on the S and SW, where it is washed by
the sea, with the exception of the space occupied by Portland

Ridge.
The greater part of this plain is diluvial, consisting of gravels,

clays, and sands; the former is principally composed of porphyry,

greenstone, and other trap rock pebbles, which are all most

probably derived from the destruction of part of the St., John's

and Clarendon mountains.

Many fine sections of this diluvium are afforded by the Rio

Minho, which traverses it nearly through its whole length, as

also by numerous deep gullies : it is easy to remark here, as in

the case of Liguanea, that the causes now in action tend to

destroy this plain, and are altogether inadequate to its formation.

It is remarkable that though this diluvium is nearly surrounded

by hills and mountains of the white limestone formation, very
few fragments of it are to be discovered in the gravel, arising

probably from its being less hard than the porphyry and green-
stone, and, therefore, less able to resist apy violent attrition

than the latter. < r,
.

)i UK' 111 .; .

It is sufficient at pTeseni'toSoiterve, that tlic Jamaica white "limestone fomaation

consist* of compact white Jimestone beds, resembling the compact varieties of the Jura

linaestone ; these beds are often of very considerable thickness, and are associated wkh
softer limeKtones (even in some places resembling chaljc), white marls, and thick beds of

red sandstone arid marl. The whole formation cannot be less than 2000 feet thick in

somCiplaces, and contains fossils, which are, howoverj verfnure in,^ dt « tertiary

character, 5Uch as cones, ceritliia, nummulites, &c. f'
i . \ r

- •*•
f^* V'



1825.] . the Diluvium of Jamaica^ ^O }^ 57

BeneaSii*tiii^Wuvium, but above the white hmest^neafor^aa^-

tion, an ambiguous conglomerate occurs, which, from the supe-
rior degree of its consolidation, it seems difficult to refer tO;the

diluvial period : the pebbles, however, very closely resemble

those which are certainly the products of that geological era.

The Vere plain, like that of St. Dorothy and Liguanea, is

boundedj whei'e it touches the sea, by alluvium and mangrove
trees.

"^ ''

,,,;j '-,'... :i

There are other diluvial districts in Jamaica ; the above ar«^,

however, sufficient for my present purpose, which is merely to

show that the diiuvium of Jamaica has been produced by similar

causes with the diluvium of Europe, which latter I have had

opportunities of examining in the British Isles, France, Italy,

Germany, &c. I ^»ii'

As connected with this subject, it may be as well to notiee

the valleys formed in the white limestone hills and mountains :

these present the usual varieties observed in other parts of the

world ; yet instances are rare in which water will be found to

flow through them
;
the white limestone formation is in fact

extremely cavernous, and the rains that fall, which, it is well

known, are very heavy in the tropics, are received intoinnumep^^
able sink holes and cavities, and disappear ; sometimes, but

rarely, again rising and flowing for a short distapce, again to be
swallowed up. The districts occupied by this cavernous lime-

stone are very extensive, and their places are generally shown
on a good map of Jamaica by a want of rivers

;
whereas the

latter are abundant among the other rocks. Here we have
instances of valleys, several of which are of very considerable

depth, without running waters in them
; they could not, there-

fore, be formed by the waters which now traverse them, since

there are none which do so : these valleys, then, are completely

opposed to the theory that valleys owe their origiu to the

streams or rivers which now run through them.
A valley of denudation is seen at Williamsfield (the .property

of Lord Harewood) in St. Thomas in the Vale. The caps of the

hills, or rather mountains, on either side are formed of y*^hite

limestone in nearly horizontal beds
;
these rest on porphyritic

and other trap rocks forming the bottom of the valley in which
the Rio d'Or flows. This valley is, therefore, similar (as far as

respects denudation) to the valleys formed in the green sand and
lias near Lyme, and the green sand and new red sandstone near

Sidmouth
;
for there would appear no more reason to doubt that

the white limestone near Williamsfield had once been joined by
strata now swept away, than that the green sand of the hills in-

the neighbourhood of Sidmouth and Lyme,had once >be^n CQtt- -

tinUOUS;.
^'

.i'i>\»i3' ". \' :?iO-W*'*'' .^ifiOia^TJI ar-
:..;.:«

i ^5

During my residence in Jamaica I visited, among other
'^

caverns, that most celebrated, which is named Portland Ca,ve,
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from being situated in Portland Ridge, Vere. The following is

a section of part of this cave, in which two or three circum-
stances deserve attention, as they cannot fail to remind the reader

ofsome of Prof. Buckland's cavern sections.

..-A.

A stalagmitic floor (A) rests upon a fine silty clay (B), the

d^th of which I could not ascertain
;
one or two large stalac-

tite columns appear also to rest upon the clay ;
but of this I am

not certain; the heat, in fact, was so oppressive (from being
near the surface) during the time I visited it, that I was prevented
from remaining long in the cavern.

This cave is situated on the side of a hill, and is a short dis-

tance from the sea, but sufficiently elevated above it to prevent
the possibility of the clay being derived from it at its present
level. The crust of stalagmite is of sufficient thickness to show
that it must have taken a long time to form. I did not observe

any bones beneath it, and am now sorry that proper search was
not made, as the depth ofthe silty clay has not been ascertained,
•and as it might contain bones.

Portland Cave has been visited by hundreds of persons, most
of whom have written their names on almost every accessible

porti(»n of it: the floor, therefore, cannot be expected to be in

the condition in which it was first discovered, and it would be

difficult to say how far the stalagmitic crust might have
extended. The portion that I observed was not large, and is in

itself of little importance ;
but it becomes interesting as con-

nected witli the sections of caverns, beneath the stalagmitic
floors of which bones have been discovered.

J\^OH^> ,ai'i/jii
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Article X.

On the Genus Ursus of Cuvier, with its Divisions into Subgenera,
By John Edward Gray, Esq. FGS.

(To the Editors of the Annals of Philosophy/.)

GENTLEMEN, British Museum.

LiNN^us placed in the genus Ursus the whole of the heel

walking carnivorous animals
; but the modern zoologists have

reduced it to those of his genus which have one or more small
distant false grinders between the true grinders and the canine
teeth

; therefore restricting it to Ursus Arctos and Maritimus^
the only two species known in his time. But by the exertions
of travellers we have become acquainted with six other species^
which most authors have found very diflScult to characterise, or

they have at least been involved in considerable obscurity from
the want of observing and comparing them together.

Having lately had the opportunity of examining six species
alive, three of which are at present in the menagerie attached to

the Tower of London, and the rest moving about the country in

the caravans of the itinerant exhibitors, 1 have been enabled to

divide the genus into sections, which I hope will facihtate the

knowledge of the species.
The divisions may be regarded as subgenera; like most natu-

ral groups they are each confined to particular parts of the

globe, with a few exceptions, which may be explained by consi-

dering the confusion that has hitherto existed regarding their

species : thus Desmarest, when he placed India among the
habitat of the common bear, appears by his description to have
confounded the Malay or long liped bear with that species.

I propose to divide the genus into

I. I'hose which have short conical recurved claws, adaptedJ&jt
climbing.

This group may be considered as the type of the genus, asfidit

contains the

1. European Bears, which have convex foreheads and long
heels, as

1. Ursus Arctos. Lin. Sj/st. Nat, i. $ albida,

2. Ursus coUaris. F. Cuvier, Mamm, Lithog.
3, Pyreniacus. F, Cuvier, Mamrn. Lithog.

The two latter may be only varieties of the former species,
and Ursus Tibetkianus may, perhaps, be more properly referable

to this group. ?

2. The American Bears, with flattened foreheads and short

heels, as

4. Ursus Americanus, Pallas. U. gularis, Geof,
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The cinnamon, or yellow bear, of Catton*s animals, and the

chocolate bear, both of which are alive in the Tower, may, per-

haps, be considered as varieties of this species ;
but I regret

that I am not enabled to verify this fact, as I have never seen

either a live specimen or skull of the type of the
species,

which
would have enabled me to speak with more precision,

II. Those which have long compressed claws, JitUd for dig"

This group contains three sections, all which differ consider-

ably from the type of the genus, but the centre one particularly,
as may be judged from the fact, that it has ever been placed in

a different part of tlie system.
3. The Great Americcm Bear, which agrees with the other

American bears in their general form, but differs from them in its

^puger heels, are very large nearly straight claws, as

5. Ursus, ferox, Desm. Ursus cinereus, U. horibihs, Ord.

The grisly bear of Lewis and Clark's Travels. Danis ferox, nob.

This species is very distinct from the two presumed varieties

of the other American species, next to which it is placed in the

Tower, where it has been kept for 15 years, as is well known
to most of the visitors, by the name of Old Martin : it is upwards
of seven feet long, and exceedingly strong ;

but it is obedient to

the keeper, and sits upon its haunches when desired.

This animal exhibits in a remarkable manner the fastidious-

ness of zoological artists. It has been in this country for many
years, and most of the animals which surround it in the above-

named collection have been published two, and some even three

times over, while this has never even been drawn. I cannot

find that any figure has been published of it on the Continent,

which is not to be wondered at when we consider its habitation.

Mr. Say, in his excellent account of the animals collected in Mr.

James's interesting Travels to the Rocky Mountains, refers to

a figure belonging to that work, which may be in the American

edition, but it is certainly not to be found in the English one.

This section will form a very distinct subgenus, for which I pro-

pose the name of Danis, Clinton considered it to be the recent

state of Megalonyx of Jeferson, but Mr. Cuvier has referred the

latter animal to his genus Megatherium ; but as it is probable
that it will at least form a distinct genus, I cannot use the above

expressive name for the recent animal, as it has been preoccu-

pied for the fossil one.

4. The Asiatic Bears, which have very long, extensile, and

exceedingly mobile lips, narrow, long, and extensile tongue, very
broad |and rathei: depressed heads, and are usually of a dark

t)i)Dwn cplour, with a white forked mark upon their chest, as ;

oi
*1. Prochilus labiatus, nob, Ursus labiatus, Chv, Bra-

dypus ursinus, Shaw. Prochilus llliger, Me-
^jttirsus. Mei/er, Chrondorhynchtie, JEiscker.
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. 2. i'r'dcKiltis Malayanus, nob. Ursti^ Malaykrius>

Raffles. !

'*r<^'} 8, UrsusTebethianus. F. Ciiv. Mamm. Lithog.
"^Thl' specimen of the first described species of this division

was destitute of cutting teeth, and was, therefore, against th^

example of Linnseus himself, placed with the Bradypi, the
oril;f

genus possessing canine teeth and grinders, and wanting the

cutting teeth, under the name of Bradypus ursinusj or Ursine

Sloth. The illustrious IlHger, not knowing th^t the cutting
teeth had been destroyed, but aware that it had not the habits

of the sloth, by its external organisation, formed it into a genuS
distinct from them under the name of Prochilus. Meyer, regard^
less of the name of Illiger, gave it the name of Melursus, and
Fischer in his Zoognomia that of Chrondyrhynchus. It was

Buchanan, in his Travels in the Mysore, that first pointed it out

as being a bear. This group forms a very distinct subgenus ;
I

should, therefore, recommend the adoption of the former name
of lUiger's, oli account of its aptness and priority for the whole

group.
^

I have seen four specimens of the Pro'chilus labiatvs, all of

which had their cutting teeth destroyed; but whether it was
done before they arrived in this country, or by the showmen to

make them sloths, and thus agree with their bills, I know not,
nor could ever discover.

The Malay Bear is very remarkable for the depressed form'df
its body, and its low manner of walking ;

for its body (when in

confinement at least) nearly touches the ground, and its feet are

uncurved so as nearly to touch each other. It was first described

by Sir Stamford Raffles in the Linnean Transactions, and figured

by Mr. Griffith, from a drawing by my friend Major Hamilton

Smith, after a stuffed specimen in the Museum, which was pre-
sented to that establishment by Lady Banks ;

and again byhim
in his Translation of Cuvier's Animal Kingdom, from an excel-

lent drawing by Landseer, after the specimen at present alive in

the Tower
;
but the attitude of neither of the plates gives the

peculiar appearance of the animal when it Walks—a peculiarity
to be observed, but not so fully developed in the Ursus labiatus.

The Malay Bear has the very peculiar depressed broad-

rounded head, the thin lengthened snout, very long, extensile,
narrow tongue of the Prochilus labiatus, with which it was con-

founded by the showmen when it was first brought alive to this

coiititry.* I have not been able to learn if the same peculiari-
ties are found in the Tibeth Bear, as I only knew that species
from the figure and description of Mr. Frederic Cuvier. I have,
therefore, placed in this ^ection with a marl^ of d;di!ibl/^'Tfife

'
A^ *-

^^cl tJiis species has b^en confouftdecl together on tlie (Doimiiefit
"^ ' '^^ '
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latter species agrees with the rest of the section, in having the

white mark on the neck, but this character is also found in the

European species.
The peculiarity of the nose and lips is found in a slight degree

in the American Bears, especially the Vrsnshorribiiis ;
out I have

not observed it in the common brown bear.

Dr. Leach
figured

the skull of the Malay Bear from the spe-
cimen in the Museum, if I recollect rightly, under a new generic
name ;

but I can neither find the skull, or a copy of the litho-

graphic plate : the former might have been given by Sir Joseph
Banks for his private collection; and with regard to the latter, I

do not much regret its scarcity, as it would only be adding
another name to the numerous synonyma already given to the

subgenus to which it belongs.
III. Those species which have rather short unctirved claws

y

mid broad hairy paivsfor swimming : they are usually of a white

colour, and have long heads, and several false grinders in the

space between the canine and grinding teeth, as the Sea Bears.

Ursus Maritimus, Lin, nob, Thalarctos polaris.
I have heard several zoologists observe, that they believe there

are two species confounded under the name of the l*olar Bear;
but I have examined several skulls, and seen three living speci-

mens, all of which certainly belonged to one species.
This species forms a very distinct subgenus on account of its

habits, colour, the form of its skull, and the number of its false

grinders. I propose to designate it with the name of TAa/flrc^os.

Article XL
Analyses of Books

Philosophical Transactions of the Royal Society of London, for
1824. Part IL

The following papers are contained in this part of the Phi-

losophical Transactions :
—

XI. Some curious Facts respecting the Walrus and Seal, dis-

covered by the Examination of Specimens brought to England

by the different Ships lately returnedfrom the Polar Circle. By
Sir E. Home, Bart. VPRS. In a letter addressed to Sir H.

Davy, Bart. Pres. RS.
Some account of this communication will be found in the

y^/iwa^ for April 1824, in the report of the proceedings of the

Royal Society, p. 307.

All. Additional Experiments and Observations on the Appli-
cation of Electrical Combinations to the Preservation of the
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Copper Sheathing of Ships, and to other Purposes. By Sir H.

Davy, Bart. Pres. RS.
This valuable paper was given entire in our number for

April last.

XIII. On the Apparent Direction of Eyes in a Porti^ait, By
W. H. Wollaston, MD. FRS. and VP.

, As it would be impossible to convey a satisfactory knowledge
of the contents of this curious explanation of an interesting

question in perspective, without giving the beautiful engravings
by which it is illustrated, in which the skill of the President of

the Royal Academy has been exerted
;
we must refer such of our

readers, as may be particularly interested in the subject, to the

original communication : the following extracts, however, em-
brace the chief points of inquiry, and will indicate the nature
of the explanation." When we consider the precision, with which we commonly
judge whether the eyes of another person are fixed upon our-

selves, and the immediateness of our perception, that even a.

momentary glance is turned upon us, it is very surprising that

the grounds of so accurate a judgment are not distinctly known,
and that most persons, in attempting to explain the subject,
would overlook some of the circumstances by which it will

appear they are generally guided."
Though it may not be possible to demonstrate, by any de-

cisive experiment on the eyes of living persons, what those cir-

cumstances are, still we may find convuicing arguments to prove
their influence, if it can be shown, in the case of portraits,
that the same ready decision we pronounce on the direction of
the eyes is founded in great measure on the view of parts
which, as far as I can learn, have not been considered as as-

sisting our judgment." Previous to a full examination of this question, one might
imagine that the circular form of the iris would be a sufficient

criterion of the direction in which an eye is looking ; since,
when the living eye is pointed to us, this part is always cir-

cular, but cannot appear strictly so, when turned in such a
manner that we view it with any degree of obliquity. But, upon
farther consideration, it is evident that we cannot judge of

exact circularity with sufficient precision for this purpose, even
when the whole circle is fully seen, and in many cases we see

too small a portion of the circumference of the iris to distinguish
whether it is circular or elliptic."

Moreover, in a portrait, nltliough the iris be drawn most

truly circular, and consequently will appear so when we have a

direct view of it
; still, in all oblique positions, it must be seen as

an ellipse. And yet the eye, as is well known, apparently con-

tinues to look at the spectator, even when he moves to view
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them viery obliquely, and sees them o^ a form most clecidedly

elliptic.
'^" The reason why the eyes of a portrait se^^tii td follow us

will be hereafter considered, but cannot be rightly explained,
\lllitil Jthe ^fc'ircunistances on Which apparent direction in the front

view depends, are fully understood.
'** Ifwe examine with attention the eyes of a persort opj^^osite

to us, looking horizontally within about twenty degrees on
either side of us, we find that the most perceptible variation in the

appaiance of his eyes, in consequence of their lateral motion,
IS an increase and decrease of the white parts at the angles of

etich eye, dependent on their being turned to or from the nose.
" In the central position of an eye, the two portions of white

are nearly equal. By this equahty, we are able to decide that

a person is looking neither to his right nor to his left, but

straight forward in tile direction of his nose, as index of the

general position of his face.
"

If, on tl>e contrary, he turn his eyes to one side, we are im*.

mediately made sensible of the change by a diminution of the

white of the eye on that side to which they turn ; and by this

test alone we are able to estimate in what degree they deviate

indirection from the face to which they belong.
*^ But their direction with reference to ourselves is perfectly

distinct from the former
;
and in judging of this, it seems pro-

bable that, even in viewing real eyes, we are not guided by
the eyes alone, but are unconsciously aided by the concurrent

position of the entire face
;
for in a portrait, the effect of this

further condition admits of being proved by a distinct and
decisive experiment.

^ •

" If a pair of eyes be drawn with correctness, looking at the

spectator, at such moderate deviation from the general position
of the face as is Usual in the best portraits, unless some touch
be added to suggest the turn of face, the direction of the eyes
seems vague, and so undetermined, that their direction will

not appear the same to all persons ;
and to the same person

they may be made appear directed either to him or from him

by the addition of other features strongly marking that essen-

tial circumstance—the position of the face.''

Dr. Wollaston then proceeds to explain the illustrati\^e

engravings already mentioned, which completely estabhsh his

positions, and gives the subjoined remarks on a collateral sub-

ject at the conclusion of the paper." With this previous knowledge of the influence which the

general perspective of the face in a portrait has upon the apparent
direction of the eyes, we shall be prepared to examine why, if

they look at the spectator when he stands in front of the picture,

they follow, and appear to look at him in every other direction.
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" IfWe consider the effect produced by our change of position
with reference to any other perspective drawing, we find a

similar permanence of apparent position of the objects repre-
sented with respect to ourselves, and corresponding change of

direction with reference to the plane of representation, or to

the room in which it hangs ;
and we shall be able, in this case^

distinctly to trace its origin in the simplest principles of per-

spective drawing.
" When two objects are seen on the ground at different dis{*

tances from us in the same direction, one will appear, and must
be represented, exactly above the other. The line joining them
is an upright line on the plane of the picture, and represents a

vertical plane passing through the eye and these objects. When
objects that are at different elevations, are said to be in a line

with us, the strict meaning is, that they are so placed that a

vertical plane from the eye would pass throu2;h them. Now,
since the upright line (drawn or supposed to be drawn on the

plane of the picture, and representing a vertical plane) will be
seen upright, however far we move to one side, and will con«^

tinue to represent a vertical plane, it follows that the same set

of objects, even in the most oblique direction in which the re-

presentation can be viewed, are still in the same vertical plane,
and consequently will seem still to be in a line with us, exactly
as in the front view; seeming, as we move, to turn round with

us, from their first direction, toward any oblique position that

we may choose to assume.
" In portraits, the phsenomena of direction with reference to the

spectator, and corresponding change of apparent position in

space when he moves to either side, depend precisely
on the same principles. A nose drawn directly in front

with its central line upright, continues directed to the spectator,

though viewed obhquely. Or, if the right side of the nose is

represented, it must appear directed to the right of the spec-
tator in all situations; and eyes that turn in a due degree from
that direction towards the spectator, so as to look at him v/hen

viewed in front, will continue to do so when viewed obhquely.
XIV. Further Particulars of a Case of Pneumato- Thorax,

By John Davy, MD.FRS.
A brief abstract of this communication will be found in the

Anmds for May 1824, p. 383.
XV. On the Action of Jinehj divided Platinum on Gaseous

Mixtures, S^c* By Dr. Henry.
Given at large in our last number.

(To be con Untied)
'"

•

New Series, vol. x. f
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Article XII.

Proceedings of Philosophical Societies,

ROYAL SOCIETY.

June 2.—A paper was read, entitled,
"

Microscopical
Obser-

vations on the Materials of the Brain, Ova, and Testicular
Secretions of Animals, to show the Analogy that exists between
them

; by Sir Everard Home, Bart. VPRS."
June 9.—The following papers were read :

Description of a Method of determining the Direction of the

Meridian; by John Pond, Esq. FRS. Astronomer Royal.
^ Further Researches on the Preservation of Metals by Electro-

chemical Combinations
; by Sir Humphry Davy, Bart. PRS.

In this paper Sir H. Davy enters into a minute detail of the

causes which operate in producing foulness, as it is called, or

the adhesion of weeds and shell fish to the copper of ships.
This he attributes to a crust of carbonate and submuriate of

copper, and carbonate of lime and magnesia, which gradually
fix upon the sheathing, and which by rendering the copper in the

surrounding parts positive, occasions its corrosion, so that ships
are sometimes found, in the common course of wear, foul in

some parts, and the copper worn in holes in other parts.
He conceives that proper protection, if not in excess, by pro-

ducing a similarity oi' electrical state or ofdisposition to chemical

change in every part of the copper, will prevent the rapidity of

its wear without giving it any disposition to foulness
;
but if iron

or zinc are used in such quantities as to save all the copper, then

they will increase the disposition of that metal to become
covered with weeds and shell fish, except in cases of rapid

motion, such as in steam boats, where the chemical action of sea

water upon copper may be entirely prevented without the possi-

:bility
of the copper becoming foul.

r < Tne President describes a number of experiments which show
that the most rapid motion does not interfere with the principle
of protection. He describes the relations of this property of

electrochemical agency to the conducting powers of metals and
of fluid conductors; and he shows that a certain contact with
fluid conductors, even upon a small scale, is sufficient to enable

oxidable metals to preserve more difficultly oxidable metals
;
and

that slight chemical changes are sufficient for the effisct. Iron

in a solution of brine which contains no air is very slowly acted

upon, and
yet iron in brjne in one cup will preserve copper in

sea water in another cup, provided they are connected by a

moist thread of cotton. He points out the limits to this kind of

action, and illustrates ii by a very curious experiment. If oftwo
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vessels containing salt and water connected by moist cotton, and

forming an electrochemical series by means of zinc and iron, a

few drops of solution of potash or soda be poured into that con-

taining the iron, the action of the iron on the sea water will be
diminished ;

but the copper will still be protected : but if the

solution containing the iron be made alkaline to any extent, the

copper v/ill begin to corrode, and the iron will become the electro^

negative metal.

Sir Humphry ends this paper by the important practical con-

clusion, that copper may be preserved by nails, or masses of

zinc or iron placed under the sheathing ; and that in this way
there is less loss of the oxidable metal, which is partly revived

upon the interior of the copper, so that the same metal will act

for a long time, and thus protectors may be applied to save the

whole or any portion of the copper without interfering with the

external surface of it, and without the deposition of any matter

likely to cause adhesion.

June 16.—MM. Bessel, Encke^ Fresnel, and Brongniart, and
Count Chaptal, were elected Foreign Members; C. M. Clarke,

Esq. was admitted a Fellow of the Society; and portions of the

following papers were read :
—

On some new Compounds of Carbon and Hydrogen, and on
certain other Products obtained during the Decomposition of
Oil by Heat ; by M. Faraday, FRS.
Account of the Repetition of M. Arago's Experiments on the

Magnetism developed in various Substances during the Act of
Rotation

; by C. Babbage, Esq. FRS. and J. F. W. Herschelj

Esq. Sec. RS.

Experiments on Magnetism produced by Rotation ; by S. H.
Christie, Esq. MA. FRS.
On the Annual Variation of some ofthe principal fixed Stars ;

by John Pond, Esq. FRS.

Description of an improved Hygrometer; by Mr. T. Jones;
communicated by Capt. Kater, FRS.
On the Nature of the Function of Mortality, and on a new

Mode of determining the Value of Life Contingencies; by
Benjamin Gompertz, Esq. FRS.
The Society then adjourned to the 17th of November next. ,

LINNEAN SOCIETY.

March 15.—"Read a paper from R. A. Salisbury, Esq.
FRS. FLS. &c. on the Trichomanes elegans of Mr. Rudge's
PlanttK Guiancd, It appears that M. Bory de St. Vincent as-
serts in the 6th vol. of the Dictionnaire Classique d'Histoire

Naturelkj under the article Fougere, that Mr. Rudge's plant
t. 35, is composed of two species of different genera, one of
which Mr, Bory proposes as a feea, and the other, as consti*

f2
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tuting; a new genus, under the name of TJymenostachys, Mr.

Salisbury, however, insists, that M. Bory's assertions are devoid
of any K)undation, and he attributes his criticisms to an igno-
fance of the Latin language. In confinnation of this opinion,
Mr. S. exhibited the specimen itself from which the figure had
been drawn, that he might afford ocular demonstration that it

consisted of one individual.
'* To corroborate this opinion, he adduces the

testimony
of

Professor Hooker, who, in his 52d plate of his Exotic Flora y

refers to Mr. Rudge's figure, and gives a coloured one of 2'.

eleganSy the involucrum of which contained ripe capsules." The question bein^ a matter of reference to the Society, the

Vice President named Mr. Edward Forster, Mr. Bicheno, and
Mr. Menzies, to investigate the matter, and report thereon, in

pursuance of a bye-law of the Society."

April 5.—A valuable present of stuffed birds and fishes was
received from Capt. King, collected by him in his late expedi-
tion to explore the north-west coast of New Holland.
" The committee appointed at the preceding meeting made

their report relative to Mr. Salisbury's paper on Trichomanes

elegans ; and stated that the plant was represented to have been

gathered in Guiana, by M. Martin, and to have been purchased
by Mr. Rudge. It belongs to the genus Trichomanes of Smith.

M. Bory asserts that the spike described as the mature fructifi-

cation, is of a totally different structure from the others, which
are regarded as immature. It appears that Hooker did not

doubt the fidelity of Mr. Rudge's plant, though his own figure

supports M. Bory's opinion, inasmuch as the fronds there deli-

neated differ from those in Mr. Rudge's figure.
M. Poiret has described, and M. Desveaux has both described

and figured, the plant which corresponds with the fructification

supposed to be mature. Weber and Mohr have also the same

species.
In the Banksian and Mr. Brown's collection, were found

several specimens of each of the two plants, alleged by the

French author to be confounded in all stages of fructification.

In every instance the Committee found the barren frond of

Mr. Rudge's specimen combined with the fructification which
he calls the young ;

and as constantly the frond, figured by
Hooker, with the spike which is said to be mature.

. The specimen itself was also subject to their inspection ;
and

upon, a minute examination of it, they were satisfied that it was

composed of two individuals. They therefore reported
that M.

Bory appeared to them to be justified in his conclusions

It was added, that they thought it but justice to Mr. Brown to.

sajr, \h^\. Mr. Salisbury was correct in stating that M. Bory
had fallen jnto the error of making Mr. Brown adopt Willde^
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now's arrangement of the Ferns, whereas Mr. Brown's work
made its appearance in the same spring, but before Willdenow's,
and his arrangement is materially different." ..,5 ^,,.

A farther portion of Dr. Hamilton's Comment^ifyi,*6i^»(t]je
third part of the Hortua Malabaricus was also rea(}Hif(x9 .8- tM

ASTRONOMICAL SOCIETY. /

May 13.—The reading of Mr. Henry Atkinson's elaborate

communication on the subject of Refraction was concluded.

In the course of this paper the author has collected and ar-

ranged a great variety of meteorological observations, made in

different seasons, and at different parts of the world, for the

purpose of enabling him to ascertain the mean temperature at

the equator and in different latitudes, as well as the law of

variation in the temperature of the air at different heights
above the level of the sea. From these data he has deduced

formulae, by the use of which the computed and observed mean

temperatures in any given place, or at any given height, ap-
pear to agree in a remarkable manner. His next inquiry is,

to ascertain the law by which the height and the elasticity of
the air is connected

;
and also the relation between the elastic

city and density at any given height. These inquiries are

guided by observations and experiments that have been made
and pubhshed by men of eminence in this department of

science. The reasoning and deductions are founded on ac-

knowledged facts
;
and hypothesis furnishes no part of the data

from which the tables, founded on these investigations, are

computed. Astronomical observations supply no portion of the

materials which form the basis of the computations, but all

the results are obtained by formulae depending on optical pin-
cip/es; so that the near agreement of the quantities contained

in these tables (when properly collected) with those given by
the most approved modern tables of refraction proves that the

various formulae by which these quantities were obtained are

founded in nature, as well as happily applied. The atmosphere
is divided into a variety of strata, and each stratum has its

appropriate formula for determining its share of mean refraction ;

and when the different portions belonging to the different strata

are put together in succession, they constitute such an ar

rangement of quantities as proceed by a regular gradation, or

very nearly so ; and nothing but a close examination of the

differences can detect that the whole succession has not de-

pended on one continued formula. Besides the atmospheric
refractions adapted as corrections for celestial observations,
the author has applied one of his formulae successfully to de-

termine the terrestrial refraction as it has reference to two

objects standing in different elevations : so that whether this

memoir be considered as a meteorological, geodetical, or astro-
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nomicft! communication, it cannot but be regarded as copious,
elaborate, and interesting.

There was also laid before the meeting an account of obser-

vations made at Paramatta, in New South Wales, by Major-
Gen. Sir Thomas Brisbane, KCB. Governor, Sec. ; communii
cated in a letter to Francis Bailey, Esq. President of this

Society. These refer to the solar eclipse on January 1, 1824;
to several occultations of fixed stars by the Moon

;
to stars

observed with the Moon near her parallel; to observations
before and after the superior conjunction of Venus with the

Sun, July and August 1824; to observations on the planet
Uranus near the opposition in July 1824; and to observations
on two comets, one of which was not observed in Europe.

Next there was read a report On the Properties and Powers
of an Altitude and Azimuth Circle constructed by E. Trough-
ton, and divided by T. Jones ; drawn up by the Rev. W. Pearson,
LLD. FRS. and Treasurer to this Society. The pecuharities
of the construction of this fine instrument cannot be adequately
described in an abstract. But some estimate may be observed
of its accuracy from stating, that by comparing the mean latitude

of South Kilworth Rectory (Leicestershire) with each and all of
sixteen separate determinations, it does not differ more than one
second and one-tenth from the extreme latitude

;
that the true

obliquity of the ecliptic at the December solstice 1824, as de-
termined by this instrument, was 23° 27^ 44'',01 ;

while the

mean of the determinations of Delambre, Brinkley, and Bessel,
is 23° 27' 44'',55. Observations on the pole-star, and another

determination of the obHquity of the ecliptic, by a method sug-
gested by Dr. Brinkley, serve still further to confirm the charac-
ter of the instrument for accuracy, and the value of such an
instrument when used by a skilful, scientific, and experienced
observer.

The reading was commenced of a paper On the Construction
and Use of some new Tables for determining the apparent place
of about 3000 principal fixed Stars

;
drawn up, at the request of

the Council, by the President.

June 10.—The reading of Mr. F. Baily's introduction to the

new Tables for determining the apparent places of 3000 fixed

stars, was resumed and completed. This copious introduction

commences with a historic sketch of the most important tables

which have hitherto been pubfished for similar purposes ; none
of which, however, are so extensive as the tables to which the

present paper is introductory. They comprehend, first, all stars

above theJifth magnitude wherever situated
; secondly, all the

stars, not less than the sixth magnitude, situated within 30° of

the equator; thirdly, all the stars, not less than the seventh

mas^nitude, situated within W of the ecliptic.

After a few general observations, Mr. Baily speaks in succes-
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sion of the distinct topics of aberration, annual precession, and
nutation; exhibiting the analytical formulae which have beea

proposed for the computation of their respective values at any
time, past, present, or future; assigning the reasons for the

adoption of those values ofthe constants which he has preferred ;

and so transforming the several formulae, as to facilitate and
effect their reduction into one class of comparative simplicity,
which forms the basis of the tables themselves. Thus the total

corrections for right ascension and declination respectively,
assume the forms

AS = Aa'+ B6^+ Cc'+ B d'

where the quantities denoted by a, b, c, d, and the accentuated

fl', b% c', d'y are constant for each star, while the quantities A,
B, C, D, are common to every star. The quantities A, B, are

rendered equally constant for all the stars by the assumption of
a fictitious year, commencing at that moment when the Sun's
mean longitude at Greenwich at mean noon on Jan. 1, is 281° ;

which is, therefore, assumed as the tabular date, and the mode
of adopting it to the current date is explained.
The author then explains the arrangement and use of the

tables. The general catalogue of the stars is arranged in the
order of the right ascensions, and reduced to Jan. 1, 1830. The
left hand page is confined to the right ascensions, the right hand

page to the declinations. Col. 1, on the left hand, exhibits the

numbers of the stars. Col. 2, the names; to which are prefixed
Flamstead's numbers, and the letters of the alphabet, by which

they are usually distinguished. Col. 3, denotes the magnitudes
of the stars. Col. 4, AR in time, for Jan. 1, 1830. Col. 5, the

annual precession in time. The remaining columns contain the

logs, of «, b, c,d, each previously divided by 15 to reduce them
to time.

On the right hand page. Col. 1 is the same as Col. 1 on the

left-hand. Col. 2, exhibits the declinations of the stars, Jan. 1,

1830. Col. 3, annual precession. Cols. 4, 5, 6, 7, the values of

a'y b\ c\ d'. Then there are two columns headed B and P, de-

noting the corresponding numbers in the catalogues of Bessel
and Piazzi respectively; while the last column is reserved for

those which are to be found in Hevelius, Lacaille, Mayer,
Zach, &c.
There are several subsidiary tables which Mr. Baity also

succinctly explains ;
and he further developes the pnnciple^^f

correction iox proper motion, &c. when necessary. ^ ,,. j,-

The general rule for the use of the tables is
thi^v^^^^yi^. ^^e

out from the general catalogue, and
opposite

the given :Star, th^

logarithms of a, b, c, d, and a\ b% c% a, with their proper signs j
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and from the subsidiary Tables Land II. opposite the given day,:
the logs, of A, B, C, D, with their prajjer signs ;

which' must be
written down under the preceding logarithms: then add each

pair A, a; B,^; &.c. together; and take out respectively the natu-

ral numbers corresponding to the sum of the two logarithms ;

and observing that the signs only affect the resulting natural

numbers, incorporate them by addition or subtraction accord-

ingly ; the amount will be the total correction required ; that

atlsmg from rt, b, c, dy being the correction in AR
; that, from*

a', A', c', d', the correction in Declination.

The tables are arranged to mean solar time, which, it is

presumed, will extend their utility. And it may be observed,

that, by way of artijidal memorj/ to facilitate the recollection of

the precise subject to which each column refers (as in B for

Bessel, P for Piazza, already mentioned), Mr. Baily has made
A B represent the quantity by which the A B erration is deter-

mined, C the quantity by which the pie C ession is determined,
and D that by which the D eviatioti or Nutation is determined.

These contrivances, though avowedly subordinate, will not be

despi&ed by those who know how much the pursuits of science

are at all times promoted by the introduction of a happy techni-

cal mnemonics. /

; After the reading of this elaborate and interesting paper, the

Society adjourned to Friday the 11th of November next.

Article XIII.

SCIENTIFIC NOTICES.

Chemistry.

1. Preparation ofpure Potash,

Mr. Donovan proposes the following as a more easy method
of obtaining pure potash than the methods commonly employed.
The crystallized bicarbonate of potash of the shops is to be

purified by dissolving it in water at the temperature of 100°.

The saturated solution must be! filtered and poured into a flat

dish, and placed before the fire; in a few hours a crop of crys-
tals of the pure bicarbonate will be obtained. The crystals may
then be rinced with a very small quantity of water, and dried on

blotting paper.
'

i > ;

The crystals are ndw'tO'be<dissolved in water, and boiled with

their own weight of hydrate of lime for 15 minutes ; the solution

is then to be
^^fi^'pd j^,j|ti^. usual manner.* We have thus at

.ii/u.>)>2.i ^.i;J<j!>b
* In our n^t-we shall give »' description; of the simple but ingenious apparatus

invented by IVnC Donovan for filtering solutions out of contact with the atmosphere.—'
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once a sojution of pure potash, without the additional trouble of

evaporation and solution in alcohol ;
and we obviate the recon-

version of the alkali into carbonate, which always happens dur-

ing the evaporation in the common process, unless the tedious

and troublesome method of evaporating without contact of the

atmosphere be adopted, in which case silver vessels become

necessary.
As a test to ascertain whether or not a solution of potash be

perfectly caustic, chemists make use of a dilute acid
;
but this

method gives no information unless the acid be added in excess.

A small quantity will only displace the carbonic acid from one

portion of potash ;
but the remaining portion will unite with the

liberated acid so as to prevent any appearance of effervescence.

Thus an .alkali that is in fact partly carbonated will not be

affected apparently by the affusion of a small quantity of a test

acid.r—(Dubhn Philosophical Journal.)

2. Account of Mr, Dallon's Processfor determining the Value of
Indigo,

'

In order to find the value of any sample of indigo, Mr. Dalton
directs us to take one grain carefully weighed from amass finely

pulverised. Put this into a wine glass, and drop two or three

grains of concentrated sulphuric acid upon it. Having triturated

them well, pour in water, and transfer the coloured liquid into a

tall cylindrical jar, about one inch inside diameter. When the

mixture is diluted with water, so as to show the flame ofa candle

through it, mix the liquid solution of oxymuriate of lime with it,

agitating it slowly, and never putting any more in till the smell

of the preceding portion has vanished. The hquid soon becomes

transparent, and of a beautiful greenish yellow appearance*
After the dross has subsided, the clear liquid may be passed off,,

and a little more water put into the sediment, with a few drops
of oxymuriate of lime, and a drop of dilute sulphuric acid

;
if

more yellow liquid is produced, it arises from particles of indigo
which have escaped the action of the oxymuriate before, and
must be added to the rest. The value of the indigo Mr. Dalton
considers to be in proportion to the quantity of real oxymuriate
of lime necessary to destroy its colour. He is of opinion also

that the value may be well estimated by the quantity and inten-

sity of the amber-coloured liquid which the indigo produces,
which is found independently of any valuation of the oxymuriate
of lime. The following results obtained with several samples
show the great value of this method.

Oxymuriate of lime used to

destroy its colour.

Precipitated and sublimed indigo 140 grains
Flora indigo ,..,.. 70 -
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Another sample *.*.*•... 70 grains
Two other indigoa . •,."• 4 i i •'.'.. 60
Two other samples 60
Another sample 40
Another sample ^ 30 or 35

Mr. Dalton is of opinion that to destroy indigo by oxymuriatic
acid, twice the quantity of oxygen is necessary that is required
%o revive it from the lime solution. See Manchester Memoirs,
New Series, vol. iv. p. 437, 438, 439.—(Edin. Jour, of Science.)

Mineralogy.

3. On the Geological Situation of the Beryl^ discovered in the

Count!/ of Down* By Sir Charles Giesecke.

This substance, which had been discovered some years ago
in the county of Wicklow, in Ireland, in a coarse granular gra-

nite, has also been found lately in the county of Down, between
Kilkeele and Newcastle, fifteen miles from Rostrevor, where it

occurs in a coarse granular granite, which is more or less decom-

posed. It is very remarkable that this granite bears an extraor-

dinary resemblance to the granite of Adontschelon, in Dauria,
in which the beryls are found there. It is of a perfect crystal-
line structure, all its constituent parts presenting more or less

perfect crystals. Those of rock crystal are the most distinct,

and are generally of a brown colour, of different shades. The

felspar is generally of a milk-white and yellowish-white, seldom
of an ochre-yellow colour. Mica occurs only in small silver-

white and greyish-white particles, and is wanting entirely in

some parts of the rocks, particularly where the beryl is found in

veins. The beryl itself occurs in apart of the Morne mountains,
about three miles from the shore, partly in small veins, partly

irregularly imbedded in the rock, and partly in detached and
broken crystals in the sand of decomposed granite, and in the

overlaying bog land.

Then follows a description of the beryl and its crystalline

forms, which our limits oblige us to quote very briefly. Their

colour is principally blue, of various shades—sometimes green,
and pale wine-yellow. Some of the crystals present, on the

end of their lateral edges, towards the terminating edges, per-
fect triangular delineations of a pearl-white colour, which have
the appearance of a previous truncation of the terminating

angles, filled up again by some process of nature. The largest

crystals were from four to five inches long, and one inch in

diameter. The form of the crystals is that of a six-sided prism,

perfect, and variously truncated. .
t -

The rock crystal which accompanies the'beryl' is- of different

shades of brown, seldom of a greyish white, and yellowish-white
colour.
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The common felspar occurs of a milk-white, yellowish-white,
and ochre-yellow colour. It exhibits sometimes a faintly opa-
lescent play of colour similar to that of Adularia. It is found in

a crystalline form, and in regular crystals,
—(Dublin Philosophi-

cal Journal.) iiiiiV

4. Description of Levei/ne, a new Mineral Species,

The following abstract is taken from Dr. Brewster's paper, in

the Edinburgh Journal of Science for April, 1825.

The mineral, of which I propose to give a brief description,
was kindly transmitted to me for examination about a year ago,
by Mr. Heuland. In the memorandum which accompanied it,

Mr. Heuland stated that he suspected it to be new, and upon
examining its optical properties, and comparing it with those

minerals with which it seemed to be most closely allied, I had
no doubt that it constituted a new and interesting species.
• This mineral occurs in the cavities of an amygdaloidal rock,
from Dalsnypen, in Faroe, and sometimes accompanies the

chabasie and analcime, but particularly a new variety of the

heulandite.

Although this mineral is evidently a compound one from the

distinctness of the re-entering angles ; yet this composition is

not seen when examined by polarised light, through the faces

perpendicular to the axis. This circumstance would of itself

have been sufficient to show that it has only one axis of double

refraction, but I determined this to be the case by the direct exa-

mination of the polarised rings. Its double refraction is nega-
tive, like that of calcareous spar, and other obtuse rhomboids,
and though not great, yet the images may be easily separated".
Its ordinary refraction is a little greater than that of almond oil,

and very nearly the same as that of primitive chabasie.

I have sent a specimen containing a few minute crystals of

this substance to M. Berzelius for analysis ; but I have not yet
received the results which he has obtained from them.

It is not soluble in acids, nor does it gelatinise with them. It

whitens and intumesces with heat like chabasie and mesotype,
and, according to Mr. Haidinger's observations, it yields with

salt of phosphorus a transparent globule, which contains a

skeleton of silica, and becomes opaque on cooling.

Cleavage, indistinct. Fracture imperfect conchoidal.

Lustre vitreous. Colour white. Streak white. Semitrans-

parent.
^^; ;

Brittle. Hardness at 4*0. -^ti-j 5)11 "io nnot jxlT .i^mr -

I propose to distinguish this spdiires'by tlie name of LfeYey'ner,
in compliment to Mr. A. Levy, M.A. of the University of Paris,
who is already well known to mineralogists, by his crystallogra-
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phic acquirements, and by his determination of several new and

.interesting mineral species.
—(Ediu. Jour. Science.)

*^* We are obliged to omit Mr. Haidinger's crystallographic
observations on Leveyne, as thoy cannot be well understood
without a figure.

—Ed,

Miscellaneous.
,

5. Astronomical Prize, •''

At a Sitting of the Academy of Sciences of Paris on the 23d
of May, the astronomical prize was unanimously adjudged to

Mr. Herschel and Mr. South for their observations of ii80 double
and triple stars, communicated to the Royal Society of London,
and by them pubhshed in their Transactions.

6. Falling Star seen at Mid-day,
On the 13th of August, 1823, at a quarter-past eleven in the

forenoon, as I was employed in measuring the zenith distances

of the pole-stitr to determine the latitude, a luminous body passed
over the field of the universal instrument telescope, the light of

which was somewhat greater than that of the pole-star. Its

apparent motion was from below upwards ; but as the telescope
shows images in an inverted position, its real motion, like that

of every falling body, was from above downwards. It passed
over the telescope in the space of a second, or a second and a

half, and its motion was neither perfectly equal nor rectilinear,
but resembled very much the unequal and somewhat serpentine
motion of an ascending rocket, from the unequal burning of the

charge, and the irregular reaction of the stream of air issuing
from it on the atmospheric air. It was thus evident that this

meteor moved in our atmosphere, but it must have been at a

considerable height, since its angular motion was so slow. This

is, perhaps, the only instance in which a shooting star has been
seen at mid-day in clear sunshine. Hansteen.—(Edin. Phil. Jour.)

7. Notice reaardinfr Copernicus.
' '

The name of this celebrated astronomer was written Kop^eftrt
nick

;
he was a canon and physician, and occupied hiraselfilin

directing buildings. The aqueducts which he constructed^ «tf

Graudenz, Thorn, and Dantzig, still exist. He took 24 years X^

produce his famous astronomical system, against which the
thunders of the Vatican were hurled when the author was dead.
The sentence of condemnation was only repealed at Rotne ii^

although, at this period. Thorn did not belong to the Prussians.

—(Edin. Phil. Jour.)
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Article XIV. ?

^' NEW SCIENTIFIC BOOKS.

PREPARING FOR PUBLICATION.

Travels in Brazil, Chili, Peru, and the Sandwich Islands, by F. G.

Matheson, Esq.
The Mechanic's Common Place Book, by Olinthus Gregory, LL.D.

of the Royal Military Academy, Woolwich. 1 vol. 8vo. with nume-
rous Diagrams.
The English Flora, by Sir James E. Smith, Pres. Lin. Soc. Vol. 3.

Disquisitions on painted Greek Vases, and their Connexion with the

Eleusinian and other Mysteries, by J. Christie.

JUST PUBLISHED.
;

Icones Fossilium Sectilium Centuria Prima. By C. G. Konig.
Small folio. 10*. coloured; 7*. 60?. plain.

Elements of Operative Midwifery. By D. Davis, MD. Illustrated

with numerous Plates. 4to. 21. 2*.

Key to Nicholson's and Rowbotham's Algebra. 7^. 6d. boards*

8*. bound.

Holbroke on Hydrocele. 8vo. 4^.6^.

/-^ A new Theory of Light. By W. Hunt. 2s. 6d.
'•'

Reid's Introduction to Chemistry. 2 vols. 12mo. los.6d. :'..

« Ainslie on the Cholera Morbus of India. Ss. 6d,

: The Dictionary of Mechanical Science, enriched with upwards of

14)0 Copper-plates and Cuts. By Dr. Jamieson. Part I. 5s,

Article XV.

NEW PATENTS.
W. Turner, Winslow, Chester, saddler, and W. Mosedale, Park-

street, Grosvenor-square, coach-maker, for an improvement on collars

for draft horses.—April 2.

R. W. Brandling, Low Gosforth, near Newcastle-upon-Tyne, for

improvements in rail-roads, and carriages to be employed thereon and

elsewhere.—April 12.

W. Shalders, Norwich, leather- cutter, for a gravitating expressing
fountain for raising and conveying water or any other fluid for any
purpose.

—
April 12. -

\V. Gilman, Whitechapel-road, engineer, and J. W. Sowerby, Bir-

chin-lane, merchant, for improvements in generating steam, and on

engines to be worked by steam or other elastic fluids.—April 13.

T. Sunderland, Croom's Hill Cottage, Blackheath, for a newcom-
bination of fuel.—April 20.

C. Ogilvy, Verulam-buildings, Gray's Inn, for an improved appara-
tus for storing gas.

—
April 20.
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J. Broomfield, Islington, near Birmingham, engineer, and J. Luck-

cock, Edgbaston, near Birmingham, forimprovements in the machinery
for propelling vessels.—April 20.

L. W. Wright, Wellclose-square, Middlesex, engineer, for improve-
ments on apparatus for washing or bleaching of linens, cotton, Ac-
April 20.

A. L. Hunout, Brewer-street, Golden-square, for improvements in

artillery, musquetry, and other fire-arms.—April 23.

T. A. Roberts, Monford-place, Kennington-green, for a method of

preserving potatoes, and other vegetables.
—

April 23,

, S. Ryder, Gower-place, Euston-square, coach-maker, for an Improve-
ment in carriages, by affixing the pole to the carriage by new invented

apparatus.
—

April
28.

D. Dunn, King*s-row, Pentonvllle, for an improved apparatus, for

the purpose of beneficially separating the infusion of tea or coffee from

its dregs.
—

April 30.

W. Davis, Leeds, engineer, for improvements in machinery for

reducing or converting wool into slivers or threads, of any desired

Ifingth, unlike worsted, namely, presenting more numerous hair points

projecting from the surface of the slivers or threads.-^May 7.

. T. Hill, the younger, Ashton-under-Line, land surveyorand engineer,
for improvements in the construction of railways and tram-roads, stncl

in carriages to be used thereon, and on other roads.—May 10.

E. Elliss, Crexton, near Rochester, lime merchant, for an improved
brick, or substitute for brick.—May 14.

S. Pratt, New Bond-street, camp equipage manufacturer, for an

improved manner of combining wood and metal &o as to form rails or

rods adapted, to the manufacture of bedsteads, cornices, and other

works, where strength and lightness are desirable.—May H.
J. C. C. Raddatz, Salisbury-square, Fleet-street, merchant, for im-

provements in steam-engines.
—May 14-.

J. F. Gravier, Cannon-street, merchant, for a method of regulating
the emission or flow of gas from portable reservoirs, and of increasing
the safety of such reservoirs.—May 14-.

T. Pyke, Broadway, near Ilminster, for an apparatus to prevent the

overturning or falling of carriages.
—May 14.

A. Galloway, West-street, engineer, for a machine for the fdrriiihg
and moulding of bricks and other bodies usually made from clay,

plastic, or any of the usual materials from which building and fire

bricks are commonly made.—May 14.

W. Grimble, Cow-cross-street, Middlesex, for improvements in

the construction ofapparatus for distilling spirituous liquors.
—May 14.

E. Garsed, Leeds, flax-spinner, for improvements in a machine for

hacking, combing, or dressing flax, hemp, and other fibrous materials.

—May 14.
' H. O. Weatherley, Queen Anne-street, Saint Mary-le-bone, for

a machine for the purpose of splitting, or cleaving of wood, and form-

ing and securing the same in bundles.—May 14.

- G. Gurney, Argyle-street, Hanover-square, surgeon, for an appara-
tus for propelling carriages on common roads or on railways.

— May 14u
- J. Young, Wolverhampton, cooper, for improvements in the con-

struction of locks for doors, and other purpo8es.-«-May 14.
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Article XVI.

METEOROLOGICAL TABLE.
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REMARKS.

F\fih Montlu—1. Fine day: rainy night. 2. Showery. 3. Fine. 4. Fine: some

lightning in the evening. 5. A heavy shower about eight, a. m. 6— 11. Fine.

12. Rainy. 13. Some rain, a. m. : fine, p. m. 14—23. Fine. 24. Cloudy.

25. Fine. 26. Cloudy: rainy evening. 27. Fine. 28. Showery. 29—31. Fine,

RESULTS.

Winds: N,3; NE,7; E, T; S,4; SW,6; W,:J; NW, 1.

Barometer : Mean height

For the month 30-113 inche«.

For the lunar period, ending the 9th 29*999

For 13 days, ending the 1 1th (moon south) 29*984

For 14 days, ending the 25th (moon north) 3(M88

Thermometer: Mean height 1

'
'

For the month .54'74l«

For the lunar period, ending'the 9th 53*310

For 31 days, the sun in Taurus .•...•. 54*096

Evaporation i..;.*,'J,. 3*97 im.

Rain , 3'45

By a second guage , 3*54

»,• At Tottenham, on the 30th, about six, p. m. a smart shower of rain, preceded

by large hail, very well indicated the near approach of the cold current, by which the

tnnperature on the following nights was lowered to the freezing point.

Laboratoryy Stralfbrdf Sixth Months 21, 1825. L. HOWARD.
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Article I.
*

Explanation of the Theory of the Baromettical Measurement of
Heights, By Mr. Nixon.

o {Continuedfrom p. 52.)
*

Of f^e K«^z^o of Demity of drif Air%o Mercui'y\
''

,

In possession of foiniulse enabling us to calculate the -density
of dry air as varying from pressure and temperature, we have to

ascertain in the next place the ratio of its specific gravity at any
given temperature compared to that of the liquid of the baro-

meter indicating the pressure. From the numerous experiments
ofMM. Arago and Biot made (at Paris, at an elevation of about

200 feet above the level of the sea)' on moist air of various tem-

peratures, it is inferred that 12j000 cubic feet of perfectly dry
air, of the temperature of 32° F. supporting at the level of the

sea, in latitude 45°, a pressure of 26-0988 inches^ would be equal
in weight to 1 cubic foot of the liquid of the barometer. Con-

sequently a column of the dry air^ if uniformly dense^, and ofthe

vertical height of 12,000 inches, or 1000 feet, would exactly

counterpoise a column of the liquid^ of the same base, one inch

in height.^'

Whatever the specific gravity of the mercury (or other liquid) of the barometer,

12,000 measures of the dry air would equal in weight one measure of the same liquid
as that contained in the barometer ; the liquid in the instrument and in the scales being
of the same temperature.

Repeating the experiment with water substituted for mercury, and specifically lighte/
in the ratio of IS to 1, the barometer would now exhibit a pressure of 13 times 26*0988

inches, or 339^2^44 inches, and one-thirteenth part of 12,000 cubic feet, or 923 + cubic

feet of the air, wowld counterpoise one of water. Yet as the densities of dry air are

directly as the pressures, we should infer that when the water barometer (carried to the

requisite altitude) stood at 2t3-098S inches, then would the density of the air there be

diminished one-thirteenth, and that 12,000 measures of it would be required to balance

one of water.

,

• The value of the inch or foot being lost might be easily regained by a'-certaining how

jmany measures of dry air equalled iu weight one measure of the mercury of the baro-

meter. Then dividing 31 3 1 85-6 inches (- 26-0988 x 12-000) by the number of

measures (or ratio of the sjiecific gravity of the mercuiy to that of the air) we sliould have

j^ew Seriefi, vol. x. g
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Method of calculating Heights.

We may now proceed to the calculation of the vertical height
of an object situated within the atmosphere of the earth, the
data being the height of the barometer at its summit and base,

together with the temperature of the intercepted stratum of air

(uniformly at 32^ F. and perfectly dry) .

To reduce the problem to the greater siifaptioity, we remark
in the first place, that it is immaterial whether the instruments
are placed in the same vertical line or not, for every point of the
surface of the atmosphere of uniform temperature being at the

same distance from the centre of the earth,* and the pressures

being directly as the depths below the surface of the fluid, the

heights indicated by two or more barometers equidistant from
the earth's centre will be precisely the same without regard to

their horizontal distance. Secondly, as the pressure exerted by
fluids is uninfluenced by their figure, it is unnecessary to have

regard to the area of the strata of the atmosphere, increasing

(but not in the simple ratio of the height) as we ascend from the

surface of the earth.f Thirdly, as the height of the upper baro-

meter exhibits the value of the pressure incumbent on the inter-

cepted stratum of air, and thus aflbrds the datum requisite to

ascertain its mean density as far as regards pressure, it would
be superfluous even to inquire what is the fluid exerting that

pressure. Lastly, as the absolute pressure exerted by a fluid is

directly as the height multiplied by its mean specific gravity, if

we multiply the difference of the heights ofthe barometer at the

two stations by the ratio of the mean specific gravity of the

equiponderant intercepted column of air to that of the mercury,
we shall have the vertical height of that column ; equal to the

difference of level of the base and summit of the object.

Theheights (or volumes)of equal weights of dry air being reci-

procally as the pressures they sustain, and as every stratum of

the atmosphere supports the total pressure of those above it, it

has been demonstrated that when the altitudes above the lowest

station increase in arithmetical progression, the heights of the

mercury in the barometer decrease in geometrical progression.
Such being the case, it is evident that the difference of some
two consecutive terms of the geometrical series will be equal to,

or coincide with the difference of any two consecutive terms of

the arithmetical one
; and that where this equality of differences

takes place, the density of the air there will be equal to the mean

density of the whole. Or, supposing the density of the column

the height in inches of the barometer (if of the syphon construction with branches of

equal diameter), without regard to the specific gravity of the mercury.
It is almost superfluous to remark, tliat at ordinary temperatures the liqiud of the

liarometer should not generate elastic vapours, or the height will be observed in defect ;

the depression increasing (unequally) with the temperature.
• See S ^, P- ^S. t See § 6, p. 435.
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of mercury to be equal to the mean density of the equiponderant
column of air (a supposition which will not at ail affect the

result), if we divide the two columns, whose heights will now be

equal, into the same number of exceedingly small strata, weigh-

ing alike, then will some one or other of the strata of the air,

varying in depth, be sensibly of the same thickness, or vertical

height, as any one of the uniformly deep strata of the mercury.
The density of this stratum is evidently equal to the mean den-

sity of the column of air, and khowing the number of the strata

it is distant from the summit of the column of mercury, we

easily ascertain the pressure it sustains by adding the sum of

the equal weights of these strata to the height of the barometer

at the upper station. With the assistance of a table of loga-

rithms, together with its modulus^ the mathematician would

readily determine that the pressure supported by a volume of air

uniformly of a density equal to the mean density ofa stratum of

dry air intercepted by the pressures of 15'5 inches and 30*5

inches would be 22*1602 inches, and that the height of the

object, or of the column of air at 32° F. would be equal to 30*5

minus 15*5= 15 inches of mercury multiplied by ^
of 12,000

inches, or to 17,666 feet. Had the pressure expressive of the

mean density been 26-0988 inches, the length of the column of

air would have been 12,000 times 15 inches, or 15,000 feet; but

as the heights are inversely as the pressures, its altitude must
be increased in the ratio of 22-1602 to 26-0988.

But we may calculate the altitude of the object by a process
more generally intelligible, and which will have the advantage
of demonstrating that the pressures or heights of a barometer

carried successively to a series of stations uniformly increasing
in their distance from the surface of the earth, will decrease in

geometrical progression. Our plan will be to divide the column
o^ mercury into a sufficient number of equal parts or heights, to

which we must affix the corresponding intercepting pressures.
The columns not exceeding one inch in height, the mean pres-

sure, or half the sum of the pressures at the base and the sum-

mit, will not materially differ from (exceed) the pressure supported

by a stratum ofair ofwhich the density, supposed to be uniform,
is equal to the mean density of the column of air counterpoising
that inch of mercury. As the altitude of a stratum of dry air

under the pressure of 26*0988 inches counterpoising an inch of

mercury is equal to 1000 feet, and as the heights are inversely
as the pressures, we ascertain the altitude in ieet corresponding
to the different columns of mercury by dividing the constant

number 26098*8* by the respective mean pressures. The sum
of these altitudes will be equal to the altitude of the object.

* For air containing its mean quantity of moisture, and to include some corrections
for gravity, substitute 26210.

g2
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with the(Tlie degree of accuracy of the method
number of the subdivided columns, we may convince ourselves

by repeated calculations that it is superfluous to divide the

column into lengths less than one inch.)
-

Example*
—Upper barometer 15*5 inches

;
lower barometer

30>5.i^chesr
Inches.

r29-5 and 30-5

t

.5

28-5

27-5

26-5

25-5

"1,

'O

"W K

>S (

23

20-5

19-5

15'6.

29-5

28-5

27-5

26-5

25-5

24-5

23-5

22-5

21-5

20-5

19-5'

18-5

17-5

16*5

Mean 301
29

b

|'.)i

28
27
26
25
24
23
22
21

20

18'

-!7

Feet.

870-01

900-0

932-1

966-6
1003-8

1044-0

1087-5I io

^l|^- 1134-7 ^-S^' -
1186-3'

^ '

1242-8

1304-9

1373-6

1450-0

1635-2

1631'2j

Feet.

870-0

1770-0

2702-1

3668-7

4672-5
5716-5
6804-0
7938-7

9125-0

10367-8

11672-7

13046-3

14496-3

16031-5

1^17662-7

(Cori-yct altitude 17666-0 ;''Eti-br
— '

3-3' fe6tl) \ '^'

Dividing the stratum of air into, any number of sections of

equal altitude, we may find by a little further calculation the

pressures they sustain, and demonstrate the decreasing geome-
tric progression of the latter; for if we take any two consecutive

pressures and divide the consequent by the antecedent one, and

any other two consecutive pressures be taken and the consequent
of these be divided by their antecedent, the two quotients (or

ratios), will bei found. to be equal to each other, and less than

unity, which^ifi tihe characteristic of. a descending geometrical
series. - '' '"' f^'- .•• .,, ^e^t.'fj'i" '>

Example. no'i^Bluols^B.iyr'

PresKurefat^the base I .

at an altitude of

Feet.

4416-5
8833-()

13249-5
17^66-0

>0-5000*i><qikd^i(irjili$ §| istpios.

25-7518
21-7428
18-3579

15'5000,>

-84432

Having found the altitude of the objeck/the tfeiiijiefature
ofthe

air being 32°,, let u^ qpw suppose t^e temperature tp hare been

80°, or 48 degrees abov-^ the freezing pmntl''*'1aiWv)?pVme of the

dry air is consi»quentIy increased j48
4H0^ ory^th, and its density, in-
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versely as the volume, diminished in the ratio of 1 to 0*90909.*

The given heights of the barometer being, as in the preceding
example, 30*5 and 15*5 inches, we must augment the altitude

at 32°, or 17666 feet, one-tenth, or in the ratio of 90909 to

100000; equal either way to 194326 feet. At this temperature

(12000 + -^th or) 13200 cubic feet of dry air supporting the

pressure of 26*0988 inches, would be required to balance one of

mercury.
The temperature of the air being 24 degrees below 32^F. or

at + 8° F. we must reduce the altitude at 32° one-twentieth, or

in the ratio of the densities,t viz. of 1 -05263 to 1, giving 1 6782*7

feet as the correct altitude of the object.
We have hitherto supposed the stratum of air to be of uniform

temperature; a supposition seldom or ever confirmed by the

indications of the detached or exterior thermometers placed in

the shade, and freely exposed to the air at the summit and base.

Generally speaking, the temperature, especially when the dif-

ference of altitude is considerable, diminishes as we ascend.

The mean rate of the diminution, which is extremely variable at

different times and places, is usually estimated at 1° F. for an
elevation of 300 feet. My own numerous observations on alti-

tudes not exceeding 2000 feet, give 230 feet as the mean—a rate

of decrement differing little from that deduced from the observa-

tions of Mr. Dalton
;
but as the diminution when within 100 or

200 feet of the summit, particularly when the mountain was an
extended ridge, and the thermometers w^ere placed on its lee-

ward side, was frequently double or treble that of the inferior

equal sections, the rate is evidently exaggerated, and some cor-

rection seems necessary in order to obtain a uniform decrement
from observations made on mountains of different altitudes.

Supposing the decrement, whatever the rate, to be but

uniform, or in arithmetical progression ; that is, granting the

differences of temperature indicated by any number of thermo-
meters ranged on the side of the mountain at equal perpendicu-
lar distances to be the same, we shall commit no sensible error

in the calculation if we consider the mean density of the air the

same as that of another stratum uniformly of a temperature

equal to half the sum of the detached thermometers observed at

the base and summit of the mountain.J

* See \ 20, p. 4S8, f Ibid.

X If we expose 440 volumes of air 48 degrees above, and 440 volumes 48 degrees
beloitc the freezing point, to the mean temperature (equal to S£° F.), their volume collec-

tively will be greater by l-IOOth part than the sum of their volumes before the mixture
took place.

For 400-0 volumes at 32° are equal to 440 volumes at + 80°

And 488-9 32 440 ~ 6

88S-0 S80 31ean.ra
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It is to be remarked that any one or more sections of a cylin-
drical column of air, uniformly of a given temperature, may be
heated or cooled without disturbing in the least the pressure of

the strata incumbent on that section, or of those on which it

rests.* That the density of the lower strata of the atmosphere
is occasionally inferior (especially in the middle of a cloudless

day declining rapidly in temperature towards morning and

evening), to that of the strata immediately superincumbent is

proved by the terrestrial refractions being frequently negative
When the intercepted arc is inconsiderable.

'

If we admit the progression of the diminution of temperature
as we ascend to be geometrical, and of such a nature that the

decrement for the same number of feet is greater at the base

than at the summit, the column will evidently contain a greater

quantity of air inferior than superior in temperature to the mean
of the detached thermometers at the extremes, and half their

som exceeding the true mean temperature, will introduce an
error in excess in the calculated altitude of the object. Still as

we have no experiments authorising us to conclude that the

diminution of temperature is in geometrical progression ;
as we

are even ignorant whether the rate be greater at the base or

summit, and, what is more to the point, being well aware that

numerous local and other causes will disturb and render its

nature undistinguishable, we may be spared the trouble of cal-

culating any corrections, and content ourselves with considering
the mean of the thermometers at the extremes as the proper

temperature for calculation.f We cannot, however, too strongly
insist that the principal errors of barometrical measurements are

the result ofan incorrect estimate of the mean temperature. It

has also been justly observed by Prof. Playfair, that when the

horizontal distance of the barometers is considerable, the tem-

perature of the air at the lower station may not accord with that

at the base of the column of air immediately under the upper
• If wc increase the temperature of a fluid, confined in a truly cylindrical vessel, to

such a decree as to double the volume, the height will be increased^ and the density

diminished^ in the same ratio, and the pressure at the base wiU remain unaltered. But
if tlie figure of the vessel be that of tlie frustum ofan inverted

'

pyramid, then will tlic increment of volume be insufficient,

on account of the increasing capacity of tiie vessel upwards, to

augment the depth of the fluid in the same ratio. The ab-

solute pressure being as the height multiplied by tlie density,
there is a consequent loss of pressure. Hence it must be ad-

mitted that an increase in any ratio of the volume of the

entire atmosphere (resulting from an elevation of its temper-
ature throughout its mass) will not cause, on account of its

RI>herical figure, an augmentation of its heiglit in the same

proportion ; and that the pressures at the base of an atmosphet-erunifona^^ aaoprding
in

temperature with our climate would be less in summer and at noon, than in winter and

at night. This view of the subject, if correct, may serve to account for the horary
oscillations of the barometer. .

*

i

f Dr. Horsley considers the method of taking the ineanof the temperature* J^t the

extremes as only an a])proximation, yet sufficiently exact.—(Phil. Trans, vol. Lxiv.)
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barometer—a circumstance that cannot fail to vitiate the calcu-

lation of the altitude.

Correctionfor Latitude,

Hitherto We have considered the earth as a sphere at rest, but
if we admit that it revolves on its axis, then would its figure,

supposing it to have been originally a fluid mass, become that

of a spheroid flattened at the poles, and protuberant at the

equator. If placed

-JL

iiu^iM

withiii me earth that the one branch shall extend from its surface

at the equator EE to the centre, and that the other shall protrude
to the surface at either pole PP, then will the density of the

mercury within the branch at the equator, diminished from the

centrifugal force there, be inferior to its density within the

branch at the pole. The latter will consequently press on
the fluid within the rotating branch, and cause it to ascend until

its superior height, compensating its inferior density, produces
an equilibrium of pressure between the two columns; their

heights now being reciprocally as their mean densities.

The surface of the earth being no longer everywhere equidis-
tant from the centre, we must now define the difference of level

of two points not situated in the same vertical line as being equal
to the difference of their vertical distances from the surface of
the earth, or rather thatof the ocean, conforming, i^, figure to

that ofa spheroict/f^j,^^^'
^^' ^^'

The centrifugal force increasing with the length of the radius
of rotatiop, and the intensity of gravity diminishing as the dist-

,,,f^}ice from the centre of the earth, it follows that the force of the

latter is least at the equator, and that the variation will diminish
^*

?fey^;tfpf»roach the poles in the ratio of the distance of the sur-
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face of the earth at any latitude from the nearest point of the

axis. Thus it has been demonstrated that if we call the force

of gravity in latitude 45*^ equal to unity, then will its intensity

at the equator be diminished -—
-. : at the poles it will be aug-

mented in the same proportion. For any intermediate latitude,

the fraction must be multiplied by cosine oi' double the latitude.

In stating the number of measures of dry air required to coun^

terpoiae one of mercury, we remarked that the barometer indi-

cating the pressure was understood to be stationed at the level

of the sea in latitude 45°. Supposing, on repeating the experi-

ment, that the force ofgravity has diminished in the interim so

as to coincide with its value at the equator, let us inquire what
will be the consequences. In the first place, as the absolute

weights of the atmosphere and the mercury are diminished in

the same ratio, the height of the barometer will continue

unchanged. Secondly, as the absolute weight of each particle

of air is diminished -rp without impairing its elastic force, the

original pressure on any or all the strata is enfeebled in the same

proportion, and the height of the atmosphere, or of any portion
of it, is increased in the same degree. Thirdly, the particles

being more distant from each other, there is a consequent
increase of volume without addition of weight relative to that of

the mercury, and a quantity of dry air greater by —z than had

been required in the previous experiment, will be necessary to

balance the measure of mercury. Had we hermetically closed

the vessel containing the air in latitude 45°, and then transported
it to the equator, it would still be found to be an exact counter-

poise to a volume of mercury equal to that made use of in the

former latitude; but on opening the vessel and allowing the

included air to'communicate with the atmosphere (the barometer

there standing at the same height as when at the pole), then

would the ajr, being of an elasticity superior to the absolute

pre^sui*e^^TiOw irrciimbent on it, immediately expand, and a por-
tion of it

'rushing but, the residue would be insufficient to

balance the
incompressible mercury. : m- 'i '

<
'ui

The better to jHustrate the variation of/ih^Mdensilyvof air

resiiltin^'frohi^change of latitude, place a proper weight 'yjn a
vertical colurim of elastic wire coded in the manner of a screw;
then if we conceive them to be tiausported to a lower ^^tude,
the

yyeij^ht
will press on the spring with diminished gfaJvijty.ailLd

the height of the column will be increased. - -t ^-rf-ma. ><.

The oaflcHlations being iifiade iii the fir$t instance f^l^ttfe'fati-
tud^ of^5f,ti'e must /;/cre^^e the altitudes in latitudesi^feafBEthe

eqilatqri, and c////fJ///.sA those in parallels apprOachinjt^ the'i^ol^f^;^
in

th&i'atio* fH'opf^r
ihv tlm'rcspective latitudes ai (!:tilculaled

ty|f„t,jij^



1825.] Baroiimtrical Measurement of Heights, 89

rules just given;* This^ correction, properly the very last in

order, may be readily effected by the fractions given by.Biot, in

the third volume of his Traitt d'Astronomies or more promptly

by the annexed table, differing
some little from the one by

Prof. Littrow, inserted in the Memoirs of the London Astrono^*

mical Society.f ^-,,,
. 'i-

Correctionfor the vertical Diminution of the Force of GYavity.

For the Air.—The force of gravity diminishing as, ascending
from the surface, we recede from the centre of the earth as the

square of the distance, it is evident that the density of the air at

different altitudes will diminish, ccEleris paribus^ in the same
ratio. The mean radius of the earth being about 3956 miles, if

we call the force of gravity at the level of the sea 1, its value

at the several altitudes of

1, 2, 3, 4 miles

.„ , , , ,. 3956 3956 3956 3956
Will be equal to 1 x square of

^957' 3958' 3^9' 3-960'

for which we may be allowed to sub-^
2 4 6 ^

.

Stitute 1 minus J 3956' 3956' 3956' 3956
*

consequently we must augment the calculated altitudes in pro-

portion to the mean diminution of the density of the intercepted
column of air, nearly equal to half the sum of the values of the

diminution at the extremities
;
effected by applying a correction

additive found by multiplying the difference of level in feet by
the snm of the perpendicular distances of the summit and base

of the object from the surface of the earth, and dividing the

product by 20887680, the mean radius of the earth in feet. The
amount of the correction for an elevation of 8000 feet above the

sea, being only three ieet, it may be safely disregarded within

that limit. iVt greater elevations the value may be readily found

by Table IV,
For the Mercury.—Having proceeded in our calculations on

the supposition of the force of gravity, as affecting the mercury
being constant without regard to the altitude, we must now be
conscious that the absolute pressure exerted by the upper strata

of the atmosphere on the subjacent intercepted column of air, is

no longer correctly exhibited by a barometer situated above the

lev-eliof the sea. The specific gravity of the liquid as transported

*> Admitting tfe verticals to have the same latitude.

-fit
The.uppe* part of that branch of the syphon barometer containing the shorter

column of mercury being filled at the pole with dry air of a certain temperature, and

hermetically closed, note the difference of level of the mercury in the two branches.

Then in' proceeding towards the equator, if we do not change our distance from the

surface of the sea, and preserve the temperature of the air and mercury unaltered, the

length of th9<}^hmin of air, and the difference of level of the mercury, will continue to

augmeiit until \ve
j^rive

at the equator. The irigtrument would, therefore,' serve to fii^d

the latitude.
'
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to different distances from the centre of the earth being dimi-

nished in the ratio of the square of those distances, its height
in the barometer, when counterpoising the same absolute pres-
sure, or such as would be indicated by a barometer at the level

of the sea, will be
proportionally augmented. To comprehend

the nature of the correction (additive), we remark in the first

place, that as it is unnecessary to be acquainted with the speci-
fic gravity of the liquid of the barometers,* if alike in both, we
have merely to correct the observed height of the column of

mercury in either barometer in the inverse ratio of their specific

gravities. Further, as we may be suffered to express the ratio

of the diminution of the force of gravity at the several altitudes

above the level of the sea of 1, 2, 3, and 4 miles by the fractions12 3 4

1978' 1978' 1978'
^"^

1978' increasing uniformly with the altitude,

•and having equal differences, it is evident that whatever the

elevation of the lower barometer above the same levels the

observed height of the other, if situated a mile above it, must

This is sufficiently established by our previous demonstration that a certain number

of cubic feet of dry air will balance one of the liquid of the barometer, without regard to

its specific gravity, when the observed height is equal to a certain number of inches.

However, as Professor Robison asserts, in his Elements of Mechanical Philosophy, that

when the mercury of the barometers is not of the same specific gravity as that made use

of in the experiments of Sir G. Shuckburgh, calculations conformable to liis formula

cannot fail to be erroneous, we must so confirm our opposite statement on this important

subject as to leave no room for doubt.

If we augment or diminish in the same ratio any two terms of a series of numbers in

geometrical progression, the differences of the corresponding terms of the arithmetical

will continue the same. It must, therefore, follow, that as the pressures are in geome-

trical, and the altitudes in arithmetical progression ; and as the heights of two columns

of mercury supporting the same atmospheric pressure will be constantly, during every

variation of the pressure, in the inverse ratio of their specific gravities, the altitudes as

computed from one and the same formula will be alike, without r^ard to the density of

die mercury.
We have already found that when the pressures were 15-5 and 30*5 inches, the alti-

tude would be 17660 feet. Supposing we had also observed the pressures with two

other barometers containing mercury of a density inferior in the ratio of 11 to 10, the

1 1 -; Dill lo '3-

heights would have been noted at 15-5 + —th, and 30-5 +
-j^th,

or at 17'05 and

38*55 inches. The pressure corresponding to the mean density of the air, computed

precisely as before, will be found to be 24*3763 inches, and the altitude equal to 1 6-5

inches (the difference of the observed heights, or length of the column of mercury balanc-

iDS that ofthe air) multiplied by -rr^rr-^ of 12,000 inches, or to 17,6^6 feet, the same^^ 24*37 63
,

.
.

,, , «. L» ?tji.

as befiare. The pressure incumbent on the stratum of aie as indicated by the barometers

with the rarer liquid, would appear too great by one-tenth, and we mija^t have antici-

pated (the heights being reciprocally as the pressures) that the altitude Would be calcu-

lated proportionally in defect ; but as the length of the column of mereiiry counterpois-

ing the air (16-5 inches) is from its inferior specific gravity one-tenth greater than the

equiponderant column of mercury in the other barometers (15 inches), the two causes

of difference prove to be of an
opposite tendency, and equal in value.

An extremely
useful alteration in the constructiim of the Englchcld barometer,

depending on this contested i>oint, will be proposed ^hcn \fc totnc to treat of tfie instru-

nient*. i -'
,

' ' »> '

''
•' ^- ' ' '
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be reduced -g—
. Lastly, as the weights of equal (volumes or)

heights of air, if so small as to be sensibly of uniform density,
are directly as the pressures they sustain, the value of the cor-

rection in feet, the mean temperature of the air being 32° F. and

containing its usual quantity of moisture, will be constant, and

equal to 13*25 feet.

Having proved the correction to be directly in the ratio of the
altitude without regard to the elevations of the barometers
above the level of the sea, and equal at a temperature of the air

13'25

of32°F.tol3-25ft.permile, or to
gggo^,

we may strictly dis-

pense with any reduction of the observed heights of the baro-

meters, or subsequent augmentation of the approximate altitude,

if we make our calculations in the first instance on the suppo-

sition that 1000 +
528000 ^^^^' ^^ ^^^^ correctly 1000

H-gggi
= 1002*51 vertical feet of dry air at 32° F. and under the pres-
sure of 26*0988 inches, will counterpoise one inch of mercury in

the latitude of 45°, or more conveniently if we admit that the
inch of mercury will balance 1000 feet of the dry air under a

pressure of 26*1643 inches.
' r/c ,-:

•

j -.i:;

When the mean temperature differs from 32° F. the value in

feet of T^zu
of the height of the barometer will vary, and we

must augment (or diminish) the 1 3*25 feet at the rate of— per

degree of the difference. To meet this slight correction, we
have but to consider the dilatation in volume of dry air as

;j^^
in lieu of— per degree.

To prove that the view we have taken of the subject is quite
correct, a table is subjoined of the value of the correction at dif-

ferent elevations, and temperatures of the air, strictly calculated

on the supposition of the lower barometer being placed at; the

level of the sea.
,

..^

Elevations ofthe Upper Barometer above the Lower one placed at
'-

if; ,^., the Level of the Sea.
J

x\x|3i9in
ao .irnjd o Temperature of thcAm^j suj ." aorrax: ; in itHl^tY.m

1 mile 12-3 . . . . 13-2 . . . ; IS^P ^Z. .14*4 ..i. 15*0 feei.

.^'Uhi^m:w.^/m:^... 41*6 .... 43*;3 ...;4s^.^!f [

Gravity dnmhiShmg as we ascend above the surface of. the

eartli, JL]t Ipllows that a pendulum clock taken from the level of
the sea I9iiie summit of a mountain would haye it's rate of going
retarded. Some experiments of this nature undertakeu in



92 Mr, Nixon on the Theory ofthe [Aug.

Faussiffny with a view to determine the vertical difference of
level of the stations proved quite unsuccessful. The probable
reason is, that the stations differed

materially
in latitude, so

much 80, and in such a manner, that tlie correction for the latter,
had it been attended to, would have exceeded the other, and in

an opposite direction.*

Correctionfor the Attraction of Mountains,

When we consider that the surface of the earth (restricting
the term to that part of it coinciding in level with the sea), is

generally covered, especially in the scene of barometrical obser-

vations, with ponderous mountains, and that the correction for

the diminished gravity of the mercury, although reduced one-

half, is subtractive, and the one for the air (still additive) merely
hair the amount for depths ^^or differences of level), below the sur-

face, we must be sensible that barometrical measurements made
in the midst of a mountainous country must tend to err in

excess.

From the attraction of the steep acclivities forming a narrow

valley, &c. the particles of air therein are more numerous than

in a similar volume of air under the same pressure, &c. taken

from a situation unaffected by local attraction. Now as this

accession of density does not sensibly extend to the strata of

the atmosphere incumbent on those within the valley, the den-

sity of the latter is too great for the pressure, and the same

depth of air requires a greater column of mercury to form a

counterpoise. The error in excess in small differences of level

measured in similar situations is incredibly great, as I have had

frequent opportunities of verifyingby a comparison ofthe levelled

^nd barometrical altitudes.

When the lower station is an extensive plain, and the upper
barometer is placed at the bottom of a deep ravine, or gorge, the

increase of the density of the air therein causes the mercury to

stand too high, and the computed altitude must fall short of the

truth.

Correction for the Difference of Temperature of the Mercury of
the Barometers.

Mercury expands with increase of temperature : according to

the approved experiments of MM. Dulong and Petit^ its volume

at 32^; F. is altered
qooT)

for a variation of temperiBitiii*^ equal to

|o p^ The densities ofequal weights of fluids being reciprocally

iia,t|ie Volumes, and their pressures equal to theii*'^eights mul-

• At the level of the sea, water boils at 2 1 2° under a pressure of 30 incbefi of mer-

cury, but would not the ebullition at the same temperature take place AtibQ devatkn

«f four miles, although the barometer stood there at .'JO inches + rxr- ?^
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tiplied by their mean densities,* it follows that the heights of

two barometers sustaining the san)e atmospheric pressure, but

exposed to different temperatures, will not coincide; the column

of the one having the inferior temperature being shorter than

the other in proportion to the increase of density. The observed

heights will, therefore, require to be reduced to their value at

32° F. or simply, as the specific gravity of the mercury, if the

same in both instruments does not affect the calculation, the

length of the one column must be reduced to its height at the

temperature of the other. But this reduction, as it supposes
the scale of inches, generally of brass, to be unaffected by change
of temperature, is of course overrated

;
were the linear dilatation

of the scale equal to that of mercury in volume, the heights of

the barometer would not in fact require a correction for differ-

ence of temperature. The fraction expressing the reduction

must consequently be equal to the expansion of mercury mhms

that of brasSjOrtoryjTg per degree from 32° F.f if

To construct a table enabling us to correct the altitude com*

puted from the observed pressures, we have but to find as a basis

the value in feet of the correction for a difference oftemperature
of the barometers equal to one degree, the air being at 32°.

Whatever the heights of the columns, provided we reduce them

all in the same ratio, or of
(jy^ + jyj^

of 11153
=)YiTEi'i^^^

heights of the columns of air at 32° F. balancing the minute

columns of mercury intercepted by the observed and corrected

heights will be sensibly equal. The 1000th part of 30 inches is

0-030 in. and the same proportion of 15 inches is but half the

quantity, yet as the former supports double the pressure of the

latter, its density is greater in the same ratio, and the heights,

inversely as the densities, are alike. Under a pressure of

26-208 inches, one vertical foot of air at 32° F. half saturated

f|'lt,ij qttitt sjippriiHjup. ^o. jgewjaTki^.tlj^j^^e, i^warfased. diameter;
of A^, ^lu^rajtj|^

mercury from the dilatation of the glass of the tubes does not interfere with the equtK-
brium of pressure of the atmosphere and the mercury, and must not be regarded.

-

, ^ Expansion of mercury (in volume) 1 : I '000 100 10

.f ^
Ditto brass (linear). ....l....'l : 1*00001044 >

r^ee a valuable paper on the Expansion of INfetals^ "feci'by the (now) t^re'sidient hVxxst

^ondou Astronomical Society, inserted in the second voltime of their Memoirsf^or ',;

Ij:
RuU To reduce the observed height to its length at 32° F. multiply it by the

number of degrees of the^ attached thermometers above 32°, and divide ]the product by
1 1 1 5? ipjus the multiplier. The temperature being below the freezing point, multiply

by the number of degrees below 32°, and divide the product by 1 1 153 Mnus the mul-

tiplier.

'•^•For tln^ stationary barometer, generally above 38° in these climates, we might apply
nvonstant divisor that would caitse the least errors between 32° and 82°. It wouldc^
course exceed the ai^ithmetical mean of 111 33 and 11 203, the divisors at tliose tempCT-
atures,

"

-TT-T
' *'""^'^^ ''^' 'f- '>'^^'" *-'^'''-''' "t^J^-'^ro'r.AD ad.t ri^fmrt^I-: ..*rvU'~\ iwite
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with moisture counterpoises 0*00 1 in. of mercury, allowance

being made for the diminution of gravity in the vertical line.

Dividing 26208 by ttTsa^
^^ hviy^ 2*35, the correction in feet for

one degree of difference of the attached or interior thermome-
ters of the two barometers, subtractive from the calculated

height, when, as is generally the case, the instrument at the

upper station is inferior in temperature to the other. Substitut-

^^^4^1 f*^^
AHQ

^^ ^^ niean rate ofexpansion per degree ofhumid

air, we alter the 2*35 feet in conformity for other temperatures
of the air.

The mean value of forty-one degrees of difference of the inte-

rior thermometers (the mean of the detached ones being 50°),

being equal to 100 feet, were the artist to divide forty-one

degrees of the scale into 100 equal parts, making the zero of the

new scale to correspond with 0^ F. and numbering the divisions

upwards to designate them SiS feet j
we should note at the two

stations the number of feet opposite the summit of the column
ofmercury in the thermometer in lieu of the degrees, and deduct
their difference (the upper barometer being coldest), from the

altitude calculated with the observed pressures.* When the

difference of level of the stations is great, the two detached

thermometers may differ considerably, and some Httle correction

should in strictness be apphed when the mean temperature of

the air differs from 50°. The difficulty of ascertaining the mean

temperature of the mercury is, however, so great, and the value

of its dilatation so variously given by different experimenters,
that it would be mere affectation of exactness to regard it. Its

value with the proper signs affixed is subjoined.

Difference of the detached Thennometers,

Mean Temperature of the Air.
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air. Ramond (or it may be an error of his translator in reducing
metres to feet) states the correction per degree C, at the mean

pressure of the atmosphere to be more than 3-lOOths ofan inch,
and equal in elevation to more than 3 feet. The correct quanti-
ties are 5-lOOOths of an inch, and more than 4 feet. The dila*

tation of TTTT. used by Ramond has been discovered to be incor-
5412 •'

rect from a mistake in the calculations of the experimenters.

Granting the assigned values of the dilatation of mercury and
brass to be correct, if we suppose one of two syphon barometers,
alike in every respect in their construction to be placed at any
elevation on the side of a mountain, and the other exactly 423
feet above it, the mercury of the instrument at the base being

constantly maintained at the freezing point, and that of the supe-
^

rior one at 212° F. then would the observed heights of the mer^^^

curial columns (the air being at 32°) be aiikey without regard td**

the atmospheric pressures or variation of the pressures they'^

supported. '^.W

Correction for the Aqueous Vapour contained in the Atmospheres^

An atmosphere of aqueous vapour uniformly of the same

temperature would decrease in density in geometrical progression!
for equal perpendicular ascents; but as its specific gravity conjrf.

pared to dry air is as 10 to 16, it follows that if its density at

an altitude of 16,000 feet should be found to be diminished one-

half, a decrease in the same ratio of the density of the dry air

would take place at an elevation of 10,000 feet; the pres-
sures of the two fluids at the base being the same, and theiiTj

temperatures alike.

An equal weight of dry air being mixed with the vapour, the

two fluids would exist as distinct atmospheres, the particles of

the one not pressing on those of the other,* and consequently

maintaining their peculiar arrangement of density undisturbed.

At the base the pressure would be double its former value, but
as the altitude increased, this ratio, for the reasons assigned,
would continue to diminish. Should the temperature of the

mixture decline in proportion to the altitude, the diminution of
the density of the vapour would be more conformable to that of
the air

;
—the decrement of temperature being sufficiently rapid,

it might even exceed it. So numerous and variable are the

causes tending to disturb any regular law of the variation of the

density, that we may consider the mean density of a stratum of
moist air as equal to that of one of dry air under the same pres-
sure, but of a temperature superior to that indicated by the

detached thermometers, by the mean of the equations for the

observed dew-points at the two stations, computed as pointed

* Dalton.
" ''

- - > o
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out at p. 60, vol. X. Substituting^ these augmented temperatures
for those obaervtd, v.e proceed in our calculations precisely the

siuiue us for dry air. VVhen we coaie to the explanation of the

tables, the method will be more fully described.

But what are the equations when the observer has been
unfurnished with a hygrometer? Laplace has found on inves*

ligation of the observations of Ramond, that the correction for

humidity in the mean state of the atmosphere may be made
(without regard to pressure) by adding to the mean of the

detached thermometers half the equation for saturated air sup-

porting at that mean temperature a pressure of 30 inches.*

The degree of saturation of a section of the atmosphere may
vary from several causes. It will be greater, ca^teris panbus, in

a maritime than an inland situation
;
and in the midst of moun-

tains, especially if marshy, than when surrounding an arid peak
isolated in a level district. When the temperature is low, the

probability of the air being more nearly saturated is increased,

particularly if the wind should be from a quarter where the

(Quantity
of vapour, from the proximity of the sea and the supe-

nor temperature, should naturally be considerable. We are also

led to infer from the experiments made in different latitudes

with the hygrometer of Mr. Daniell, that the correction for

humidity should be greater at the same temperature for eleva-

tions above the sea not exceeding 5000 feet than for extraordi-

nary altitudes.

Guided by these remarks, when the observer conceives the

atmosphere to be unusually damp, let him add to the mean

temperature two-thirds of the equations given in the table at

p. 50, vol. X. On the other hand, when the air is judged to be
in a state of extraordinary dryness, he may consider the degree
of humidity as equal to one-third of the maximum quantity, and
make his corrections in conformity.

( To be contimced.)

* The formula of Laplace is incorrect for temperatures a little bdow (P C. The

augmentation of the dilatation of dry air j
—

) to—^ in order to cover the increase
•^

\'x?67/ 250
of humidity at elevated temperatures beyond its mean quantity at 0° (introduced in the

general coefficient) has the effect of making moist air at low temperatures appear more
dense than dry air.
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Article II.
>

A Si/nopsis of the Genera of Cirripedcs arranged in Natural

Famines, with a Description of some new Species. By John
Edward Gray, Esq. FGS.&c.

^

(To the Editors of the Annals of Philosophy.)

GENTLEMEN, ,.
British Museum, June 9, 1825.

Barnacle and acorn shells first attracted the attention of

the older naturahsts on account of the fables that they were the

origin of the immense flocks of barnacle geese, as described by
Gerard and others, but they were afterwards studied zooiogi-
cally,

Linnseus placed these animals together in a genus under the

name of Lepas, considering the animal as similar to his unfi-

gured, and at present unknown, genus Triton.

Their anatomical structure has been displayed by John Hun-
ter, SirEverard Home (Comp. Anat.), Poh (Test. des deux Siciles),

Cuvier (Ann. du Mus.), Savigny, Biainville (Anat. Comp.), and
others.

The zoological characters of this group of animals have been
much studied by Bruguieres, Lamarck, Schumacher, Leach, and

Ranzani; but it has been peculiarly unfortunate in having been

chiefly attended to by naturalists who appear to disdain to

consult and quote the works of others, or even to use their'

names, as may be observed by the following chronological list

of genera, with the synonyma of the subsequent zoologists.

tister. Conch. 1685.
L Anatifera. Pentalasmis, Hill, Anatifa, Lam. Ptntale-

pas, Blain. Lepas, Brug.
2. Balanus. Monolepas, A/ee;/, who divided itinto 2 §. 1. Jn-

•gipyle, and 2. Platipyle.
Hill, Gen. Nat. Hist. 1752.
3. Follicipes. Ramphidoma, Schum. Mitella, Ock. Penta-

lepas **, Biainville.

Klein, Ostracologia, 1753.
4. Polylepas. Diadema, Schum. Coronula, part. Lam. Co-

ronula. Leach.

5. Astrolepas. Coronula part, X«m. Chelonobia, Saii^ny^
MSS. Leach. Verruca, Rumph.

6. Capitulum. Pollicipes, part^ Leac^?
LrNN52us, Syst. Nat. 1767.

Lepas (for the whole), now abolished, as the ctlier namei
were used prior, and this means properly a Patella.

L^Liimrck, Litrait du Cours. 1812.
7. Tubicinella.

New Series
J
vol. x. H
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Schumacher, 1817.

8. Malacota. Branta, Ocken. Otion, Leach, Conchoderma,
Olfers. Auritella, Blainv, Gymnolepas, Blain. Diet,

. 9. Senociita, Cineras, Leach. Gymnolepas, Blain,

10. Tetraclita. Conia, Leach,

11. Verruca, Clisia, Savigfij/, MSS, Ochthosia, Ranzani^

Creusia, Lam.
12. Diadema, Coronula, Leach.

Leach, Enci/, Brit. Sup. 1819.

13. Acasta. Balanus, Blainv. Sow,
14. Creusia,

15. Pt/r^omay Savigny, MSS, Creusia, Blain,

16. ScaTpellum, Polylepas, Blain.

There are several other genera named by this naturalist in the

collection of the Museum, but they are without characters.

Say, Journ. Acad. N, S, Phil,

17. Conoplea. Mesula, Leach, MSS, Balanus, Lam,

Sowerby, Genera,

\%, Lithotrya, Ahsm, Leach, MSS, Litholepas, JB/<n/z.

Ranzani, Mem, di Stor. Nat,

19. Chthalamus.
20. Cetopirus, Coronula, part. Lam,
21. Asemus.

' This class of animah has been confounded by most authors, as

CJuvier, Dumeril, &c. with the Mollusca; indeed the latter first

separated them and the Brachiopodous Mollusca into a group
from the rest under the latter name, but they were very properly

distinguished from these animals by Lamarck, and considered

as a distinct group between the Annulosa and Mollusca. Latreille

considered them as Annelides, and Mr. W. S, Mac Leay has

lately pointed out their position to be an annectant group
between the Crustacea and the Radiata. Their affinity to the

former is striking ; it is not so apparent with regard to the latter,

but this will most likely be more obvious when they become
more completely known.

Class. ClRRIPEDES.

Lepas, Triton? Lifi. Nematopoda, Blain. Cirripoda, Lam.

Brachiopoda, Dumeril. Cirripeaa, Lam. Hist.
' Animal.—Body soft, conical, ending in a slightly ringed tail,

inclosed in a fleshy sac, which is open at the hinder or anal

extremity. Leg;s six pair, placed on the side of the tail, each

ending in two compressed jointed, horny, and often ciliated

tippend'ages. Protected by a shelly case, formed of a certain

number of shelly plates, which surround the body more or less

completely.
Head not distinct, eyes and tentaculanone. Nervous system
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consisting of a longitudinal series of ganglia united by a double

cord, and several scattered ganglia,
^: Mouth placed at the base (or attached part) of the animal,
furnished with three pair of horny jaws. Alimentary canal

mostly simple, vent situated at the base of the proboscis-like
terminal tube. The gills pectinate, one on fcach side at the base

of the anterior pair of feet»
'

Hermaphrodite, oviparous, the aperture of the organs of reprof
duction placed at the end of the proboscis-like tube.

Attached directly, or througb the medium of a tendinous tube,
to marine bodies. Living on small sea animals which they col-

lect by means of their legs. Growing very rapidly.
Linna&us considered the whole of the Cirripedes as one genus.

The French naturahsts generally look upon them as an order of

mollusca, but Mr. W. Mac Leay has lately proposed, I believe

very properly, that they should be regarded as an annectant

class similar in rank to the Annelides, Tunicata, &c. Classes

are usually divided into orders, but on account of the small num-
ber of genera at present known in this class, I have thought it

right to follow the plan used by Mr. W. Mac Leay in his excel-

lent paper on the Tunicata, just published in the Linnean Tran*

sactions, and to divide it into Families.

Lister divided this group of animals into two genera, calling
them Anatifera and Balanus. Bruguieres followed him, but

changed the former name for that of Lepas, His genera may
be considered as the primary division of the class, and the for?-

toet appears to be the Normal group.

Synopsis of the Families.

L Body compressed^ peduncled. Anatifera, List,

Peduncle naked ANATiFERiDiE.
Peduncle scaly or hairy PoLLiciPEDiDiE.
IL Body coronal, sessile, Balanus, List,

Operculum valves articulated.

Base concave PyrgomATip^.
Base flat or none Balanidje.

Operculum valves separate Coronuljp^.
§ 1. Normal Group?—Body oval, compressed; open on the

posterior ventral part, and prolonged to be fixed into a fleshy pe-
duncle

; shelly valves, five or more, imbedded in the coriaceous

tunic, not articulated together, increasing by addition to their

whole edge.

Fam. 1. Anatiferid.e, Gray,
Body compressed; shelly valves, five or eight; one pair

behind, and one or two. pair before the legs; one plate on the
back (rarely divided across) ;

sheath of the peduncle smooth j-

destitute of additional scales^ . . ... ,.m... .
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*Bodi/ subcompressed ; shelli/ plates small,

Gen/l. Malacota, Schum, (n. 8.)

Body club-shaped, with two cylindrical fleshy processes

behind, just above the posterior shelly plates.

M. bivalvis, Schum. Lepas aurita, Cuvier.

2. Pamina, Gray.

Body club-shapedf, with a cylindrical fleshy process behind,
between the posterior plates.

P. trilineata, Gray. Mits. Brit,

3. Senoclita, Schum.(n,9),

Body club-shaped,
attenuated ; hinder part, simple.

S. fasciata, Sclium, Lepas membranacea, Montague.

"^^Body compressed ; shelly plates large.
4. OcTOLASMis, Gray.
Body subcompressed ; shelly plates eight small, three lateral

pair and two dorsal
;
the posterior valves linear ovate, with a notch

for the end of the linear ventral valve ; lateral central valve

triangular ;
dorsal valves two, meeting at the angle of the back

0. Warwickii, Gray. Heptalasmis Warwickii, Leach, MSS, ;

'but it has certainly eight valves. Mus. Brit.

5. Anatifera, Lister (n. 1).

Body compressed ; shelly plates, five, large, two pair lateral,

and one dorsal ;
lateral valves subtriangular ;

anterior pair very

large ; dorsal valve incurved.

t Valves submembranaceous, dorsal one angulated, peduncle
short. Dosima, Gray.

D. fascicularis. Gray. Lepas fascicularis, Montague.
-ff Valves shellyyfurrowed, dorsal one rounded, peduncle short,

A. sulcata. Gray. Lepas sulcata, Montague.
ttt Valves shelly, smooth ; dorsal one rounded; peduncle long.
A. vulgaris. Lepas anatifera, Lin.

Fam. II. PoLLiciPEDiD^, Gray.
Body compressed; shelly valves distinct; peduncle coria-

ceous, covered with hair or shelly scales.

*Shelhj valves smooth, placed one above the other. Living on

wood, or on other marine bodies.

1. Scalpellum, Leach {n. 16).

Shelly plates, 13. Lateral plates six pair, subtriangular ;

dorsal one, linear kneed
; peduncle annulatecl, with shelly scales.

1. S. vulgare, Leach. Brit. Mus.

2. Smilium, Leach, without character.

Shelly plates, 13. Lateral plates five pair, subtriangular;

central and dorsal anterior plate, triangular, incurved ;
dorsal

plate, linear, kneed ; peduncle pilose.
S. Peronii, L*ach, MSS. Brit. Mus.
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3. PoLLiciPES, Hill (n.3).
•

Shelly plates, 33 or 35. The posterior and posterior ventral

pair, and dorsal plate large; the rest (14 or 15 pair), small,

forming two or three series, the hinder ones largest ; peduncle,
covered with shelly scales, bald.

1. P. cornucopia. Leach. Lepas poUicipes, Lin, Ramphi-.
doma vulgaris, Schum, P. Smithii is not distinct from this

species.

4. Calantica, Grai/,

Shelly plates, 15. The posterior and posterior ventral pair and
the dorsal plate large ;

with eight smaller scales, forming one

series, of which the dorsal and ventral are the largest; pe
duncle scaly, covered like the shelly plates with hair.

C. Homii, nob. PolHcipes tomentosus. Leach, (descrip.) P.

hispidus. Leach, (plate).
1 have dedicated this extraordinary species to Sir E. Home,

who has most carefully examined the structure of the animals
of this class.

5. Capitulum, Klein. ^>^» ^/
. Shelly plates, 34. The posterior and posterior ventral pair,

large, subarticulated ; the lateral medial pair, and the dorsal

and ventral plate middle sized, long triangular ; with a series of

13 pair of small plates, at the top of the peduncle ; peduncle,
scaly, bald

; shelly plates subsulcated.

This genus appears to be intermediate between this and the
next section. I do not know its habits ; it may be Lithophagous
or a Lithodome. Rumphius is the only author who has figured
its peduncle.

C. Mitella, Grai/. Lepas Mitella, Gmelin,

^^
Shelly valves transverseli/, acutely, and reversedly sulcatedf

forming one series. Forming or living in holes in rocks, shells, &c.

LiTHOTRYA, Sowerby (n. 18).

Shelly valves, eight ;
two pair lateral, one dorsal, one ventral,

and a series of minute shelly scales. Peduncle short, thick,
reversed conical, with a hole at the anterior part near the attach-

ment; attached to a concave, irregular, shelly valve. Living in

holes in rocks, perhaps formed by itself, as the irregular plate,

appears to move gradually down its side.

L. dorsalis. Sow. Lepas dorsalis, Ellis. Absia Lesuerii,

Leach, MSS.
Mr. Sowerby only describes seven valves.

Ibla, Leach, without character. •

Shelly valves, four
; posterior pair elongated, slightly curved ;

ventral pair, triangular short
; peduncle cylindrical, contracted

near the attachment, covered with hair-like processes.
I. Cuvieriana, LeacA, M^SaS. Yalves transversely annulated,^

larainse pointing towards the peduncle. Mus, Brit.



102 Mr. .Grdt^ on the GenerA^ (ikvipedes, [^U4i

CONCHOTRYA, GrOT/,
'

Shelly plates, five ; two pair ventral, and one plate dorsal ;

peduncle ?

Lives in holes in shells.

C. Valentiana, Grai/, Shelly plates, thick, transversely lameU
lated.

Inhabits Red Sea in the valves of Ostrea Cucullata, Bornj
Lord Vakntia, t

BRTSNiEUS, Leach
J without character.

Shelly plates, seven
;
three pair lateral, and one valve dorsal.

Body cyhndrical conical. Peduncle or base ?

Living in holes in stony corals
;
the holes are clean without

any shelly deposit.
J3. rodiopus. Leach, Shelly valves, all transversely lamellar*

Mus, Brit,

IL Annectcmt Group? Body conical, cylindrical. Shelly
valves, four, or six, or eight, articulated together laterally^ ana
sometimes to a shelly cup, called the support, which closes the

front of the shell, the hinder part closed by an operculum formed
of two or four valves, which leave an aperture for the passage of
the feet; the shelly valves increasing only at their broadest or

anterior edge. Attached immediately to or imbedded in marin«
bodies.

Obs. The operculum appears to represent the posterior and

posterior ventral valves of the former group.

Fam. in. Pyrgomatid^, Groy.
Body, four, or six-valved; operculum four-valved, oblique,

valves articulated together ; base shelly, concave, cup-shaped.
Living imbedded in zoophytes.
Each genus of this family appears to be peculiar to a certain. .

genus or group of zoophytes.

^Shelly valves of the hody, four, sometimes united together.

Living; buried in stony corals.

1. Pyrgoma, Savigny, AISS, Leach (n. 15).

Valves of the body of the shell 4, soldered together ; sheath
of the operculum very small

; operculum conical, four-valved,
ventral valve linear, posterior valves hooked narrow triangular.

P. cancellata. Leach. Shell radiately ribbed.

P. lobata, Gray, Shell concentrically striated, deeply lidbed.

2. Daracia, Gray,* Savignium, jLe«cA, without character.

Valves of the body of the shell, four, soldered together ; sheath

•
Although I have*heen desirous from courtesy to preserve even the manuscript

of Dr. Leach, I have here been necessitated to change one, as itj^ against the-

ntks of zoological nomenclattii«»
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of the operculum none; operculum convex, two-valved, the

ventral and posterior valve of each side being soldered together.
D. Linnsei, nob, Esper Zooph, Madrep, t. 85.

Obs. Linnaeus describes this species as part ofhis M«<frejoom

'Polygama, and appears to take the name from his behef that the

coral was inhabited by two kinds of animals.—(See Lu/. Sy^.
Nat. 1275 ; Am, Acad. iv. 258, t. 3, f. 15 ; Esper. Zooph. i. 29 ;

Boddaert, Elench. Zool. 324.)

3. Megatrema, Leach, without character.

Valves ofthe body of the shell, four, soldered together; sheath

of the operculum nearly as long as the valves; operculum
conical, four-valved, valves subtriangular.

fSupportofthe valves immersed. Valves finely striated.

. M. Stokesii, Grai/. Mas. Brit, on Fungia.
i^t Valves convex ; support of the valves conical exserted ;

Adna, Leach, no character.

M.A. Anglica; valves and support radiately grooved, and

concentrically striated
; Devonshire, Mas. Brit, on a new species

oi Caryophyllia,

4. Creusia, Leach (n. 14).
Valves ofthe body of the shell 4, distinct ; sheath of the oper-

culum nearly as long as the valves
; operculum conical, four-

valved, valves triangular.
-^Base convex, prominent, sitting on the coral ; shell convex.

: :r

C. spinulosa, Leach. Mas. Brit.

Dr. Leach describes the valves of the operculum as soldered

two and two, but they are not so in the Museum specimens.
ffBase sunk in the coral; body of the shell nearlyJiat.
C. Childreni, nob. Mas. Brit.

^^
Shelly valves of the body, six. Living in or on the surface

of horny or barked zoophytes.
•

5. CoNOPLEA, Say (n. 16).

Body short
;

valves six, elongate, distinct, truncated
;
ven-

tral, dorsal and lateral dorsal pair large; lateral ventral pair
small

; operculum conical pointed, four-valved. The base elon-

gate keeled. Attached to the stems of GorgonicK.
1. C. elongata. Say. The base elongated behind. N. Ame-

rica. B. galeatus, Gmelin.
2. C. ovata, nob. The base ovate. Africa.

6. Ac A ST A, Leach (n. 13).
Globular

;
valves six distinct^ long triangular ; apex acute ;

the ventral, dorsal, and lateral dorsal pair, large ;
the lateral

ventral pair, small; operculum conical, acute, four-valved. Base

hemispherical. Imbedded in sponges.
1. A. Montagui, Leach. Lepas spongiosa, Montague.
2; A. laevigata, Gray, Shell subglobular, yellow, unarmed.

Valves fiuely concentrically striated ;
the Trppics.
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' Fam, IV. Balanidje.
Shell of the body, four, six, or eight-valved ; operculum four*

valved, oblique, valves articulated, ^ase none, or shelly, imita-

ting the substance to which it is attached. Attached to all sorts

of marine bodies,

* Shell of the body six-valved ; valves unequal; the lateral ven^

tral pair smaller than the rest,

Ba la n us. Lister (n . 2).

Body conical; six-valved ; operculum conical acute, four-

valved.

^. Tintinnabulum, ^rwg..
There are two

species in the Museum named Elminius, by
Dr. Leach, which ni the dissected specimens have only four

valves displayed, by which character tne Dr. most probably in-

tended to separate this genus ;
but on examining the other speci-

mens, the six valves are very distinctly to be seen ;
so that they

are true Balani. The opercula appear nearly horizontal; they

toay be what is intended by the following genus, which I

nave not seen
;
this idea is strengthened by one of the species

being from Sicily.

' Chthalamus, Ranzani in, 20),

Body very depressed ; valves six; area very prominent, nearly
equal? The internal plate short; base membranaceous; mouta

nearly equally four-sided
; operculum somewhat pyramidical

four-valved, horizontally attached by a membrane to the mouth.
C. stellatus, Ranz. Poll Moll. t. 5, f. 12—17.

"**
Body,four or eight valved ; valves unequal ; substance often

thick, porous; base none.

OcTOMEiiis, Soicerbij,

Body depressed ;
conical

;
valves eight, thick ; operculum

subconical ; four-valved.

0. Stuchburii, Gray, Africa?

I have seen this»shell in the shop of Mr. G. Sowerby ;
who

is, I understand, about to describe it under the above generic
name.

Tetraclita, 5lAww. n. 10.

Btody, cotiicaK; valves four
; operculum, four-valved.

^\'Asemus, Ranzani ; sutures
oj'

the valves indisti?tct.

1. A. stalactifera, Ranz, Blain, Ency, Method, t, 165, f. 9,

10. C.^orosa, Leach ?
' ' '

;

.

'^ ^
,

tfConia, Ranz, (not Leach); sutures vert/ aistincL.

T. C. radiata, Ranz, Blain, Ency. Method, t. Iq4,, f- 15.

Tetraclita squamulosa, S'chum. L. J ungites, C^ew?; yiu* i» 98^

'•8f- . ,

.. .,..•' M;^T.i--
Verruca, Schiun. n. 11.

'

Body depressed, four-valved, valves oblique, sulcated j

operculum convex, four-valved ; valves soldered, 2 ^nd 2.
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V, Stromii, Schum, Balanus striatus, Pen, Brit, ZooL
Clisia striata, Leach. Creusia Stroinia ? and C. verruca, Lam,
Hist.

Fam.V. CoRoNu LI D^, Gray.
Body, conical, or cylindrical ; six-valved ; valves, cellular

; oper*
culuin, four-valved, horizontal ;

valves imbedded in the tunic

(not articulated) ;
base none, or membranaceous. Imbedded in

or attached to the organic parts of sea animals, as whales, turtles,

crabs.

1. TuBiciNELLA, Lam, (n, 7),

Body cylindrical, or front rather contracted; operculum,
valves equal.

T. trachealis. Lam,

2. PoLYLEPAs, Klein (n, 4),

Body subdepressed. Mouth nearly circular; valves very
thick, outside lobed, inside many cells

; operculum, posterior
valves largest.

tDiadema, Schum, Convex, front of the cavity contracted,

P. D. Kleinii, Gray. P. Balaenaris, Klein, tepas Diadema,
Lin.

tfCetopirus, Ranz. Depressed, front of the cavity scarcely
contracted.

P. C. vulgaris, Gray. Coronula Balaenaris, Lam,

3. Platylepas, Gray. Coronula, Ranz. part Lam,

Body depressed. Mouth ovate. Valves, outside two-lobed;
inside celled, midribbed; operculum, valves nearly equal.

P. pulchra, Gray. Shelly valves finely transversely striated
;

sutures smooth, Corsica. Mas. Brit. Chelonobia, species. Leach,
C. bisexloba, Ranz.

This genus is very interesting, as being exactly intermediate

between Polylepas and Astrolepas : it has the cells of the former,
and the form and operculum of the latter.

4. Astrolepas, Klein (n. 5).

Body depressed. Mouth six-sided. Valves thick, subsolid,
base toothed, rugose ; operculum, valves equal.

1. A. Testudinaria,Gray. Shellyvalves, radiately substriated;

sutures, distinct, simple. Balanus Testudinaria, Lin. Coro-
nula Testudinaria, Lam.

2. A. rotundarius, Gray. Shelly valves, smooth : sutures, wide,

transversely pitted. Balanus rotundarius, Lin. A. Testudina-

ria, Klein.

3. A, Uzvis, Gray, Shelly valves, smooth
; sutures distinct,

simple.
Coronula denticula, Say ;

foutid on the clypeus of the King;
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Iprab, will most probably form a new genus of this family : it is

curious as not being parasitic on vertebrated animals. I have

found another exception in A. lavisy living on a specimen of

Voiutaporcina,
The affinity which exists between the families of this group

is not very apparent at first sight ; but upon examination, the

passage from one to the other is very striking, and sometimes it

is very difficult to decide to which family the genera should be

referred, as may easily be imagined when I state that both Dr.

Leach and Blainville placed the second section of the Anatife^
rid(E as genera of the family PoUicipedidc£y and several of the

second section of the latter family are so exceedingly aUied to

|he Fi/rgofiiatidfC both in their structure and habits, that 1 was

very doubtful to which family they should be referred, nor was
I satisfied till I had reason to believe that Lithrotnja, which
has many of the characters of Pollicipes, was lithophagous, and,

therefore, agreed in habits with Brisnaus and Conchotri/a, the

genera under consideration.

'. Thus the transition of the Pollicipedidcc of the first group to

the PyrgoinatidcE of the second, appears very natural, but the

genus which forms the junction is yet wanting, for the last

genera of the former family may be known from the genera of

the Pyrgomatidec by their always appearing to form themselves

^by. chemical action most probably) the holes which they inha-

bit, whereas the cells in the corals inhabited by the latter family
are caused by the animal raising up its body, and adapting itself

to the growth of the zoophyte to which it is attached, which

in fact often overruns and destroys it. The passage from

the Pi/rgomatida to the Balanidai must be very evident when
both Blainville and Mr. Sowerby have placed the genus ^ccrs^o,

and Lamarck the genus Coiiopkaj both of which have evidently
the habits of the Pyrgomatida as species of the genus Balanys,

The genus Tetraclita of the second section of the Balanidce

wants the shelly base, and has the cellular structure of the valves

which is so peculiar a character in the Coronulidcd, which also

has only a membranaceous base.

Another peculiar character of the latter family is that the

valves of the operculum are small and distant one from another,

^nd simply imbedded in a membranaceous tunic, which pro-
trudes considerably beyond the mouth of the shelly valves : now,
as 1 have before observed, as there is reason to believe that

the valves of the operculum are analogous to the pdsterior and

posterior ventral valves ohheAnatiJhid(c, there must be an evident

resemblance in structure between the genera of the 'fiist section

ofthe tatter family, where these vidves are exceedingly small, and

the genera of Coro^iulidcc. But this is only an affinit^
of general

structure, the genus intermediate between these families is'still

a desideratum, for the nearest approximation which I know of



tS35,j arranged in Natural Farmlih* lOT

at present is between the genera Malacota and Tubicinella, both
ofwhich are subcyUndrical, although one evidently belongs to the

compressed, and the other to the depressed group of the class.

The families are susceptible of several methods of division, but
that used by Lister appears to be most natural : thus, in Anati-*

feridoi and Coronulidaij the base and support of the valves is

only a thin naked membrane ;
while in the other three families,

it is more or less shelly; for although it is flexible in Pollicipe^

didcdf its surface is always covered with shelly scales, and m
Pyrgomatida and Balanidcp, it is as completely shelly as the
valves of the body themselves, and the valves of the operculum
are articulated together, and most accurately fit the mouth of

the shells.

/ The older naturalists were inclined to make too few species of
this class

;
but the modern ones, in avoiding this fault, have gone

to the other extreme, by making too many. There is a very-

large collection in the Museum named by Dr. Leach, but

nearly all his names being new (and often two or three to the
same species), without the slightest reference to those of other

authors, they, therefore, cannot be adopted without great exa-

mination. The species are not very easy to determuie, as the

shelly plates ofthe Anatiferid^s ^nd Pollicipedida are exceedingly
apt to vary both in their form and surface, even in the individuals

of the same group. The shells of the Balanidcc dire also greatly al-

tered in their general form by the closeness of the neighbouring^

specimens ; when close they become elongated (thus B.cylindra-
ceus)j and when scattered they are often depressed and spread
out at the base. The surface of the valves is also altered by the

structure ofthe substance to which they are attached thus. Ihave
a Barnacle on aPecten which is transversely ribbed, and another
on a piece of wood where the surface has all the lines of the

grain marked on it. The species of the Pyrgomatidm are often

overrun by the corals in which they hve and are thus destroyed,
and rendered almost useless as zoological specimens.

'

'/; aici'j .... Article III. i^JMiw^-^an^^^^'^'^o ^>'*^^"

Explanatibn of ah Optical Deception in the Appearance of the

Spokes of a Wheel seen through vertical Apertures. By P. M,
, iRogetyMI). i?ES#r;> ,(J\^ith a

Pia^feXo^^iaqu. siU io «-:»vi* v .9'
•

' '

A curious' o'pfical' deception take^'^JD^c^' \men a 'carriage
wheel, rolling along the ground, is viewed through the intervals

of a series of vertical bars, such as those of a palisade, or of a

Venetian window-blind. Under these circumstances the spokes

if^ tile ,%nie]^ 'i;^stead of appearing straigtit^j'^^^^^li^'^^^^ SHj^U?^

* From the Philoiophical Transactions for 1525, Part T,
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rally do if no bars intervened, seem to have a considerable degree
of curvature. The distinctness of this appearance is influenced

by several circumstances presently to be noticed ; but when

every thing concurs to favour it, the illusion is irresistible, and,
from the difficulty of detecting its real cause, is exceedingly
striking.
The degree of curvature in each spoke varies according to the

situation it occupies for the moment with respect to the perpen-
dicular. The two spokes which arrive at the vertical position,
above and below the axle, are seen of their natural shape, that

is, without any curvature. Those on each side of the upper one

appear slightly curved ; those more remote, still more so
;
and

the curvature of the spokes increases as we follow them down-
wards on each side till we arrive at the lowest spoke, which,
like the first, again appears straight.
The most remarkable circumstance relating to this visual

deception is, that the convexity of these curved images of the

spokes is always turned downwards, on both sides of tne wheel;
and that this direction of their curvature is precisely the same,
whether the wheel be moving to the right or to the left of the

spectator. The appearance now described is represented in

PlateXXXVI.fig. 1.*

In order to discover a clue to the explanation of this phaeno-
menon, it was necessary to observe the influence which certain

variations of circumstances might have upon it
;
and the follow-

ing are the principal results of the experiments I made for this

purpose.
1 . A certain degree of velocity in the wheel is necessary to

produce the deception above described. If this velocity be

gradually communicated, the appearance of curvature is first

perceptible in the spokes which have a horizontal position : and
as soon as this is observed, a small increase given to the velocity
of the wheel, produces suddenly the appearance of curvature in

all the lateral spokes. The degree ofcurvature remains precisely
the same as at first, whatever greater velocity be given to the

wheel, provided it be not so great as to prevent the eye from

following the spokes distinctly as they revolve : for it is evident,
that the rapidity of revolution may be such as to render the

spokes invisible. It is also to be noticed that, however rapidly
the wheel revolves, each individual spoke appears, during the

moment it is viewed, to be at rest.

2. The number of spokes in the wheel makes no difference in

the degree of curvature they exhibit.

3. The appearance of curvature is more perfectly seen when
the intervals between the bars through which the wheel is

The appearance in question has been noticed by an anonymous writer in the Quar-

terly Journal of Science (vol. x. p. 285i), who gives, however, no explanation of the

phenomenon. It would have been impossible, indeed, to reconcile the facts as they are

there statetl, with any theory that could be iqaagined for tlieir solution.
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viewed, are narrow ; provided they are sufficiently wide to allow

of the distinct view of all the parts of the wheel in succession,
as it passes along. For the same reason, the phsenomenon is

seen to the greatest advantage when the bars are of a dark

colour, or shaded, and when a strong light is thrown upon the
wheel. The deception is, in like manner, aided by every circum-

stance which tends to abstract the attention from the bars, and
to fix it upon the wheel.

4. If the number of bars be increased in the same given
space, no other difference will result than a greater multiplica-
tion of the curved images ofthe spokes ;

but if a certain relation

be preserved between the angles subtended at the eye by the
whole intervals of the bars, and of the extremities of the spokes^
this multiplication of images may be corrected. The distance
of the wheel from the bars is of no consequence, unless the
latter are very near the eye, as in that case the apertures^
between them may allow too large a portion of the wheel to be
seen at once.

5. If the bars, instead of being vertical, are inclined to the

horizon, the same general appearances result; but with this

difference, that the spokes occupying positions parallel to the

bars, are those which have no apparent curvature ; while the

curvatures of the other spokes bear the same relations to these

straight spokes, and to each other, that they did in the former
case. When the inclination of the bars is considerable, how-

ever, the images become more crowded, and the distinctness of
the appearance is thereby diminished. The deception totally
ceases when the wheel is viewed through bars that are parallel
to the line of its motion.

6. It is essential to the production of this effect, that a com-
bination should take place of a progressive with a rotatory
motion. Thus, it will not take place if, when the bars are sta-

tionary, the wheel simply revolves on its axis, without at the

same time advancing : nor when it simply moves horizontally
without revolving. On the other hand, if a progressive motion
be given to the bars, while the wheel revolves round a fixed axis,

the spokes immediately assume a curved appearance. The
same effect will also result if the revolving wheel be viewed

through fixed bars by a spectator^ who is himself moving either

to the right or left
; because such a movement on the part of

the spectator produces in his field of vision an alteration in the

relative situation of the bars and wheel.

It is evident from the facts above stated, that the deception in

the appearance of the spokes must arise from the circumstance

of separate parts only of each spoke being seen at the same

moment; the remaining parts being concealed from view by
the bars. Yet since several parts of the same spoke are actually

seen in a straight line through the successive apertures, iti^



iiot so easy to understand why they do not connect themselves:

in the imagination, as in other cases of broken lines, so as to

convey the impression of a straight spoke. The idea at first

suggests itself that the portions of one spoke, thus seen sepa-

rately, might possibly connect themselves with portions of the

two adjoining spokes, and so on, forming by their union, a
curved image made up of parts from different successive spokes.
But a Httle attention to the phsenomena will show that such a
solution cannot apply to them : for when the disc of the wheel,
instead of being marked by a number of radiant lines, has only
one radius marked upon it, it presents the appearance, when
rolled behind the bars, of a number of radii, each having the

curvature corresponding to its situation
;
their number being

determined by that of the bars which intervene between the

wheel and the eye. So that it is evident, that the several por*
tions of one and the same line, seen through the intervals of

the bars, form on the retina the images of so many different

radii.

The true principle, then, on which this phaBUomenon depends,
is the same as that to which is referable the illusion that occur*

xvhen a bright object is wheeled rapidly round in a circle, giving
tise to the appearance of a hne of light throughout the whole
circumference ; namely, that an impression made by a pencil of

rays on the retina, if sufficiently vivid, will remain for a certain

time after the cause has ceased. Many analogous facts have
been observed with regard to the other senses, which, as they
are well known, it is needless here to particularize.
• In order to trace more distinctly the operation of this princi-

ple
in the present case, it will be best to take the phaenomenon

m its simplest form, as resulting from the view of a single

radius, fig. 2, OR of the wheel VW, revolving steadily upon its

axis, but without any progressive motion, and seen through a

single narrow vertical aperture which is moving horizontally in

a given direction PQ. Let us also assume that the progressive
motion of the aperture is just equal to the rotatory motion ofthe

circumference of the wheel. It is obvious that if, at the time of

the transit of the aperture, the radius should happen to occupy
either of the vertical positions VO or OW, the whole of it would
be seen at once through the aperture, in its natural position ;

but if, while descending in the direction VR, it should happen
to be in an oblique position RO, terminating at any point of the

circumference at the moment the aperture has, in its progress

horizontally, also arrived at the same point R, the extremity of

the radius will now first come into view, while all the remaining

part of it is hid. By continuing to trace the parts of the radius

that are successively seen by the combined motions of the aper-
ture and of the radius, we shall find that they occupy a curve

"R. a be d generated by the continued intersection of these two

finest Thus, when the aperture has moved to A, the radiut
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will be in the position O a ; wli«n the former is at B, the latter

will be at O /3, and so on.

Again ;
let us suppose that when the aperture is just passing

the centre, the radius should be found in a certain position on
the other side OY, and rising towards the summit. Then tracing,
as before, the intersections of these lines in their progress, we
shall obtain a curve precisely similar to the former. Its position
will be reversed ;

but its convexity will still be downwards.
If the impressions made by these limited portions of the seve-

ral spokes follow one another with sufficient rapidity, they will,

as in the case of the luminous circle already alluded to, leave in

the eye the trace of a continuous curve line
;
and the spokes will

appear to be curved, instead of straight.
The theory now advanced is in perfect accordance with all the

phsenomena already detailed, and is farther confirmed by extend-

ing the experiments to more complicated combinations.

It readily explains why the image, or spectrum, as it may be

called, of the spoke^ is at rest, although the spoke itself be

revolving: a circumstance which might escape notice, if the
attention were not particularly called to it, *

Since the curved appearance of the hnes results from the

combination of a rotatory, with a progressive motion of the

spokes, in relation to the apertures through which they are

viewed, it is evident that the same phaenomena must be produced
if the bars be at rest, and both kinds of motion be united in the

wheel itself. For, whether the bars move horizontally with

respect to the wheel, or the wheel with respect to the bars, the
relative motion between them, and its effects, in as far as con-

cerns the appearance in question, must be the same. The atten-

tion of the spectator should in both cases be wholly directed to

the wheel, so that the motions in question should be referred

altogether to it. Thus, in fig. 4, the real positions, at successive

intervals of time, of the spoke A a, when the wheel is rolling on
the ground in the direction AZ, are expressed by the hnes Aa,
BZ>, Cc, and Dd, While the spoke is in these positions, the

portions of it really seen through the fixed aperture VW, are the

parts a, /3, 7, d, the impressions of which, being retained upon
the retina, and referred to the wheel when in its last position,
form the series of points m, n, p, and q, in the curved spectrum
7ri D.

That the attention may the more Easily follow the wheel in its

progression, it is necessary that its circumference be distinctly

seen, and its real situation correctly estimated. Hence, although
it be true, that by a sufficient exertion of attention the pheenome-
non may be exhibited by means of a single aperture, it is much
more readily perceived, when the number of apertures is such as

to allow the wheel to be seen in its whole progress. For this

reaso4 the phsenomenon is very distinct in the case of a pahsade.
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Bach aperture produces its own system of spectra ; and hence,
when the apertures occur at short intervals, the number of the

«pokes is considerably multiplied ;
but if the intervals be so

adjusted as to correspond with the distances between the spokes
at the circumference of the wheel, the images produced by
each aperture will coalesce, and the effect will be much height-
ened.

A mathematical investigation ofthe curves resulting from the
motion of the points of intersection of a line moving parallel to

itself, with another line revolving round its axis, will show them
to belong to the class of Quadratrices, of which the one which
touches the circumference of the inner generating circle is that

which is known by the name of the Quadratrix of Dinostrates^
Such a system of curves is represented in

fig. 3, where MC,
CN, are the generating radii, A the outer, and B the inner gene*
rating circles, and PQ the common axis of the curves.

All these curves have the same general equation, namely,

y -= {h
"- X . tang, x,

where the co-ordinates are referred to the axis at right angles
to the vertical

generating radii, and passing through the centre

of their revolution : the basis h being measured on the axis from
the point of its intersection with the curve to the centre : and
X being the arc of the inner generating circle, as well as the

abscissa.*

A wheel simply rolling on its circumference exhibits, when
seen through fixed bars, only those portions of the curves which
are contained within the inner circle

;
but when its motion of

revolution is more rapid than its horizontal progression, as when
it is made to roll on an axle of less diameter on a raised rail-way,
then the remaining portions of the curves will be seen, and

others, on the lower part of the wheel, having a contrary flexure,
will also make their appearance. These are seen at FF in fig. 3.

If the spokes, instead of
being straight, be already curved,

like those of the Persian water-wheel, their form, when viewed

through bars, will undergo modifications, which may readily be
traced by applying to them the same theory. Thus, by giving a
certain curvature to the spokes, as in fig. 5, they will at one part
of their revolution appear straight, namely, where the optical

deception operat(;s in a direction contrary to the curvature.

The velocity of the apparent motion of the visible portions of

the spokes is proportionate to the velocity of the wheel itself;

but it varies in different parts of the curve ;
and might therefore,

if accurately estimated, furnish new modes of measuring the

duration of the impressions ofhght on the retina.

* This equality between the arc and the abscissa Li a necessary consequence of the

progressive motion of the wheel being equal to the rotatory motion of its circumference :

the former motion producing the increments of the abscissa ; and the latter those of the

•re of the cjrcle. The equation y = (6 — jr), tang. x. is deduced from a simple ana*

logy of the tides of tomilar triangles.
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Article IV.

Astronomical Observations, 1825.

By Col. Beaufoy, FRS.

Bushel/ Heath, near Stanmore,

Latitude SP 37' 44'3" North. Longitude West in time 1' 20'93".

Observed Transits of the Moon and Moon-culminating Stars over the Middle Wire of

the Transit Instrument in Siderial Time.

1825. Stars. Transits.

June28.—aOphiu 17h 04' 41-07"

28.—S9 Ophiu IT 07 02-78

28.—Moon's First or West Limb.... 17 08 22-88

28.—eOphiu 17 11 21-17

28.—e^Ophiu 17 20 60-11

28.—fiOphiu. 17 32 5009

July 1.—/Sagitt 19 35 1321
1.—57Sagitt 19 42 05-98
1 ^^Sagitt 19 47 45-42
1.—Moon's Second or East Limb .. 20 05 15-83

1.—TrCapric 20 17 22-14
1.—/jCapric 20 18 57-26
1 rCapric 20 29 32-86

Article V.

On the Preparation ofAcetate of Soda ; S^x. By Mr. N. Mill.

(To R. Phillips, Esq. FRS. &c.)

sir, jiddingtoii'Square, Camberwell,

In commenting on Dr. Hope's observations upon your stric-

tures on the Edinburgh Pharmacopaeia, Annals of Philosophy,
N. S. ii. p. 23, you give a process for procuring acetic acid by
the double decomposition of acetate of lead and sulphate of
soda

;
and Dr. Henry, in the last edition of his Chemistry, in

quoting your paper, has added in parenthesis, that 4^ ounces of
acetate ofHme might be used instead of the acetate of lead. In
the proportions there stated (nor indeed in any other proportions )>

have I been able to effect a perfect decomposition of sulphate of
soda by acetate of lime.

200 grains of acetate of lime, dried at a temperature of430° or

440° Fahr. were decomposed by 400 grains of crystallized Sul-

phate of soda, the solution evaporated, and crystals obtained.
These crystals when dissolved in water and tested with the
muriate of barytes gave a copious precipitate of sulphate of

barytes, but neither sulphuric nor oxalic acid occasioned any
precipitate of lime. These crystals were not, therefore, acetate

New Series, vol. x. i
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of soda, but a compound salt, consisting of sulphate ofsoda and
acetate of soda. The mother water when tested gave precipitates

of both sulphate of lime by sulphuric acid and sulphate of

barytes by muriate of baiytes, thereby proving that acetate of
lime and sulphate of soda are incompatibles only to a certain

extent ; for they may and do exist at the same time in the same
solution. If acetate of lime be added to the mother liquor
ad iufirntum, the sulphate ofsoda will noi be totally decomposed ;

nor, on the contrary, if sulphate of soda be added to the mother
water instead of the lime, will the lime which existed in the

liquid disappear, for oxalic acid still occasions a copious preci-

pitate.

Crystals procured from either of these last solutions, whether
acetate of lime or sulphate of soda be in excess, still give as

large a precipitate with muriate of barytes as heretofore, thereby

indicating that the sulphate of soda is not wholly decomposed,
and that a perfect acetate of soda cannot be obtained through the

medium of sulphate of soda.

I am also of opinion, that most of the acetates are deficient in

the power of totally decomposing the sulphates, which opinion
is strengthened by Dr. Thomson's experiments to discover the

atomic weight of acetic acid. Annals of Philosophy, ii. p. 142,
N. S. He found acetate of lead to be nearly in the same situa-

tion as acetate of lime
;
for he states, that " acetate of lead does

not possess the power of throwing down the whole of the sulphu-
ric acid from the solution of a sulphate/' If this be the case,
the process you have given for procuring acetic acid from the

double decomposition of the acetate of lead and sulphate ofsoda

must be defective, inasmuch as this, that the acetic acid is not

procured from acetate of soda (which should result from the

perfect decomposition) in toto, but from a compound salt of

acetate of lead and acetate of soda. In order to ascertain the

proportions of sulphate of soda in the crystallized salt before

alluded to, I dissolved 100 grains of the crystals in water, and
added muriate of barytes so long as any deposition took

place, the precipitated sulphate of barytes was then collected,

dried, and weighed 10 grains, which is equivalent to 14*7 grains
of the crystallized sulphate of soda. This salt is, therefore,

composed of (in 100 parts)

Crystallized acetate of soda .... 85'3

Crystallized sulphate of soda. .. 14-7=: 100.

As the pyrohgneous acid manufacturers commonly decompose
acetate of lime by sulphate of soda to procure acetate of soda,
it must be of some importance to them to know that, indepen-

dently of the loss of the salts left in the mother water by this

process, they also procure an impure article.

Youif obedient servant^ Nicholas Mill,
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Article VI.

Description of an Apparatus forfiltering out of Contact with the

Atmosphere, By Si. Donovan, Esq.^'

Wk promised in our last to give a description of Mr. Dono-

van's apparatus for filtering substances liable to be affected by
t'le contact of the atmosphere, as solutions of caustic alkali, &.c.

An inspection of the wood-cut annexed

will at once explain the nature of the in-

strument. It consists of tv*'0 glass vessels,

the upper one A has a neck at /;, which

contains a tight cork, perforated to admit

one end of the glass tube c. The other end

of the vessel A terminates in a funnel pipe,

which fits into one of the necks of the

under vessel D, by grinding or luting, or

by a tight cork. The vessel D has also

another neck e, which receives the other

end of the tube c, the junction being
secured by a perforated cork, or by luting.

The throat of the funnel pipe is obstructed

by a bit of coarse linen loosely rolled up,
and not pressed down into the pipe. The
solution is then to be poured in through
the mouth at /;,

the cork and tube having
been removed, and the first droppings are

to be allowed to run to waste, and not

received into the under vessel D. The

parts of the apparatus are now to be joined

together, and the filtration may proceed at the slowest rate,

without the possibility of any absorption of carbonic acid by the

alkali.

The mode of action of this simple but ingenious apparatus is

too obvious to require any explanation ;
but Mr. Donovan

observes, that it should be made of green glass in preference to

white,the formerbeing much less acted onbyfixed alkalies than the

latter. He states that a white glass bottle containing a solution

of caustic potash will often be cracked by it in every direction,
and in a singular manner.

This apparatus is useful for filtering liquids, to which access

of the carbonic acid, or moisture of the atmosphere, would be

injurious, as well as for the filtration of volatile substances, as

alcohol, ethers, ammoniacal fluids, &c. If a stratum of coarsely
pulverised glass or flint be substituted for the roll of linen, it

may be employed for filtering corrosive acids, which would b^
weakened by absorbing water from the atmosphere.

? Abridged from the Dublin Philosophieal Journal.

1 2
•
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Article VIL

On Fluoric Acid, and its most reynarkable Combinations,

By Jac. Berzelius.

(Cotttiuuedfrom vol. ix. p. 131.)

Decomposition of Silicated Fluoric Acid by Potassium,

The description of the experiments raade by the French
chemists leads unavoidably to the conclusion, that they had
succeeded in decomposing fluoric acid ; and when I undertook,
therefore, to repeat them, my sole object was to acquire more
accurate information regarding the composition of the reduced

products. In my first trials I obtained the same results which

they had already described, with this single exception, that the

product of the decomposition did not become white by ignition
in oxygen gas, but retained its original brown colour almost
unaltered. Expecting that this calcined mass would contain
silicated fluate ofpotash, I poured over it concentrated sulphuric
acid

;
but no trace of fluoric acid was disengaged, nor was the

slightest alteration produced upon it by evaporating the mixture
to dryness. All other acids, with the exception of the fluoric,

proved equally inactive. This acid extracted a quantity of

silica, and left behind a darker brown-coloured matter, which
was insoluble in acids, and incombustible when ignited. Was
this the radical of the fluoric acid or of the silica, or a combina-
tion of both?
To obtain a larger supply of this substance, I ignited some

potassium in a suitable apparatus in contact with an atmosphere
of silicated fluoric acid gas. The metal gradually darkened in

colour, until it finally became as black as coal
;
soon after, it

took fire, and burned with a large dark red coloured flame;

which, however, was by no means intense, and the gas was at

the same time rapidly absorbed. The product of the combus-
tion was a hard, porous, dark brown-coloured mass, unaltered by
exposure to the air, but imparting, when touched or breathed

upon, that peculiar odour of hydrogen gas, which is observed
when we handle metallic manganese. On being thrown into

water, it occasioned a copious disengagement of hydrogen gas,
and much fluate of potash passed into solution. By degrees,
the evolution of gas became less and less considerable, and the

mass disintegrated to a powder. When the action in the cold

appeared to have ceased, the alkaline solution was replaced by
fresh water, and the mixture was heated to ebullition. No
additional disengagement of hydrogen was produced by this

treatment, but the liquid now became strongly acid, and proved
to be a saturated solution of silicated fluate of potash. The
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powder was now repeatedly boiled in water until it was rendered

completely free from all soluble matter : it was then collected

upon a filter and dried.

To determine the alteration which this substance would

undergo by combustion, I ignited it in a current of oxygen gas.
It instantly took fire, and burned with some intensity, a pale
blue-coloured flame being at the same time visible over its sur-

face. The gaseous product of the combustion produced an
abundant precipitate in barytes water, and this precipitate proved
on examination to be pure carbonate of barytes, unmixed with

silicated fluate. The calcined mass had diminished greatly in

volume, but retained its original colour almost unaltered, and the

increase of weight which it had sustained scarcely amounted to

a half per cent, No corrosion by fluoric acid, and no deposition
of silica, could be observed in any part of the apparatus ;

conse-

quently fluoric acid did not form one of the products of the com-
bustion. I was therefore disappointed in my expectation of

ascertaining by this means the composition of fluoric acid ; yet
the result was not the less interesting, for it appeared to me that

I had succeeded in isolating the radical of silica, and that the

brown pulverulent body was in reality silicium. That it should

undergo combustion in oxygen gas and give off carbon without

becoming heavier, was easily intelligible ;
because the same cir-

cumstance is observable when we calcine the quadricarburets of

most of the metals whose oxides contain three atoms of oxygen.
The presence of so much carbon appeared at first to be some-
what unaccountable : I speedily ascertained, however, that iJ,

had previously existed in a state of chemical combination with

the potassium. This potassium had been prepared by Brunner'a

process,
in which a mixture of carbonate ofpotash and charcoal

IS strongly ignited in a retort of malleable iron : and by redistil-

ling it in a glass vessel, I found that it left behind a carbonace-
ous matter which took fire when exposed to the air^ and which
in water caused the disengagement of hydrogen gas ; whilst, at

the same time, potash was formed, and a large quantity of car-

bon deposited. On repeating the experiment v/ith potassium
purified in this manner by distillation, the powder which I

obtained was not so dark brown-coloured, and when burned in

oxygen gas it increased in weight 40 per cent, without giving oft'

any carbonic acid. Its colour, however, was scarcely altered by
the combustion. This circumstance may be explained by sup-
posing, either that silicium possesses a lower degree ofoxidation
which is produced by calcination, or that (as happens with boron)
the portion oxidized at the commencement of the process pre-
vents the perfect oxidation of the remainder. The residue of
the combustion was treated with fluoric acid. The silica was

by this means separated, escaping in the state of silicated fluoric

acid gas, and the colour of the undissolved powder became
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much deeper. Being now washed and dried, it constituted sili-

cium in a state of purity.
Silicium obtained in this manner has a dark nut-brown colour,

and is wholly destitute of metallic lustre. When rubbed upon
a polishing stone, it does not communicate a shining streak. It

is incombustible both in atmospheric air and in oxygen gas ;
and

it appears to be highly infusible, for it undergoes no change in

the flame of the blowpipe. This circumstance appears contra-

dictory of what I have already stated respecting the easy com-

bustibility of the silicium which is obtained immediately after

its reduction by potassium. The difference between its proper-
ties in these two states is indeed highly remarkable ; and I have

fully ascertained that it is not occasioned, on the one hand, by
the adherence of potassium, or, on the other, by the subsequent

digestion in fluoric acid. Most probably, the combustibility of

the silicium proceeds from its being combined with a small

(quantity of hydrogen, for if it be burned in oxygen gas, even

after having been ignited in an atmosphere of hydrogen gas or

in vacuo, there is invariably formed a certain quantity of water,

although its amount indeed is inconsiderable when compared
with the high saturating capacity of silicium. The sihcium

obtained by treating the reduced brown-coloured mass with

water is therefore a hydruret. The reduced mass is originally a

siliciuret of potassium, which is decomposed by the water
;
the

potassium converted into potash, passes into solution
;

the

greater part of the hydrogen separates in the state of gas, and a

smaller portion enters into combination with the silicium. In

the incoherent condition in which it is separated from potassium

by the action of water, silicium may be compared to the loose

tinder (a hydruretted carbon) ])repared from linen, which may
be easily kindled by a spark from steel ;

but after having been

exposed to an elevated temperature, it may be compared to coke,

which is, by itself, quite incombustible.

Silicium has an extreme tendency to soil even when in a state

of dryness, and it adheres strongly to the glass vessel in which

it is kept. It is a non-conductor of electricity.

The incombustible silicium is not altered by ignition with

chlorate of potash. In nitre it does not deflagrate until the tem-

perature has been raised so high that the acid undergoes decom-

position, when the affinity of the disengaged alkali co-operates
with that of the oxygen. In carbonate of potash it is oxidized

with great readiness, and with intense ignition ; carbonic oxide

is at the same time disengaged, and the mass assumes a black

colour in consequence of the reduced carbon. This property

gives occasion to a very paradoxical phaenomenon. If the

incombustible silicium be moderately heated with nitre, no

action ensues between the two substances ;
but if a bit of anhy-

drous carbonate of soda be now introduced, the silicium at the
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instant of contact is oxidated at its expense, and deflagrates in

the midst of the nitre. The cause why silicium in lower temper-
atures is more easily oxidized at the expense of the carbonate

than of the nitrate of potash undoubtedly exists in the circum-

stance, that the affinity of potash for silica is necessary to dispose
it to combustion, and in the case of nitre, this co-operation is

not obtained, except in the elevated temperature in which the

acid of the salt undergoes decomposition.
Silicium deflagrates with brilhant ignition in the hydrates of

the fixed alkalies
;
and the deflagration takes place as soon as

the hydrate begins to fuse, and far below a red heat. It defla-

grates also, but with less intensity, in the hydrates of barytes
and lime. With the acid fluate of potash, it deflagrates in the

low temperature necessary to produce the fusion of the salt
;
in

melted borax it remains unaltered.

If silicium be heated in the vapour of sulphur, it catches fire

and burns, but with much less brilliancy than in oxygen gas.
The product is a white earthy looking substance, which, in con-

tact with water, instantly dissolves, giving ofl* at the same time

sulphuretted hydrogen gas. The sihcium is here converted into

siHca, which is taken up by the water
;
and if the quantity ofthat

liquid be small, the resulting solution is so concentrated, that it

gelatinizes after a very slight evaporation. In the open air this

sulphuret gives off" a strong odour of sulphuretted hydrogen gas,
and rapidly loses the whole of its sulphur: in an artificially
dried atmosphere, it may be preserved unaltered. When torre-

fied, it is converted, but not so rapidly as might have been anti-

cipated, into sulphurous acid and sihca.

It is certainly a most remarkable property that silica, at the

instant of its formation in the humid way, should be so abun-

dantly soluble in water, and that by evaporation of the solution

it should lose this property so completely, that in the analysis
of minerals, it is justly regarded as insoluble. This high degree
of solubility enables us to understand the copious crystallization
of silica in drusy cavities, where, not unfrequently, the volume
of water could not possibly have greatly exceeded that of the

crystals which it deposited.
I did not succeed in forming a phosphuret, by passing the

vapour of phosphorus over ignited silicium.

When sihcium is heated in a current of chlorine, it catches

fire, and is rapidly volatilized. The product of the combustion
condenses into a liquid, which appears to be naturally colourless,
but which has a yellowish colour when it contains an exceiss of

chlorine. This fluid is very limpid and volatile, and evaporates
almost instantaneously in the form of a white vapour when

exposed to the open air. It has a suffocating odour, not unlike-

that of cyanogen. It re- acts as an acid on litmus paper. This
fluid is analogous to the combinations of the other electronega-
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tive substances with chlorine. It constitutes the second known

example of a volatile compound of sihcium. No combination
ensued when silicium was heated in the vapour of iodine.

Silicium is neither dissolved nor oxidized by the sulphuric,

nitric, or muriatic acids, nor even by aqua regia. While still

combustible, it is slowly dissolved by fluoric acid, but even in

this acid, it loses its solubility after having been ignited. On
the contrary, it is readily dissolved in the cold by a mixture of

the fluoric and nitric acids.

Silicium, after it has been insulated, possesses very little ten-

dency to form alloys with metals. Copper, silver, lead, and tin,

may be fused with it before the blowpipe, and the alloys, when
dissolved in acids, leave behind an inconsiderable portion of

silica. The alloy of copper leaves a skeleton of silica which
retains the original form of the metal.''^

Composition of Silica.—Having* now succeeded in isolating
the basis of silica, it was natural for me to investigate its composi-
tion by the direct synthetical process. With tliis view, 100

parts of pure silicium were ignited with carbonate of soda: the

mass was treated with muriatic acid, evaporated to dryness, and
the residue strongly ignited. Digested in water, this left a grey
coloured silica, which, after washing and ignition, assumed a

snow white colour, and weighed 203*75 parts. The liquid
filtered from the silica was again evaporated to dryness, and the

saUne mass ignited. By dissolving the fused salt in water, there

separated an additional quantity of silica, weighing, after igni-

tion, I'o part. Consequently 100 parts of silicium had combined
with 105-25 parts of oxygen* On repeating the experiment
with a portion of silicium over which I had previously evaporated
to dryness some fluoric acid, the augmientation of weight
amounted to 108 per cent. According to these two experiments,
silica is composed of

Silicium 48-72 48-08

Oxygen 51-28 51-92

Both results indicate a larger proportion of oxygen than has

been hitherto supposed to exist in silica. According to my
Earlier experiments, in which I deduced the composition of

silica by determining its capacity of saturating saline bases, the

(Quantity of oxygen was only 50-3 per cent.

The saturating capacity of silicium may be calculated also

from the composition of the salts which contain fluate of silica.

Of these, the most suitable for this purpose is the silicated

fluate of barytes. 100 parts of this salt, fused with twice its

Weight of oxide of lead, lost 0-85 part of moisture. 100 parts.

Weighed out at the same time, yielded 82-933 parts of sulphate

* The methotl of preparing silicium, by deconiposiug the double fluate of silica and

«6da, has been alteady described in the Annals, N, S. vol. viii. p. 122.
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of barytes, equivalent to 54-428 parts of barytes. Now, I have

already proved that in the double siUcated fluates, the base is

associated vy'ith thrice as much acid as in the neutral salt. Con-

sequently, the silicated fluate of barytes which I analyzed was

composed of

Barytes 54-428

Fluoric acid 22-836

Silica 21-886 ..

Moisture 0-850 ^;
100-000 -^'^*

These 54*428 parts of barytes were saturated by 7-612 parts
of fluoric acid ;

the remaining 15*224 parts of this acid had been

therefore combined with 21*886 parts of silica
;
or the fluate of

silica is composed of

Fluoric acid . ...... 41-024 100

Silica... 58*976 143-76

But 100 parts of fluoric acid imply the existence of 74*7194 parts
of oxygen in the base by which it is saturated. Consequently^
this quantity of oxygen must be contained by 143*76 parts of

silica, and silica must be composed of ^j;

Silicium 48-025 100

Oxygen 51*975 ...... 108*22

This number corresponds very closely with that of the last

synthetical experiment. If we suppose silica to contain three

atoms of oxygen, the atomic number of silicium will be, accord-

ing to the above analysis = 277*2, and according to the synthe-
tical experiment = 277*8.

This number exceeds by If per cent, the number which has

been hitherto adopted, and which corresponds so well with the

most exact and the most recently performed analyses of pure
minerals, that the present one, if made the basis of the calcula-

tion, would necessarily indicate in them an excess of sihca : I

must here mention, however, that we rarely find a mineral to

whose constitution sihca is even altogether foreign, v^hich does

not contain it to the amount of from one-half to upwards of two

per cent, in the state either of quartz or of some other sihceous

mineral
;
and this mechanical intermixture of silica is still more

likely to exist in those minerals in which it constitutes at the

same time an essential ingredient.
The number of atoms of oxygen contained by silica is still left

undecided by the foregoing experiments. The circumstance
that its carburet does not alter in v/eight when calcined affords

indeed a presumption that silica belongs to the class of oxides

which contain three atoms of oxygen ;
but our knowledge of the
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crystalline forms of bodies will require to be much farther

extended, before it will be possible to deduce unequivocal con-
clusions respecting the number of atoms of oxygen which exist

in oxides. The supposition that sihca is constituted of an atom
of each of its elements is unquestionably the simplest, and the

most convenient for the purpose of expressing the composition
of silicates by formulae

;
but this view obliges us to admit the

improbable existence of silicates in which the silica contains six

times the oxygen of the base
; as, for example, in apophyllite,

in which one atom of potash would be combined with 12 atoms
of sihca.

B. Fluohoric Acid,

The characteristic
properties

of a strong and corrosive acid

which the compound hitherto styled fluoboric acid possesses,
have caused it, from our earliest knowledge of its existence,
to be regarded as a double acid, which, with bases, has a ten-

dency to form double salts, containing tivo acids and one base.

This
property

indeed it possesses in a far higher degree than
the silicated fluoric acid

; but, as is the case with that com-

pound, its most distinguishing tendency is likewise to produce
double salts containing one acid and tioo bases, the boracic

acid invariably constituting one of the latter. I shall hereafter

demonstrate that it thus forms a class of salts, which are con-

stituted in obedience to the same laws with the corresponding
salts of silica.

Gay-Lussac and Thenard, and J. Davy, have stated, that

fluoboric acid is absorbed by water without decomposition.
This however is inaccurate ;

for I have ascertained that when
the acid gas is passed into water, it deposits a considerable

quantity of boracic acid, just as siUcated fluoric acid deposits
one third of its silica. If the liquid acid be cooled or very

slowly evaporated, an additional quantity of boracic acid

separates; but if it be concentrated in an elevated temperature,
it volatilizes without leaving any residue, a proof that, in a

certain degree of concentration, the compound which had been

decomposed by water, is reproduced.
It would be impossible by direct analytical experiments to

ascertain the composition of the gaseous fluoboric acid, or to

determine the quantity of boracic acid which is disengaged by
dissolving the gas in water, and indeed, without a previous
knowledge of silicated fluoric acid, the composition of fluoboric

acid, and the proportions of its combinations with other bodies,
would present two of the most diflticult problems which still

remain to be resolved by chemical analysis; but in conse-

quence of the complete analogy which subsists between the

properties of these two substances, the simplest experiments
suflice to demonstrate, that, with the exception of mere pro-
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portions, they are both constituted according to precisely the

same laws.

Boracic acid has a more energetic affinity than silica for

fluoric acid ; nevertheless, it is incapable of producing a per-
fect decomposition of the fluate of silica. The gas obtained by
J. Davy's process is invariably contaminated with fluate of

silica ; and as my attempts to precipitate the silica from it by
means of boracic acid proved unsuccessful, I always prepared
the fluoboric acid which I employed in my experiments by dis-

solving boracic acid to saturation in pure fluoric acid.

The methods which first occurred to me, as promising to

disclose the composition of fluoric acid, were, to decompose
the silicated fluate of potash or soda by boracic acid ; to mix
a solution of borax with fluoric acid, in the expectation of

converting the whole quantity of the borax into a double salt ;

or to combine fluoboric acid directly with saline bases
;
but in

all of them I experienced a total failure. It only remained for

me to attempt the direct combination of a fluate with boracic

acid ; and by this synthetical process, I was fortunate enough
to attain my object.

Borojluate of Potash.—This salt falls as a gelatinous precipi-
tate when fluate of potash is mixed with a solution of borate of

potash. By desiccation it assumes the form of a fine, mealy,
white coloured powder. Its taste is weakly bitter, but not at

all acid, and it does not redden litmus paper. It is anhydrous.
100 parts of cold water dissolve 1'42 part of the salt : boiling
water dissolves it in considerably larger quantity. It is slightly
soluble also in boiling alcohol. When ignited, it fuses and gives
off" fluoboric acid gas; but for complete decomposition it

requires a much longer continued and more violent heat than
the corresponding salt of silica. This salt is soluble in boiling
hot solutions of the alkalies and their carbonates, and as the

liquids cool, it crystallizes again unaltered.

Borojluate of soda is more soluble in water than the acid

and neutral fluate of soda, and by slow cooling it crystallizes in

large, transparent, four-sided rectangular prisms. This salt

has a bitterish and weakly acid taste, and strongly reddens
litmus paper. It contains no water of crystallization. It is

sparingly soluble in alcohol.

Borojiuate of Uthia may be prepared by precipitating the

borofluate of barytes with sulphate of lithia. It is very soluble

in water, tastes like the salt of soda, and crystallizes in large

prisms. In a moist atmosphere it deliquesces and runs to a

liquid.

Borofluate of Ammonia.—When boracic acid is introduced
into a solution of neutral fluate of ammonia, it is instantly
dissolved

; ammonia is at the same time disengaged, and may be

detected by the smell. If no excess of acid had been employed,
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the salt obtained by evaporating the solution is the borofluate

of ammonia. It is undoubtedly remarkable that in these circum*

stances the boracic acid should be capable, like a base, ofdis-

placing ammonia ; but such is the operation of the combined
affinities.

The dry salt may be sublimed without undergoing decom-

position. Its taste resembles that of sal-ammoniac, and it

reddens litmus paper. It is largely soluble both in water and
in alcohol.

This salt is of a different constitution from the compounds
which are produced by the neutral condensation of fluoboric

acid and ammoniacal gases.

Borojiaate of bari/tes is most readily obtained by adding
carbonate of barytes in small quantities at a time to dilute

fluoboric acid, until it ceases to be dissolved. By spontaneous
evaporation of the solution, it crystallizes in four-sided rec-

tangular prisms. This salt posseses an acid reaction, but its

taste resembles that of the barytic salts in general, and is not
in the least degree acid. In a temperature above 104°, it

effloresces, and loses its water of crystallization. Alcohol de-

composes it into a soluble acid salt and an insoluble pulverulent

compound, whose composition I have not examined. The

crystals contain 10-34 per cent, of water, whose oxygen is

therefore double that of the barytes.

Borofluate of Lime.—A gelatinous mass, which has an acid

taste, and reddens litmus paperi

Borofluate of magnesia is very soluble in water, and shoots

during evaporation in large prismatic crystals. Its taste is

bitter, like that of the other salts of magnesia.
Borofluate of alumina and borofluate of yttria are only soluble

in water when assisted by an excess of acid
;
and by slow eva-

poration of the solution, they may be obtained in crystals.

Borofluate of oxide of lead shoots by spontaneous evaporation
in short, four-sided, apparently rectangular prisms or tables,

resembling the crystals of the borofluate of barytes. Its taste

is at first sweet and astringent, but it finally leaves an impres-
sion of acidity. Both water and alcohol decompose it into an

acid and a sub-salt.

Borofluate of oxide of zinc may be prepared by dissolving
zinc filings in fluoboric acid. It is uncrystallizable and deli-

quescent.

Borofluate of oxide of copper is very soluble in water, and

yields by evaporation a mass of bright blue-coloured acicular

crystals, which are excessively deliquescent.
I come now to the investigation of the constitution of these

compounds ;
for which, however, a knowledge of the saturating

capacity of boracic acid is indispensable.
. In, my chemical tables, I have estimated the oxygen of boracic
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acid at 74*17 per cent., and its saturating capacity at 37'085.

These numbers are founded upon my analysis of borate of

ammonia, and of the crystallized hydrous boracic acid. The
more recent analysis of L. Gmelin and Arfwedson, led me to

distrust the accuracy of these determinations, and I attempted
to reproduce a borate of ammonia, similar in constitution to

the one which I originally analyzed. But all my trials with
this view proved unsuccessful, and I suspect therefore that

some error had been committed in determining the weight of

the specimen employed in my first analysis.
To determine the composition of borax, I dissolved it in a

mixture of the fluoric and sulphuric acids, and evaporated the

solution to dryness ;
2*634 grammes of the fused salt, decom-

posed by this process, yielded 1*853 gramme of sulphate of

soda. 100 parts of borax contain therefore 69*173 parts of

boracic acid and 30*827 parts of soda. The crystals, by fusion,
lost 47*1 per cent, of water. According to these experiments,
the crystallized salt is composed of

Boracic acid . . 36*59
Soda 16*31 oxygen 4*1715
Water 47-10 41*889

The oxygen of the water is obviously 10 times that of the
base. The proportion of the soda would probably be obtained
most accurately by computation from that of the water, both
because the latter is susceptible of a more rigid analytical deter-
mination than the former, and because any error in the quan-
tity of the water would induce a corresponding error of only
one-tenth the amount upon that of the soda. The composition
of borax, according to this calculation, would be

Boracic acid 36*5248 .... 100*

Soda 16*3753 .... 44*8336
Water 47*1000

These 44*8336 soda contain 11*4684 oxygen, which number
indicates the saturating capacity of boracic acid in all the salts

proportional with borax. The acid also must contain oxygen
in some multiple of 11*4684.

M. Arfwedson analyzed no fewer than three distinct combi-
nations of boracic acid and ammonia. His results were as
follows :

—
^ . .,

(1) (2) (3)

^
Boracic acid 64*0 63*34 55*95
Ammonia 7*9 12*88 21*55
Water.. 28*1 ....23*78 ....22*50

In these salts the boracic acid is combined with quantities
of ammonia which are equivalent, in other bases, to 5*734,
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11'468, and 17-202 of oxygen:—numbers whose respective
ratios are 1:2:3. In the borate of ammonia which I ori-

ginally analyzed, the acid appeared to be combined with a

(quantity
of base representing 34*4 of oxygen, which is six

times the lowest degree of combination.
From the analysis of native borate of magnesia, M. Arfwedson

deduced the saturating capacity of the acid to be 16*83, that is,

very nearly 17*2. In the crystaUized borate of potash, prepared
from boracic acid and carbonate of potash, the saturating
capacity of the acid proved to be 6'7, and when anhydrous
boracic acid was fused with carbonate of potash, and the loss

of weight in carbonic acid determined, it was found that 100

parts of boracic acid had combined with 139 parts of potash,
whose oxygen amounts to 23*51. By a similar experiment
with carbonate of soda, it was found that 100 parts of acid
had combined with 135*5 parts of soda, which contain 34*66 of

oxygen. These experiments therefore gave the following satu-

rating capacities :

5*734 in the biborates of potash and of soda.

11*468 in borax, and in neutral borate of ammonia.
17*202 in boracite, and in borate of ammonia.
22*93 in subborate of potash.
34*40 in subborate of soda and of ammonia.

On comparing these numbers, we find that they are multiples
of the lowest by 2, 3, 4, and 6.

Two methods presented themselves for a determination of

the composition of boracic acid
; namely, either an

investigation
of the relative proportions in which it combines with fluoric

acid, or direct synthesis by the oxidation of boron. For the

first of these, the analysis of the borofluates of barytes and of

potash appeared to me most suitable.

100 parts of the salt of barytes yielded 10*5 parts of water,
and 67*2 parts of sulphate of barytes = 44*10 per cent, of

barytes. 150 parts of the salt of potash yielded 103*8 parts of

sulphate of potash = 37*417 per cent, of potash.

My direct experiments on the oxidation of boron (to be

related hereafter) rendered it probable that boracic acid con-

tains 68*81 per cent, of oxygen ;
and this composition would

correspond accurately with the analysis of the double salts, if

we suppose them to be constituted in such a manner that the

fluoric acid contains four times, and the boracic acid three tiines,

the oxygen of the base, or, in other words, that the boracic

acid is combined with thrice as much fluoric acid as the al-

kaline base.

To
verify

this composition, I dissolved in water 250*6 parts
of crystallized bicarbonate of potash and 154*66 parts of crys-
tallized boracic acid (the (juantities which, according to tho
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above supposition, represent an atom of each of the two sub-

stances), and added to the mixture as much fluoric acid as

rendered it slightly acid. The solution, after having been

concentrated, was found to contain no excess either of potash
or of boracic acid, and when evaporated in a water-balh, it

yielded to the last drop borofluate of potash. This was, there*

fore, the real constitution of the double salt.

We are now entitled to deduce the following conclusions

with respect to the composition of the boracic and thefluoboric

acids, and of the fluoborates.

Boracic acid contains six times as much oxygen as the soda

with which it is combined in borax, that is, 68*8104 per cent.

It is capable of combining with bases in such proportions,
that its oxygen amounts to 12, 6, 4, 3, and 2 times the oxygen
of the bases, and as in these combinations the multiples 12 and
6 occur far more frequently than any of the others, it appears

highly probable that boracic acid contains 6 atoms of oxygen,
and that the salts whose constitution is proportional with that

of borax, are neutral borates. On this supposition, an atom of

boron weighs 271*96, and an atom of boracic acid 871*96.

The nun^erical composition of boracic acid is

Boron 31*1896 100*00

Oxygen 68*8104 220*62

The crystallized boracic acid contains, according to my
early experiments, 44 per cent, of water, of which it loses

one half'when exposed to a temperature above 212°, and the

second half when combined with a different basis. It follows

from this that boracic acid is capable of combining in two pro-

portions with water
;
and that in the first of these compounds

the water contains as much oxygen as the acid
;
but in the

second, only half that quantity. The numerical composition of

these two hydrates is

Boracic acid 1 atom .... 72*1
;

1 atom . , , . 66*38

Water 3 27*9; 6 43^62

Fluohoric acid, on the hypothesis that fluoric acid is an

oxygen acid, is so constituted, that the two acids contain

equal quantities of oxygen ;
that is, it consists of an atom of

boracic acid and 3 atoms of fluoric acid. Its numerical com-

position is

Fluoric acid . ; 47*942
Boracic acid 52*058

When fluoboric acid gas is absorbed by an excess of water,
one-fourth of the boracic acid is disengaged : the compound
thus formed consists of an atom of hydrous fluoric acid and aa
^tom of fluoboric acid.
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The horojiuates are produced when in this compound the
water is replaced by any other base, and they are so consti-

tuted, that the base is associated in them with four times as much

^fluoric acid as in the neutral salt, and with a quantity of boracic

acid, which contains thrice as much oxygen as the base. These

salts, therefore, contain an atom more of fluoric acid than the

corresponding combinations of siHca.

I now proceeded to give a final confirmation to these con-

clusions, by determining the quantity of oxygen which is ab-
sorbed by boron during its acidification ; but after having made
txial of various processes, I found it impossible to prepare boron
in a state of such absolute purity, that the composition of
boracic acid could by means of it be determined with more pre-
cision than by the indirect methods already described. The
most successful experiment which I was able to make was one
in which 0*036 gramme of boron was converted by ignition in a
current of oxygen gas into 0*091 gramme of boracic acid, and

according to which boracic acid ought to contain 61 '5 per
cent, of oxygen ;

but the boron here employed was contami-*

uated with carbon, whose volatilization during the combustion
would necessarily cause the apparent augmentation of weight
to fall short of tfie truth.

Boracic Acid, and Fluate of Silica.—Silicated fluoric acid gas
is not affected by dry boracic acid, biit it is instantly absorbed

by the crystallized hydrate* The product is a true chemical

combination, in which the boracic and fluoric acids are so

proportioned that they contain equal quantities of oxygen, and
m which the fluoric acid is divided equally between the boracic
acid and the siHca. This substance does not smoke when
exposed to the air, as would happen, were it a mere mixture

offluoboric acid and sihca. Water decomposes it, and disen-

ga^s about three fourths of the silica.

Fluoborates.—By this
appellation

I propose to designate the

double salts, in which a single base exists in combination with
boracic and fluoric acids. They appear to be produced when
the foregoing compounds are saturated with the base, and to

be capable of
existing

irt a variety of proportions between the

fluate and borate. I nave not examined any of them minutely i^

at present, they possess too little interest^ to induce one to en-

counter the difficulties Vyhich would attend aij*l6^4et determi-

nation of the proportions of the two acids. •
'

'^
^ "

\"\ ^^

Boron.—The easiest and most economical 'rtfetftdtt-'^pfe-/

paring boron, is to decompose an alkaline bbrcifliffA^^bJ fWi^^
sium. Boracic acid, even by protracted fu^iorlj ca'nfndbljd

completely deprived of water, and it absorbs '
1tfn ttdtfittoh^r

quantity during pulverization; this is the cAtise why tH^'V^i

auction of boracic aoid is accompanied-by a rather
vidlelit^^fet^-*

nation, and why a portion of the mixture is in genert^l prfetj^^a*
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from the crucible. On the contrary, when the boroflaate of

potash has been sufficiently dried, the sound at the instant of

the reduction is scarcely audible, and for every atom of potas-
sium expended we obtain the corresponding quantity of boron.

The only inconvenience attending this operation is the tedious

edulcoration which is requisite m order to remove the unde-

composed borofluate of potash: perhaps this disadvantage

might be obviated by employing sodium and the borofluate of

soda. The boron must be washed with a solution of sal-

ammoniac, and finally with alcohol
;
because when pure water

is employed for this purpose, a considerable portion passes in a

dissolved state through the filter.

Suiphiiret of Boron,—Boron is capable of forming a sul-

phuret, but, contrary to what has been hitherto supposed, no
combination takes place between the two substances except m
a temperature greatly exceeding the boiling point of sulphur.
It takes fire and burns, when strongly ignited in the vapour of

sulphur. The sulphuret is a white opaque mass. When put
into water, it is rapidly converted into sulphuretted hydrogen
gas and boracic acid; the liquid at the same time becomes
more or less milky, in consequence of the precipitation of

sulphur. I am disposed to think, from the observations which
I have made, that boron is capable of combining in several

distinct proportions with sulphur.
Chloride of Boron.— Sir H. Davy ascertained that boron

even without the application of heat takes fire spontaneously in

chlorine gas and undergoes brilliant combustion ;
but he did

not examine the product of the combination. J have con-

firmed Davy's statement; if, however, the boron be very pure,
and if it has been previously ignited moderately in vacuo, no
combination takes place until heat is applied. The product of

the combustion is a new gas, which, in contact with atmospheric
air, smokes as strongly as fluoboric acid gas. It must be col-

lected over mercury, which absorbs the excess of chlorine.

This gas is colourless, and, in consequence of the formation of

muriatic acid at the expense of the atmospheric humidity, it

has a strong suffocating odour. It is rapidly, but not instan-

taneously, absorbed by water, and when the proportion of the

water is small, a quantity of boracic acid is deposited upon its

surface. Alcohol also dissolves it, and acquires the same odour
of ether, as when it has absorbed muriatic acid gas.

Chloride of boron, when Uiixed with ammoniacal gas, Con-
denses and forms a salt, which may be sublimed unaltered, but

which is less volatile than sal-ammoniac. If the salt be

moistened previously to sublimation, there remains behind a

quantity of boracic acid. One volume of the gas condenses
14- volume of ammoniacal gas. Chloride of boron is com-

posed of
.

-

New Series, vol. x. k
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Chlorine 90-743
Boron 9*257

nuoric acid, unless aided by nitric acid, neither oxidates
nor dissolves boron.

It has been atfirmed that boron is dissolved in the dry way
by alkalies, and that when the fused mass is treated with water,
the boron is taken up by the alkaline liquid, and forms with it a

yellow coloured solution. This is incorrect. When boron is

Ignited with an alkaline carbonate, it detonates at the expence
of the carbonic acid

; and when it is ignited with the hydrate
of a fixed alkali, hydrogen gas is disengaged with effervescence,
and boracic acid is formed.

In the properties which have now been brought under review,
boron possesses so close a resemblance to silicium, that the
two substances may be associated with one another, in the
same manner as we have been accustomed to associate arsenic
with phosphorus and selenium with sulphur. The affinities of

boron, however, are stronger, and in the lower temperatures,
more active than those of silicium ; thus, it detonates with
nitre in a low red heat with such energy, that the explosion
may be almost compared to that of gunpowder.

{To })€ continued.)

Article VIII.

On Forge Scales. By M. P. Berthier.*

When pieces of iron are heated to whiteness, in order
to draw them out into bars, or roll them into plates, they be-
come covered with a coat of oxide, which flakes off in scales by
the blow of the hammer, or the pressure of the rollers. These
are called by the workmen forge scales.

The thickness of the forge scales is proportionate to the time
that the masses of iron on which they are formed have remained
in the fire, but commonly it is from one to two miUimetres

; (from

rh) ^o tIo- of an inch) ; they are of a shining black colour,
with a semimetallic lustre ; their structure is crystalline and

presents intersecting laminae, perpendicular to the surface of the

scales. They are said to have been observed distinctly crystal-
lized, in regular octohedra.

.,j,^ -i[. .-,

They are usually composed of two parallel laminie, if\ie outer
one granular and blebby, the inner compact and "crystalline.
'This structure forbids a doubt of their being liquified at a cer-

* From the Annnles de,%9^
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tain period of their formation : nevertheless, although they
become soft by an intense heat, we are unable to fuse them,

completely. It is probable that their fusion is effected by the

local heat which is developed at the moment when the incan-

descent iron combines with the oxygen of the air, and which
must necessarily be very intense, but as it is quickly dissipated,
the matter soon becomes solid, and assumes a crystalline struc-

ture, if not cooled too suddenly. A similar phenomenon is seen

in the combustion produced by striking fire with the flint and

steel, in cupellation, and in several other instances.

The forge-scales are very magnetic. When reduced to grains
of the size of a pin's head, they adhere to a magnet like me-
tallic iron. Their specific gravity is 3*5

; but, as they always
contain some blebby cavities, this must be too low. Their

powder is of a dull greyish black colour.

This oxide has hitherto been supposed to be the same as the

native magnetic oxide, and that obtained by passing aqueous
vapour over iron heated to redness. Having had occasion for

some very pure oxide of iron, for some experiments on the sili-

cates of that metal, I used the forge-scales, supposing them to

be so ;
but I soon perceived that they do not contain so much

oxygen as the magnetic oxide, which at present is considered
as a deutoxide. For instance, when, for the purpose of pre-

paring a proto-silicate of iron, I employed calculated propor-
tions of forge-scales and iron filings, a certain portion of the

metal always remained unoxidated
;
and when I reduced forge-

scales by cementation in a black lead crucible, I constantly
obtained a heavier button than the pure native oxide, similarly

treated, would have given. I was therefore induced to inquire
into the true composition of these scales

;
and the results of my

experiments demonstrate that they are a new oxide, which,
from the quantity of its oxygen, ranks between the protoxide
and the native magnetic oxide.

This oxide does not produce any peculiar salt; it is decom-

posed by the acids into protoxide and peroxide, exactly like

the deutoxide, and this property affords a very simple method
of analyzing it, and is the one vi'hich I adopted. I treated the

forge-scales with pure muriatic acid, in which they dissolve

very readily, even in the cold, if the acid be concentrated, and
the temj^erature of the liquid becomes considerably raised. I

diluted the solution with water, and threw down the peroxide*
by gradually pouring in carbonate of ammonia 'till the liquid
was discoloured. This process is not attended with any diffi-

fculty ;-4t gave me froin 0*34 to 0-36 of peroxide, according to

the scales I employed, and which I obtained from different

fotges, both from the tilt-hammer and the flatting-mill. The
purest gave the

largest quantity of peroxide. When I only
obtained -34, I always observed, at the moment of solution^ a

k2
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slight disengagemeut of hydrogen gas, which lasted only a few

seconds, and evidently proceeded from some minute grains of

metallic iron, accidentally mingled with the forge scales. The
same scales assayed in the dry way w^th one-fifth of their

weight of earthy glass, gave metallic buttons whose weight
varied from 0*75 to 0*78. If we compare these results with

those which an oxide composed of two atoms of protoxide, and
one atom of peroxide would give, we find an almost perfect

identity : for such an oxide would contain

Protoxide 0*642 - 2/«; or Iron, 0-745 - 100
Peroxide 0-358 - F ^

;
or Oxygen, 0-255 - 0-344-

I believe this therefore to be the true composition of the forge-
scales.

According to these results, we must henceforth reckon four

oxides of iron, in which the quantities of oxygen combined with

the same quantity of iron are respectively : : 6 : 7 : 8 : 9.

This oxide is formed whenever iron is in contact with a more

oxygenated oxide at a white heat, or when heated in contact

with the air so as not
completely to oxidate it.

It is necessary to observe that some forge-scales give, on

analysis, much less than 0*35 of peroxide; but in that case

they are not pure, but contain a mixture of scoriae, which is

discovered by the jelly it produces with concentrated acids.

As these scorise are silicates of protoxide of iron with a great
excess of base, the presence of from 0*02 to 0*05 of sihca may
diminish the proportion of peroxide nearly one-fifth. Perhaps
it may be objected to my hypothesis of the composition of

forge-scales, that a mixture of deutoxide and metallic iron, or

its protoxide, would give the same analytical results as those

which I obtained with my presumed new oxide ;
but if the

scales be such a mixture, it is very extraordinary that the ingre-
dients should always be found in the same proportion ; I shall,

however, obviate these objections by the detail of some facts,

which in other respects also I think are not uninteresting.
If the forge-scales were a mixture of deutoxide of iron and

metallic iron, they would contaih 0*09 of the latter ;
but then

their specific gravity would be much greater than it really is,

since that of the deutoxide is more than 4-7, and that of iron

7*5. Moreover, when we treat a mixture of very
fine iron

filings and the pulverised deutoxide or peroxide, with muriatic

acid, the iron dissolves before the oxide with evolution of hy-

drogen gas, and we find in the solution quite as much peroxide
as there would have been without the admixture of the metallic

iron. Hydrogen gas does not reduce this peroxide ; now, since

the forge-scales contain one half less of peroxide than of pro-

toxide, we should admit, from that circumstance, that they
contain half their weight of metallic iron, which it is impossible



1825.] 3f. Berthier on Forge Scales. 133

to suppose, since, when pure, they give no sensible quantity of

hydrogen by the action of acids. Besides, if they contained

half their weight of iron, they would give 0*85 of fused iron by
the assay, which is far beyond what we obtain.

It remains to be ascertained if the forge-scales can be a

mixture of protoxide and deutoxide. If that were so, since the

protoxide is very greedy of oxygen, they should have a great

tendency to combine with that body ; whereas, not only are they

wholly unalterable by exposure to the air, but are acted on even

by concentrated and boiUng acid only very slowly and with

great difficulty. I endeavoured to determine their composition

by this method, estimating the quantity of oxygen absorbed

by the increase of weight ;
but I was unable to convert them

entirely into peroxide. It is, moreover, very doubtful, if the

protoxide of iron can exist in a free state
;
for being a base

which has such attraction for oxygen, that it decomposes water,

it is very difficult to obtain it absolutely uncombined. The dry

way appearing to be the only means by which we can hope to

succeed, I made several trials after that manner, but without

success. The following process seemed the most likely to ac-

complish the object in a direct manner.

I took several black lead crucibles lined with charcoal, and

placed 100 grammes (1544 grains) of pulverised and finely
sifted forge-scales, in each; I then filled the crucibles with

charcoal, and closed their mouths with covers, carefully luted

on, and exposed them in a wind furnace to a heat of about 70°

of the pyrometric scale. I took them out of the fire in suc-

cession—the first in half an hour, and the last in three hours,
and compared the results. All the buttons had become solid,

without changing their form or diminishing in volume
; they

were covered with a coating of metallic iron, and the oxide in

the centre was neither fused nor altered; it gave the same
relative proportion of peroxide and protoxide by analysis \ik

humida, as at first. The thickness of the metallic coat was

proportionate to the time the crucible had remained in the fire
;

the maximum thickness was five millimetres (nearly '2 of an

inch.) It has a peculiar aspect; its surface is dull, and fracture

granular ;
its colour is grey, inclining to olive

;
it takes a

briUiant polish by being rubbed against hard substances
;

it

may be cut with a knife, and reduced, in that manner, to a very
fine powder ;

it is as soft as lead, and has no elasticity; it fiat-

tens by a blow, and retains the mark of the hammer ;
its spe-

cific gravity, at the utmost, does not exceed one-third that of

^tged iron; it is, in fact, pure iron, minutely divided, and in a

state analogous to that of spongy platina.
If the cementation has been continued for a considerable

^jHa4 #^! section of the button presents, from the surface to

^§i&§i|^lmf 4r^t;,:.%,T§Ty,,^->yer of met^^^^^ of a deep
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blue or black colour; secondly, a thick layer of iron, of an
uniform colour, inclining to olive ; thirdly, a layer with shades
of black and ohve, which soon passes to the pure, and slightly
metallic black, of the scales. I examined the olive-coloured

part, with the idea that it might probably contain a mixture of
metallic iron and protoxide ;

but 1 found it composed wholly of
reduced iron of the utmost purity, and there is every reason to

think that it is even perfectly free from carbon. When treated
with muriatic or sulphuric acid, it dissolves without leaving
any residuum, and hydrogen gas is disengaged to the last. -

The last portions dissolved have the same aspect as the whole
mass. When fused in a black lead crucible, either alone or
with the addition of an earthy glass, instead of losing weight,
as would happen if it contained protoxide, it increases from
0*01 to 0*02. The portion with shades of black and ohve be-
haves like a mixture of metallic iron and for2;e-scales ; in the
moist way, red oxide is always found in it. This fact proves
that metallic iron exerts no action en the oxide of the scales,
and consequently that it is impossible to obtain the protoxide
by heating any oxide with iron. The bluish coat of the buttons
seemed to me to be steely iron, or to have passed to the state

of steel, by the absorption of a certain quantity of carbon
;
but

I have not positively ascertained the fact.

The cementation of the peroxide of iron presents as inter-

esting, and more varied results, as the cementation of the forge-
scales. If the mass be not very large, as long as any red oxide
remains in the centre, no metallic iron is produced at the

surface, but only black oxide. When the heat has been kept up
a sufficient time, we find in the centre only magnetic oxide,
and we may observe towards the surface, as in the cementation
of the forge-scales, the bluish steel layer, the layer of olive-

coloured iron, and the layer shaded with olive and black. The

magnetic oxide in the centre is variable in its composition ;
in

one experiment I found in it 0*48 of peroxide, and 0*52 of prot-
oxide, and in another 0*60 of peroxide and 0*40 of protoxide.
Since the native magnetic oxide contains 0*69 of peroxide and
0*31 of protoxide, it is obvious that the oxide in question must
be a mixture, in variable proportions, of the magnetic oxide of
the forge-scales, and native magnetic oxide.

It appears, from what we have seen above, that the peroxide
of iron is changed by cementation, first, into an oxide similar

to the native magnetic oxide, and that as soon as this change
has been effected, its reduction begins from the surface to the

centre, the process going on in such a manner that, in propor
tion as metallic iron is produced at the surface, the deutoxide

of the forge-scales is formed in the interior of the mass, to its

centre; but these proportions diminish from the surface to this

point. Lastly, when the cementation is very far advanced, the
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button becomes covered with a layer of steely iron of appre-
ciable thickness.

How does it happen in these experiments, that the oxide of

iron is reduced without being in contact with carbon, and even

when several centimetres (1 centimetre = 0*39 inch) distant

from it ? This is a question which in the present state of our

knowledge imperiously demands an answer, and deserves to be

considered. We might suppose that the effect is produced by
the inflammable vapours from the furnace, which penetrate all

porous substances ;
but it is easy to satisfy oneself that this is

not the efficient cause, at least of the reduction of the oxides of

iron into metallic iron. In fact, if we fill a crucible with red

oxide of iron, placing a layer of charcoal below it at the bottom
of the crucible, or if we place the oxide at bottom and cover

it with charcoal
;
or lastly, if we introduce charcoal into the

centre of a mass of oxide of iron, and heat it for an hour or two,
we shall find that metallic iron is formed only in that part of

the mass which was next the charcoal, and that there is not the

slightest trace of it at the surface of the button in the other

parts, although those parts were exposed, like all the rest, to

the inflammable gases of the furnace.

The formation of the forge-scales on the surface of iron is

quite as inexplicable as the reduction of the oxides by cemen-
tation. The oxidation of hot iron by the air is a gradual process,
for the crust of the scales is much thicker on large masses,
which require a long time to be heated, than on thin bars or

plates, which heat much more quickly : now, as soon as a
certain quantity of oxide is formed, it covers the iron like a

varnish, and prevents its contact with the air
;

it must therefore

attract its oxygen through the oxides, just as the oxides attract

the carbon through the metallic iron.

These effects must have certain limits, which it would be

important to ascertain, as they may perhaps furnish an expla-
nation of the phenomena.

Article IX.
lO VA

On the Specific Gravity of Hydrogen Gas, as^^ modified by the

Presence of Moisture! By Mr. Harry Rainy.

(To the Editors of the Annals of Philosophy.)

GENTLEMEN, . H J". Glasgow, July 9, 1825.

Dr. Thomson, in his First Principles of Chemistry, recently

published, has adduced various new experiments in proof of the

doctrine that the atomic weights of all substances are multiples

by integer numbers of tl>e atomic weight of hydrogen.
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One of the most important of these experiments is related in

vol. i. p. 67 to 76 ; and is intended to prove that the specific

spravily o{ dry hydrogen is exactly ^'.j.
of that o^dry oxygen ; but

Dr. Thonuson appears to me in this case to have been led into a

very cousiderable error, by urder-rating the quantity of vapour
in the hydrogen. The hydrogen was disengaged at temperature
49°, at which, according to Dalton's table, the tension of vapour= 0*363 inch. Dr. Thomson supposes the specific gravity of

vapour at 49° to be '00533 compared with dry air at 60°, and
mider a pressure of 30 inches. It is easy to show, however,
that '00633 is nearly the specific gravity of vapour at temperas-
tare 212°, and pressure 0*363 inch

;
and that the specific gravity

of vapour at temperature 49® and pressure 0*363, is considerably
greater.

If the specific gravity of dry air at temperature 60° and baro-
meter 30 = 1

;
the specific gravity of vapour at temperature

212° and barometer 30 will be 0*481, and the specific gravity

of vapour at 212° and barometer 0-363 will be 0*481 x ^^ =
0*00582. To find from this the specific gravity of vapour at

tension 0*363, and temperature 49", we must consider that the

vapour, if reduced in temperature from 2 12° to 49°, will, without

condensing into a liquid, be reduced in bulk, like any of the

gases, from 660 parts to 497 ;* and consequently its specific

gravity will increase from 0*00582 to 0*00582 x ^ = 0*00772,

which is the true specific gravity ofvapour at temperature 49°, and
at the corresponding tension0'36d.

Both Dr. Apjohn and Dr. Thomson have given erroneous
formula; for calculating the specific gravity of aqueous vapour,
founded on the supposition, that if we take vapour at 212 and
barometer 30 as the standard, the density of vapour fl^ any other

temperature is exactly proportional to the pressure which it

supports, without any reference to the temperature.f This

opmion is quite inconsistent with the properties of vapour, as is

evident from the illustration which I have just given; it is also

inconsistent with Gay Lussac's theory of volumes. Several

years have now elapsed since that gentleman has shown, that a
volume of aqueous vapour (of any tension and temperature) con-
sists of one volume of hydrogen and half a volume of oxygen at

the same tension and temperature. This is true at 212°, but it

is equally true at 49° or any other temperature. The specific

gravity of aqueous vapour is to the specific gravity of atmo-

gpheric air always as 0*625 to 1, the temperature and pressure

• Dalton and Gay liUisac have shown that 480 volumes of a gas at temperature 32<>,

txpand to 497 at 49", and to 66() at "Zl'i^. The same h true of vapours if not in con-
tact with their liquids.

f Arinaix qf VhUofophy, N. 6. vol, iii. p. S05 and 366.
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being the same. We cannot indeed have vapour at temperature
49° and barometer 30 to compare with air at 49° and barometer

30 ;
but we can have air at 49° and barometer 0*363 to compare

with vapour at that temperature and pressure.
1 consider it to follow as a necessary consequence from Gay

Lussac's experiment on vapour, and his theory of volumes, that

the following is the true formula for the specific gravity of

aqueous vapour. Let the specific gravity of dry air at tempera-
ture 60° and barometer 30= 1, and its volume = V

;
and let V^

be the volume of air, and p the tension of vapour at any other

temperature, then the specific gravity of vapour at that tempera*
ture will be

If in this formula we substitute for V and V the numbers
508 and 497, which are the relative volumes at 60° and 49°

;
and

if for p we substitute 0*363, which is the tension of vapour at

49°, we shall find the specific gravity of vapour of maximum

tension at49° = 1 x ^^ x ^^ x 0*625 = 0*00772, as by the

former method.
If in Dr. Thomson's calculations, we substitute the number
00772 instead of 0*00533, which he adopts as the specific

gravity of vapour at 49°, we shall find that 100 cubic inches of

dry hydrogen weigh 2*0537 grains ;
and 100 cubic inches of

oxygen weigh 33*915 grains at temperature 60° and barometer
30 ; and if we admit that in these circumstances 100 cubic inches

of dry atmospheric air weigh 30*5 grains, we shall have the spe-
cific gravity of hydrogen = 0*0673, the specific gravity

of oxy-
gen = 1*1 11, and consequently the specific gravity of hydrogen
tothe specific gravity ofoxygen as 1 to 16*54.

From this it follows, that if Dr. Thomson's experiment is cor-

rect (and of this we can scarcely doubt from the care and atten-

tion with which it was performed), it disproves the hypothesis
that the specific gravities of all the gases are multiples by inte-

ger numbers, of the specific gravity of hydrogen. It is true

that 16*54 does not differ from 16 by more than about ^^^ of the

whole, and that a very slight change in the number adopted for

the specific gravity bi^ hydrogen would account for the differ-

ence ;
but this merely shows how difficult it is to make any

experiment sufficiently accurate to decide on the truth of the

hypothesis.
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Article X.

Analyses of Books.

An Attempt to establish the First Principles of Chemistry by
Experiment. By Thomas Thomson, MD. FRS. Regius Pro-
fessor of Chemistry in the University of Glasgow, &c. In
Two Volumes, 8vo. 1825.

This work may be considered under two different points of

view; first, as a collection of the principal facts upon which the

important doctrine of definite proportions or atomic theory is

founded; and, secondly, as containing numerous experiments
confirming those which had been previously made, or supply-
ing the deficiency which existed as to the atomic weights of va-
riorts bodies, both simple and compound.

After a preface and advertisement, we are presented with an
historical introduction of the atomic

theory, occupying twenty-
eight pages : in this sketch we think tne author has fairly
allotted to each philosopher the portion of merit due to him ;

there are, however, some statements which call for obser-

vation
;
and especially with respect to the substance by which

the atomic unit is preferably represented
—whether by hydrogen

or oxygen. Dr. Thomson remarks, p. 14,
" Mr. Dalton made

choice of the atom of hydrogen for his unity ;
and in this he has

been followed by Dr. Henry, of Manchester, and by one or two
chemical gentlemen in London. But this method has been

rejected by almost all the British chemists, and by all the che-

mists, without exception, in Europe and America." Has Dr.
Thomson forgotten, that Sir H. Davy, in his Elements of Chemi*
cal Philosophy, has adopted hydrogen as unity? We shall

not follow the author in all his arguments for preferring oxygen ;

the strongest of these, and in our opinion indeed the only
one w^hich possesses any weight, and that but little, is that
" we see at once by a glance of the eye the number of atoms of

oxygen which enter into combination with the various bodies.*'

This fact the Doctor has illustrated by reference to that case

which of all others best proves it, viz. the six oxides of manga-
nese, for no other body forms so many oxides ; but this facility is,

we think, more than counterbalanced by the difficulty of seeing at

a glance whethertheproposed atomic weight ofa body is probably
the true one, by determinining whether it is a multiple of the

atom of hydrogen by a whole number ; thus oxygen being unity,

fuming sulphuric acid, is represented by 11*125: now it requires
an. operation to discover that this is equivalent to 0*125 x 89,
and 89 is, in our opinion, a much more convenient number, and
more likely to be retained in the memory than 11'125, unless by
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some process which we have not discovered, decimals al'e more

easily remembered than whole numbers, and numerous figure*
than few.

With respect to the decimals included in those numbers
which result from the adoption of oxygen as unity, Dr. Thomson
observes :

" Now surely it will not be said that the fractional

numbers are more unwieldy or more unmanageable than the whole
numbers ; while in all cases of whole numbers, the advantage on
the s'de of the latter method is very great. Thus ifhydrogen be

unity, the atom of uranium is 208, while if oxygen be unity, it is

only 26."

Let it be granted for a moment that provided we have to remem-
ber a certain number offigures, it is indifferent whether they are

decimals or whole numbers
;
and let us then examine in which

mode the greater facihty is obtained. Dr. Thomson's third table

contains 408 substances hydrogen; being 1, 319 of these are

represented by two figures, and 89 by three, and consequently
no one by any greater number

;
but oxygen being unity, we

have 58 bodies represented by "one figure, 104 by two, 99 by
three, 143 by four, and 4 by five figures. It will also appear
that of 246 substances represented by three, four, or five figures,

oxygen being unity, 200 are represented by two figures only,
when hydrogen is the standard of comparison. The sixth table

contains the atomic weight of 646 bodies
;
of these, 262 are

represented by four, five, and 1 by six figures, of which not one
would exceed three figures, hydrogen being 1.

These statements are, we think, sufficient to settle the ques-
tion of facility. But in conversation, let any chemist inquire of
another by what number he represents any given substance-*-

let it be nitrate of manganese ;
if oxygen be unity, the answer

will be 19*125. If hydrogen be the standard, the answer will be
153. Now this is not an extreme case ;

there are many such as

will be readily imagined from what has been stated.

The author proceeds to the consideration of the relative and
absolute weight of oxygen and hydrogen gases, and the compo-
sition of water. He discusses the question whether that fluid,

according to the views of Sir H. Davy and Professor Berzelius,
is a compound of 1 atom of oxygen and 2 atoms of hydrogen, as

indicated by their respective volumes, or constituted of one
atom of each of its elements. We need hardly observe that the

author coincides with the views of most other chemists in

adopting the latter opinion.
Several well imagined and executed experiments are related,

all of which tend to confirm the opinion that an atom of hydro-
gen being 1, that of oxygen is 8, and of water consequently^^.
This part of the subject had indeed been so completely set%d
in our opinion by the previous researches of the author ..^F^d

others, that it was scarcely requisite to perform fresh experi^
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xnents to decide it. Indeed no difference whatever is to be
found between the specific gravities of any gases either simple
or compound in the author's present work, and those contained

in the last edition of his System, except in five cases of the latter.

The recent experimental researches detailed are not founded

upon more obvious or easy principles, but with the increased

difficulty of complexity. Of this the last method employed
to ascertain the atomic weight of ammoniacal and azotic

gases offers an abundant proof. After having determined the

atomic weight of azotic gas by the analysis of atmospheric air,

nitric acid, protoxide and deutoxide of azote and nitrous acid,
and having proved its weight to be 1*75, and having arrived at the

same conclusion from the analysis of ammonia, the Doctor offers

what he allows to be " a redundancy of evidence," as to the

composition of ammonia, and consequently the atomic weight
of azote. We shall give this as a fair specimen ofvery complex
analysis, executed, we think, with great skill, and as offering

confirmatory evidence of the facts which the operations are

intended to illustrate.
"

1 . Oxalate of ammonia is a neutral salt, which crystallizes
in beautiful transparent prisms. It is not very soluble in water.

Its constituents 1 have found, by a careful analysis, to be

1 atom oxalic acid 4*5

1 atom ammonia 2*125
2 atoms water , 2*25

8-875

8*875 grains of this salt were dissolved in a small quantity of

distilled water. 6*25 grains of pure calcareous spar (equivalent
to 3*5 graiuvS of lime) were dissolved in muriatic acid : the solu-

tion was evaporated to dryness, and the dry residual salt, consti-

tuting muriate of lime, was redissolved in a little water. The
two solutions being mixed, a double decomposition took place,
and oxalate of lime subsided to the bottom. As soon as the

supernatant liquid had become quite clear, it was tested by
oxalate of ammonia, and by muriate of lime

;
but was not rett*

dered muddy by either of these reagents,
—showing that it con-

taijied no lime nor oxalic acid. From this it is obvious, that

$•{$75 grains of oxalate of ammonia contain just the quantity of

oxalic ajcid requisite to saturate 3-5 grains of lime. Now, 3*5

being the atomic weight of lime, the oxalic acid in 8-87.3 gi-ain^
of the oxalate must be the equivalent of an atftm, ov 4v3

;
foj i^

will bie shown afterwards thui 4-.^4$t4h0iJ|t0aii«!weight of oxalic

^^.ui^:)i:^ [:
' ', -w:

' -- • -'- ' •
old

^jy^fb^r {liquid froin which; the oxalate of lime had precipitafclii

WB^ neutral ; hence the muriatip acid in the muriate of lime wqs

jiut'Capable of saturating thewhole amoioniaia.the 8'875 graii»»
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of oxalate of ammonia. Now, this muriatic acid weighed

exactly 4*625 grains. And it will be shown in the next para-

graph, that 4*625 grains of muriatic acid just saturate 2*125

grains of ammonia. This, therefore, is the quantity of ammonia
in 8*875 grains of oxalate of ammonia.

"We have thus determined the weight of acid and ammonia
in 8*875 grains of oxalate of ammonia. The surplus weight

being undoubtedly water, it is obvious that the constituents of

oxalate of ammonia are

1 atom oxalic acid 4*5

1 atom ammonia 2*125

2 atoms water 2*25

8-875

The atomic weight of ammonia in this salt is undoubtedly 2*125.
" 2. Sal-ammoniac, when newly sublimed, or when dried for

some time upon the sand bath, is an anhydrous salt. It is neu-

tral ; and, therefore, a compound of one atom muriatic acid and

one atom ammonia.

1 atom muriatic acid 4*625

1 atom ammonia 2*125

6*75

6*75 grains of pure dry sal-ammoniac were dissolved in water
;

21*5 grains of pure anhydrous nitrate of silver were dissolved in

another portion of water, and the two solutions were mixed. A
double decomposition took place, and chloride of silver precipi-
tated. As soon as the residual liquid had become clear, it was
tested by nitrate of silver and common salt. Neither of these

salts produced any effect, if we except an almost imperceptible

opalescence which appeared when the common salt was added ;

but there was no precipitate whatever, even after the liquid had

stood a week. From this experiment it is obvious, that 6*75

grains of sal-ammoniac contain just 4*625 grains ofmuriatic acid ;

for that is the quantity necessary to saturate the 14*75 grains of

oxide of silver present in 21*5 grains of nitrate of silver. Hence
the other constituent of the salt, the ammonia, must weigh
2*125, because that is the weight wanting to make up the full

quantity of sal-ammoniac employed ; and, as sal-ammoniac is

neutral, and 4*625 the atomic weight of muriatic acid, 2*125

must be the atomic weight of ammonia.
" 3. 13*5 grains of dry sal-ammoniac were wrapped up in

blotting paper, and dropped into a retort filled with dichloride

of hme (Mr. Tennant's bleaching powder), made into a thin paste
with water. The whole retort and beak was then filled with

wateri and the be^k pf the retort was plunged into a wator
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trough, under an inverted graduated jar, filled with water. As
soon as the paper round the sal-ammoniac was

sufficiently-
softened to allow the dichloride to come in contact with the salt,

an effervescence took place, and azotic gas was disengaged.
This is just the effect always produced when chlorine and am-
moniacal gas come in contact. The lime which was in excess
in the salt decomposed the sal-ammoniac

; and the ammonia, as

it was evolved, came in contact with chlorine, and was decom-

Eosed
;
the hydrooen uniting with the chlorine, and the azote

eing disengaged in the gaseous state. The action is so violent,
if the dry sal-ammoniac be dropped at once into the retort, that

it is difficult to collect the whole gas ;
but when the salt is

wrapped in paper, the action is slow, and the gas may be all

collected with the greatest facihty. The azotic gas obtained in

this process was 11*7 cubic inches, at the temperature of 47°,
and when the barometer stood at 29*93 inches. This is equiva-
lent to 1 1*853 cubic inches of dry gas, of the temperature 60°,
and under a pressure of 30 inches mercury.
-

" This constitutes the whole amount of the azotic gas in 4'25

grains of ammonia, the quantity contained in 13*5 grains of dry
sal-ammoniac. Now, 11*853 cubic inches of azotic gas weign
3*5147 grains. Hence it follows, that the weight of the other

constituent, the hydrogen, is 0*7353 grain. Consequently, am-
monia is composed of

Azote 1*7573 or 1 volume

Hydrogen 0*3676 2*94

2-1250

The small excess of azote in this experiment was owing to a
small admixture of common air with the azote, in consequence
of the gas standing 24 hours over the water.

" The experiment was repeated seven times, in various ways,
and the mean of the whole came exceedingly near 1 1*8 cubic

inches of dry azotic gas from 13*5 grains of sal-ammoniac. This

weighs 3*4993 grains, giving.us the compositioa of ammonia as

follows: _rilK ;t. U>- , /•*;?/. .- oi i

Azote . .^•,. <jrfkii5^*, .1*74965 or I volume

Ilydrogenr. u^hsw «v w . 0*37535 3*0028

2*12500,
,,

This analytical result! of . direct experiment' cofties »witHin ^less

than -xToo^th part of the theoretical estimate ;> aWdly'taJeett' toge-
ther with the preceding facts, can leav6 no doubtw'iHfe^hSfo-
sition of ammonia.'' -

'
!> , .lii.j. hBN bnx5 ,*ihl

At p. 150, in treating of the <kompoiind»<6f»<tMirb^flmtf^ b^^S>
gen, a statement occurs which both surprifeed and atWueed'uS.

The author mentions his belief Uiat no fewer than five diffetent
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gases or vapours exist composed of one volume of carbon

vapour and one volume of hydrogen gas. He says,
*' the first

consists of

1 volume carbon vapour? ^^^^^^^^^^^ j^t^ i ^^i^^^.
1 volume hydrogen gas 3

"Its specific gravity is 0*4861. One volume of it requires
for complete combustion l-i volume of oxygen gas. After the

combustion there remains one volume of carbonic acid gas.
" This pecuhar gas has not yet been met with by chemists ;

but I see no reason to doubt its existence."

Now, in the name of the first principles of chemistry as esta-

blished by experiment, we protest against the admission of so

vague a conjecture in a work decidedly of a practical kind ;
and

it is venturing much too far to state the specific gravity of a gas
which exists only in the imagination ;

and equally objectionable
is it to state the quantity of oxygen which it does require for

combustion, instead of that which it ivould require if we could

"Jirst catch it." Under this head Dr. Thomson states his

analysis ofnapthaUne, by which it appears to consist of "

1-i- atom carbon. . , . .^ v«w . • '. . . .... 1*125 § VHr*'^'

] atom hydrogen . .>i\'i w ^i. * k * 0'125^'fiJi^f »'*

In determining the atomic weights of siHcon, an experiment
is related, which we confess ourselves at a loss to comprehend :

it is the following :

^

" About the middle of May, 1823, 1 fused a quantity of silica,

with thrice its weight of anhydrous carbonate of soda, and

digested the fused mass in a small quantity ofwater, till the silica

assumed a flocky appearance. The whole was then thrown

upon a filter
;
and the sifica was washed repeatedly with distilled

water, till no traces of soda could be found in the washings.
In two days the filter with the silica became dry enough to be
handled. I placed the filter on several folds of blotting paper,
on a table in the middle of my laboratory, where it was allowed
to remain for six weeks, without being disturbed. It may be

necessary to mention, that the weather during the whole time
was uncommonly cold

;
and I have reason to believe, that the

temperature of the room scarcely ever exceeded 60°, if it

amounted to so much. When I returned to Glasgow, on the
24th of June, the thermometer in my laboratory stood at 57°.

The sihca, to the eye and the feel, appeared perfectly dry ;
it

weighed 43*23 grains. By exposure to a red heat, it lost lO-S^.

grains, and was reduced to 3268. Now, 32 68 : 10-55 :: 4 :

1-2913 == water combined with 4 silica. This exceeds 1-125 by
0-1663, which is rather more than one-seventh of an atom. This

may be
con^ifei^d the greatest amount of the excess whichever

remains;" "-^^'^'^
« ..
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1 Now the question wliich arises is this :
—Can silica be sepa-

rated from the soda with which it has been fused by the

agency of water, and without the action of an acid? If the
fact be so, it is quite new to us

;
but we cannot help thinking

that some part of the operation is omitted to be stated.

The atomic weights of the fixed alkalies, alkaline earths, and
their metallic bases, are all given as in the author's System, so that

his experiments which merely confirm former statements call tor no

particular observations. Indeed with respect also to the metals
the greater number, and all the more miportant ones, agree
with those given in the System. There are, however, some
variations and important additions in these bodies

;
such

are the atomic weights of palladium, iridium, titanium, tungsten,
and uranium, and of many compounds containing them. With

respect to uranium, it is a curious fact that it has a strong dis-

position to form sesquisalts; with these additions, we may
now consider the^iatottrife weights of the metals as settled, except
that of osmiun^r '(-o

^0 ^J"'0^
While adopting the* xjonvposition of th^; oxides of copper as

usually given, Dr.T.ha^, and, we think, without sufficient reason,
altered his

opinion
of their atomic constitution

;
he now consi-

ders the black oxide as a compound ofan atom of oxygen 1, and
one of copper 4; and the red oxide as a suboxide constituted

of two atoms of copper 8, and one atom of oxygen 1 .

It is remarked by the way, that such suboxides a& that ofcopper
'* in general are incapable of constituting permanent salts with

acids." Now as far as we know, no such suboxides exist, the

only unquestionable one being the suboxide ofsilver formed by INI r.

Faraday, and which consists of three atoms of silver and two of

oxygen. It is indeed true that two suboxides of manganese
have been mentioned, but their existence is much too problema-
tical to serve as the basis of a general law

;
one of them indeed

is stated to be incapable of combining wi^t^h acids,, and no proof
has, we beHeve, been offered that the other unites with them.
When treating of the salts of copper, vol. i. p. 420, note. Dr.

Thomson says,
"

It was the consideration of the salts^ of copper
that induced me to adopt 4 for the atomic weight of copper; for

ifwe represent the atom of copper by S, all the salts of copper,
without exception, will be bi.^ults, or will contain 2,i\tf>pisof
acid united to 1 atom of oxide." This assertion appears to be

.of too sweeping a nature, unless the so/uhlc salts only oi, copper
be meant, and, ey,eA .then we question its accuracy. Amojig
those which would consist of one atom of each ol' its constitu-

ents ar© those. ;Which Dr. Tlmnison calls disalLs, tlu re aru' the

disulphate, dicad:)onal,e, verdi^ris^ and probably al^(j ihc msoln-
"ble muriate and nitrate. It, }io\v(;\t'r, the tact were .^o, that all

the salts of copper vvere insoluble except the bisalts, this cir-

cumstance does not
apj>€at

to be a sufiicient cause for making
60 glaring an exception to the general rule, that when ^two
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oxides ofa metal exist, the oxide which contains least oxygen is

admitted to consist of one atom of each of its elements; and

that which contains double, of two atoms of oxygen and one

of base. By the method which Dr. Thomson has adopted,
we have also the anomaly of a protoxide represented by a

higher number than a peroxide. Thus while protoxide of

•mercury is represented by 208, and the peroxide by 216, the

protoxide of copper is 72, and the peroxide 40.

It was our intention to have offered some observations respect-

ing the number by which Dr. Thomson repuesents alumina, but

we have extended this article to so considerable a length, that

we have room only for one quotation more, and is that which

forms the conclusion of Dr. Thomson^s work, respecting an

empirical law of Berzehus.
" Before concluding these general observations,'* observes

l)r. T. " I may say a few words respecting
Berzelius' law, that

* in all salts the atoms of oxygen in the ncid constitute a multi-

ple by a whole number of the atoms of oxygen in the base/

This law was founded upon the first set of exact analyses of

neutral salts which Berzelius made. Now, as neutral salts in

general are combinations of an atom of a protoxide with an atom
of an acid, it is obvious that the atotns of oxygen in the acid

must in all such salts be multiples of the atom of oxygen in the

base
;
because every whole number is a multiple of unity. Neu-

tral salts, therefore, are not the kind of salts by means of whicli

the precision of this supposed law can be put to the test.

^' Even in the subsalts^ composed of 1 atom of acid united to

2 atoms of base, it i^ obvious enough, that the law will hold

whenever the acid combined with the base happens to contain

2 or 4, or any even number of atoms; because all even numbers
are multiples of 2^* ,Np,w, tfeis. is .tfi.^^.casa with the following
acids: :<i^r/vi: U-i,i-:>):^.ny..v^j^ri^-:

Phosphoric?!^' T'^Mtrous,' Antiii^^ Citric,

Carbonic^" ^^^'Vl^tanic,' Manganesic, Saclactic,
-

Boracic, j'^
''',

'

,, Arsenious, Molybdous, Chromous^ .

Sulphut<lai.5^f^'Sel£rii(^'^ /^^^'^ffi^

'

< f V . ;

;G6iis^ueh%V''tfe1aw^rffuk'^K6rd |6o<f'tif ^#dlWi?l^om>4f
Vktom of these acids with 2 atoms of ba§e.-^'^':^^^'5X9 .i:K'i|:'^r
-' "In thfe case of all those acids which cdntain oViiy 1 atorn of

Wiygen, all the subsalts composed of 1 atom of the acid united

-'to 2 atoms of base, the law will also in some sort hold
;
for the

^ibihs
of the oxygen in such acids being 1, this numbercx<^Sil

^yays be a submultiple of 2, the number of atoms of o5irw^»in

.platoms of base. This is the case with the Mlomn^uti^P^'i^

-11^^ ««y Silicic, .^a sidi?. Hyposulphuroii^ 'jo p.^ha sds
:jaiifim Pl>Osphorous,:aiia £ 8f^>^P^i^ <if:tetoi^9arit»!^>nt
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It is only in the subsalts of acids containing an odd number of
atoms of oxygen, that exceptions to the law can exist. It is to

them, therefore, that we must have recourse when we wish to

^determine whether this empyrical law of Berzelius be founded
in nature or not. Now, there are thirteen acids, the integrant

particles of which contain an odd number of atoms of oxygen.
The following table exhibits the names of these acids, together
with the nuniber of atoms of oxygen in each.

Atoms of oxygen.

Acetic acid* t9>i...«. 3
Succinic. .^••^••.•. 3

Atoms of oxygen.

Sulphuric acid , . 3
Arsenic *,.•...* 3
Chromic. ai,-\^/V*«lA<;ii ^;^' i 'i ^'' Benzoic 3

Molybdic •.5V;)XaUy4 ; 3*^0 o q

Tungstic. »/LWViU § f;<ii3xft'

Nitric 5
nsi- f3£frartaric 5

Hyposulphuric 2^

"Now, although the number ofsubsalts which I have examined
is exceedingly small, because my object was not to investigate
the truth of Berzelius' law, but to determine the quantity of
water of crystallization which the salts contain, yet tnere occur
several which are inconsistent with Berzelius' law. This is the

case, for example, with the disulphate of alumina, the atoms of

oxygen in the base being 2, and those in the acid 3. The fol-

lowing subsaUs are precisely in the same predicament:

,.ld6^1^m91 amoa iyo Waioq i Atoms of oxygen in b*se.

Dmitrate of alurmna . . •
•c.\»^fff^^4-f , .?

,„ Trisnitrate of alumina . , '. • • ^.•LiH^. • 3

-^, Diprotarseniate ot iron .... it^,.^*HK», 2

V,om ^i^itrat^ ^^
^ad

^--^/^•^iffJ•oL^. >-•

-// d.n giacetate
of lead .... .

,^,..,^5^^^^^2 ^^^

;,^v,
, Binitrate of bismuth ,^a /?» ~.\Ai,

These examples comprehend not only nitric acid, which Berze-

lius has recognised as an exception to his law ^ but likewise,

sulphuric acid, arsenic acid, and acetic acid.
" It would certainly be a most remarkable circumstance if

2 atoms of any protoxide were incapable of combining with 1

atom of any of the 13 acids in the preceding list. I have given
seven examples of such combinations; and am persuaded that

many more will be discovered whenever the attention of chemists

is particularly turned to the subsalts.
" There is another kind of saline combination in which ex-

ceptions to the law of Berzelius may also be looked for ;
I mean

those salts which I have distinguished by the epithet sesquisalts

or snbsesquisalts. In the sesquisalts, 1t[ atom of acid unite with
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1 atom of base ; or, which comes to the same thing, 3 atoms of

acid unite with 2 atoms of base. In the subsesquisalts, 1^ atom
of the base unite with 1 atom of the acid

; for example, the se5-

quicolumbate of h^xytes is composed of

3 atoms columbic acid, containing 3 atoms oxygei^,

,fi 2 atoms barytes ^ •

h^*-
'^ '•

fiere we see, that the oxygen of the acid is not al^muifipfe ofthai
in the base.

" When the acid contains 2 atoms of oxygen, and the base 1

atom, it is plain that the sesquisalts must all come under Berze-
lius' law

; because 1^ atom of acid will contain 3 atoms of oxy-

fen,
and 3 is, of course, a multiple of 1

; but in acids containing
or 3 atoms of oxygen, the law of Berzelius cannot hold.

,

" With respect to the subsesquisalts they will all come under
Ber2:elius' law when the acid happens to contain 3 atomsoxygen,
and the base only 1 atom

;
but they will deviate from it when-

ever the acid c6ntains I'or 2 atoms of oxygen.
*^"'^

n
*>

*'

Upon the whole, though the subsalts and sesquisalts have
not been sufficiently investigated to enable us to decide upon
the point with perfect certainty ; yet from what we do know,
there appears sufficient evidence that Berzelius' rule cannot be
considered as a general chemical law

;
and that we run the risk

of falling into most egregious mistakes, if we make use of such
a law in calculating th^ atomic weight and chemical constitu-

tion of the acids or bases. .
I pointed out some remarkable

fexamples of this error when treating of uranium, to which it is

merely necessary to refer the reader.
^^ "^ " '^ "*" *^"

In concluding our remarks, we may observe, thalt'we have

freely expressed our differences of opinion with the author ori

certain subjects 5
to this we are sure he will not object, morQ

especially
as they are mostly matters of opinion, from which we

have withheld our assent. His method of experimenting ap-
pears to us liable to exception in very few cases

;
the work must

form a part of every chemical library, and will be referred to as a
standard by those who wish to acquire information as to the
atomic weights of bodies, or a knowledge of the experimental
means oit^acm^^M^Zom';"^ ^aiBi-^o'blao^ 3l»'

; ! I ^^imomoo lo sliuq^Qni qiow abizoioiq y«^ ^c f?'"ar«r;i

lifi'i^i^avfid I a^^gil §0ib3O9Tr edi tii sbios 81 eri^ fo yajs'^o fjn^^ Uj

mii
bsbfiuaiaq IBB has ^ gaoiiBnidraoo rloiia io 8elirr.*^Z9 le . >;

il^ti'.^t^dolo noUfl9.^Jta pds j^vsnedw bsiavooaib ec^ MJw -^-^x) avF.;

i . . . .aiLegdug sdi oi L^nijjt -^litduoiitB'
*X9 ibiiiw rii floiififiidmoD snilsa lo bald wdloac ai m^d I'

**

ofidfii I ; i6i baiool sd oalfi ^sm guilsyiad lo wbI sdi oi ^aoiiq^t}

^i^m^'^ptMAilq» odi ^d bed^w^ai^Bih syrsd I ib^riw aiba aacdi-

liiw atimi bias to m^in. frl ,^jfe£iak->g9*
adi «i! ».\\^?;'wj»W?iA«?. ?r
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Article XL

Proceedings of Philosophical Societies,

LINNEAN SOCIETY.

April 19.—The reading of the Rev. Messrs. R. Sheppard's
and W. Whitear's Catalogue of the Birds of Norfolk and Suf-

folk was continued.

Mai/ 3.—Prof. F. A. Bonelli, and Mons. C. S. Kunth, were
elected to fill the two vacancies in the Hst of Foreign Members
of the Society ; and the reading of the Catalogue of Norfolk

and Suffolk Birds was concluded. Annexed to this catalogue
was a table of the times of migration of various birds, as observed

at several places in the above counties during a series of years.

Mai/ 24.—The Anniversary Meeting of the Society was held

this day at one o'clock. Sir J. E. Smith, Presidentj
in the Chair;

when the following members were chosen Officers and Council
for the ensuing year.

President.-Sit J. E. Smith, Knt. MD. FRS.
Vice-Presidents.—Samuel, Lord Bishop of Carlisle, LLD.

VPRS.
;
A. B. Lambert, Esq. FRS. ; W. G. Maton, MD. FRS. ;

Edward, Lord Stanley, MP. FHS.

Secretary.
—J. E. Bicheno, Esq.

Assistant-Secretary .
—Richard Taylor, Esq. MAS.

Treasurer.—Edward Forster, Esq. FRS.
Council.—Edward Barnard, Esq. FHS.

; Robert Brown, Esq.
FRS

;
H. T. Colebrooke, Esq. FRS.

; Edward Home, Esq. ;

Charles Konig, FRS; Daniel Moore, Esq. FRS.; Rev. T.

Rackett, MA. FRS.
;
and J. F. Stephens, Esq.

The Society afterwards dined at the Freemasons' Tavern,
where the presence of Sir J.E. Smith, in improved health, added
much to the enjoyment ofthe day. Addresses on subjects inte-

resting to the cultivators of natural history were delivered by
various members and other men of science : amongst others, by
the venerable Bishop of Carlisle, Lord Stanley, the Rev. Dr.

Fleming, and the respective Presidents of the Horticultural and

Geological Societies. Numerous expressions of respect and
cordial esteem were called forth towards the late Secretarjr of

the Society, Alexander Mac Leay, Esq. FRS. on the occasion

of his quitting this country for a time, to occupy the important
station of Colonial Secretary in New South Wales.

June 7.—Some communications were read from Lieut. J. H.

Davies, and Charles Willcox, Esq. relative to a species of

MityluSy stated by them to be M, bidens, found in great quantity

adhering to the bottom of his Majesty's ship Wellesley, built at

Bombay, and which has been lying in Portsmouth Harbour ever
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since 1816. It seems to be quite naturalized there, and to pro-

pagate abundantly. A paper was also read on the Crepitacula
and Organs of Sound in Orthopterous Insects ; and particularly"
in the Locusta camellifolia, a description of which is subjoined ;

by the Rev. Lansdown Guilding, BA. FLS.
Jline 21.—^The following papers were read :

—A Descriptive

Catalogue ofthe Australian Birds in the Cabinet of the Linnean

Society; by Thomas Horsfield, MD. FLS. and N. A. Vigors,

Esq. FLS. : communicated by the Zoological Club of the Lin-

nean Society, In the introductory remarks to this Catalogue,
most of the species described in which are of great interest, the

writers express their confident expectation that the deficiency
of our knowledge of the habits of the birds of Australia will be
in great measure supplied by the exertions of Mr. A. Mac Leay,

during his future residence in that interesting country.
—A

Notice on a peculiar Property of a Species of Echinus
; by E.T.

Bennett, FLS. : communicated by the Zoological Club.

The Society then adjourned to the 1st of I|^Yember ne^i,

GEOLOGICAL SOCIEtY.'^^'^

May 6.—A paper was read, entitled " A Brief Description of

an extensive Hollow or Fissure, recently discovered at the Quar-
ries near the Extremity of the,3Kesjtern Hoe, Plynao,^|^,^ ^l^y

the

Rev. Richard
HennaVjolxi/Tbififi: . ..^-^«»^^^n,

In this communication the author describes an extensive
hollow or cave in the limestone rocks near Plymouth, in which
no remarkable bones have yet been discovered, but in which
stalactites are particularly abundant. Mr. Hennah offers some
remarks on the various causes and circumstances which have

contributed to give to thesf, stal^qtitejs th^i^4\8^^^§L^_teP^^ ^"^^

compositions. . . uA nl ,rfii ; .3 .lii8 lo^onsasm 9x1:^,;A paper entitled " On a Dyke of Serpentine cutttng through
Sandstone in the County of Forfar;" by Charles Lyell, Esq.
Sec. GS. was read in part.

May 20.—The reading of Mr. Lyell's paper was concluded,;,
'

In the former part of this paper, the rocks which are exposed
on the left bank of the Carity, a small river in Forfarshire, which
descends from the mica-schist district of the Grampians into

Strathmore, are described. The first of these is a claystone

porphyry, next to it is a conglomerate containing quartz pebbles,
and then strata of fine grained micaceous sandstone and shale,

dipping to the south, and which are suddenly cut off at an angle

by the serpentine. These strata of sandstone
'

and shale form

part of a great series which overlies the clay slate to which it

jjinmediately succeeds, and is older than the great conglomerate
5^6th,^,Qi4.fe4)§aft^&fc^iWhich lies immedia,^4y ^B^" >ltimW®
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serpentine is vertical and is well characterized. It contains in.

part veins of asbestos, and in parts diallage, and a large mass of

nypersthene.
On the other side of this dyke of serpentine, which is 90 yards

thick, fine grained sandstone and conglomerate again appear
and dip away from the serpentine towards the S. Next to these

a mass of serpentine is seen mixed with dolomite, and at its side

altered sandstone and a conglomerate in which the quartz peb-
bles are split and re-united by ferruginous matter. Lastly, at a

short distance a dyke of greenstone parallel to the serpentine
occurs flanked on both sides by vertical masses of sandstone

and conglomerate much altered and indurated, and charged with

brown spar.
Mr. Lyell next describes the rocks on the right bank of the

river, which resemble those on the left with one exception, viz.

that the great dyke of serpentine seems to be connected with the

mass of dolomitic serpentine, a thin bed of fine grained green-
stone alone intervening, and the sandstone and conglomerate
which appeared between them on the opposite side being
absent.
' In conclusion the author traces this dyke of serpentine pursu-

ing, its course in a direct line to the north-east and south-west of

the locality in which it occurs on the Carity. It is found recur-

ring at intervals for the space of at least 14 miles from the bridge
of Cortachie to Bamff, near Alyth, in Perthshire.

It is always unconformable to the strata through which it

passes, and its course is never interrupted by any other rock.

.
A notice was then read " On the Serpentine of Predazzo ;"

by J. F. W. Herschell, Esq. Sec. RS.
In this communication, the author mentions that at Canzocoli,

near Predazzo, in the Tyrol, where a junction is seen of a gra-
nitiform sienite with dolomite, a layer of serpentine is found to

intervene between the sienite and the dolomite.

The dolomite dips at an angle of 50° or 60° beneath the

sienite, and near the junction an alteration takes place in its

mineralogical character; as it presents, instead of its usual

highly crystallized saccharine structure, a flaky and very talcose

appearance. The incumbent sienite is no less affected. Its

grain is smaller, and it is intersected with innumerable veins

parallel to the plane of junction of a white mealy substance,
vyrhich partly dissolves with effervescence, and partly gelatinizes
with nitric acid. In the midst of this white substance occurs

the thin lamina of serpentine, which is extremely well charac-

terizied.

The whole of the transition from the sienite to the dolomiti^.

takes place within a thickness ofabout 18 inches or two feet.
,
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A notice was read on Carbonate of Copper, occurring in the

Magnesian Limestone at Newton Kyme, near Tadcaster
;. by

W. Marshall, Esq. MGS.
The green carbonate of copper, found by the author in a large

quarry ofmagnesian limestone near Tadcaster, runs through the

limestone in thin veins dipping to the west
;
the dip of the lime*

stone being in the same direction, but at a less angle. At Farn**

ham, a small village two miles north-west ofKnaresborough, which
is also in the magnesian limestone, a considerable quantity of

copper was formerly . obtained, and these are the only two
instances in which Mr. Marshall has heard of any of the ores of

copper having been found in the magnesian limestone.

Article XII.

,;
SCIENTIFIC NOTICES.

Magnetism.

\, Queries respecting Animal Magnetism. By a Correspondent^
*

in a Letter to Mr. Children.
;

MY DEAR SIR,
'

Camhridgej July \S, IS25.

Though many experiments, iand some of them of very recent y
date, have been made on the ^ymnotus electricus and other V
fishes having similar powers, yet I am not aware that it has as

yet been ascertained whether, and to what extent, they may be

possessed of electromagnetic properties. If this animal electri-

city be similar to common electricity, it is to be expected that it

will be capable of magnetising a needle inclosed in a spiral,
but not of causing deviation in the galvanoscope ;

if it resemble

galvanism, we may expect both effects. From the experiments
made by Mr. Cavendish in reference to the Raia Torpedo, it

appears that its electricity was most nearly imitated by that of
a large extent of coated surface charged to a very low intensity;
that *' the quantity of electricity was extremely great,'' and that

"it was gradually transferred from one side to the other." I

should, therefore, anticipate from the torpedo, magnetic action ^

resembling that from galvanism ;
and by analogy, similar effects

may be expected from the Gymnotus electricus, Silurus electri-

cus, Tetraodon electricus, and Trichiurus Indicus.

Should any of your readers have the opportunity to resolve

these questions, they will, I hope, consider them sufficiently

interesting to deserve their attention.

•; Believe me, my dear Sir, . . ;

'

fc Very truly yours, J. C,
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Zoology,

2. On the Anatomical Difference between Helix Hortensis and
H. 'Nemoralis, By J. E. Gray, Esq.

There has been a difference of opinion among the various

Enghsh and Continental zoologists respecting the permanency
of the distijiction between Helix Hortensis and //. NemoraliSf
which certainly at first sight appear very distinct, both on
account of the small size, thinness, and more polished surface,
as well as the white lip of Helix Hortensis ; but no one has yet
taken any notice that there exists a difference in the form of
that

part
of the generative organs of the shell called visicula

miiltifida by Cuvier in his dissection of Helix Pornatia ; in one

(H. Nemoralis) it is much more lobed than in the other
; Cuvier's

name for this organ is bad, as in several of the Helices it is

singly-forked, in others doubly-forked, and rarely many cut.

This variety existing in the several organs is curious, as I am
informed by a friend, whose experiments

I hope will be shortly

published, that the two species will breed together. Pioret

perhaps had the knowledge of this fact when he named the

Drown mouth (variety of Helix Nemoralis) as a species, with
the name of H* Hybrida.

3. On^ Siren Lacertina.

Rusconi having observed that the lungs of the Siren Lacertina

were extended to the end of the abdomen, and that these organs

only did so in the larva of the salamander, used this fact as an

argument that the Siren was only a larva
;
but Mr. Grauenhorst

has weakened the position by observing that the lungs of the

perfect salamander are sometimes similarly extended.—(7m,
1824,673.)

4. On the Animal of Argonauta.

It has been a matter of considerable dispute amongst the

modern zoologists to know if the animal usually found in the

Paper Nautilus described by Aristotle and Pliny, was the real

former of the shell, or only a parasitical inhabitant similar to

the soldier crab, 8cc. Dr. Leach, Mr, Sai/, and M, Blainville.

were of the latter opinion, apparent with great reason, Cnvier

and Dumerit combated their opinions ; and lately Baron

FerussaCy M. Ranzaniy and the celebrated Sicilian naturalist,

Polif has supported the opinion of the latter authors. The

strongest fact brought forward in the support of their position,
is that both Mr. Duvernoy and Poh have discovered the exist-

ence of the shell on the embryo found in the eggs attached to

the animals, which are said to be the true inhabitants of the

shell. Sir E. Home ni his paper (in the Phil. Trans.) appears
to refer to the observations of the former, when he observes,
that the yolk must have l)een mistaken for the shell.
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Poli agrees with Aristotle and Dr. Leach that the animal has

no muscular attachment to the shell; which was the chief

argument used by the latter, that it was not its real builder, and
indeed the latter, on the authority of the late Mr. Cranch, states

that they sometimes swim about without their shells, and even

exchange them for others. The fact with regard to the egg
requires to be verified. Would it not be a fit subject for the pencil
of Bauer?
The want of the muscular attachment of the animal to the

shell is an anomaly amongst Mollusca, as is also a truly external

and celled shell amongst Cephalissodes. Indeed the form and
structure of the shell gives reason to believe that its former i^

more nearly allied to the genera Carinaria and Firola,—J. E. 0.

5. On the Animal of Cali/ptnea.

Messrs. Deshayes, (Annals Sci. Nat.) and Deslonchamps,
{Rev. EncycL) have lately examined the animal of the genus
Calyptraa of Lanark, (Patella China noistain) and found it very
similar to that of the genus Crepadula dissected by Cu?ier ;

indeed it only differs slightly in the position of the gills imd
abdominal viscera caused by the more orbicular form o|; the

shell. Their account agrees with the dissection I made 4iree

years ago, and proves that the two above-named genei^ are

exceedingly allied.

6. On the Genus Plagiostoma,

M. De France has lately divided the genus of Plagiostoma
as established by Mr. Sowerby into two genera. The first, for

those species found in the chalk (as P. spinosa and P. Hoperi,
Sow.) which he conceived to be aUied to Terebratula; me has

given the name of Pachi/ta with the following characters : shell

bivalve, regular; hinge, toothless; the cardinal edge of one valve

straight: of the other deeply cut with a triangular sinus, for

the passage of the tendenoag pedicle. Secondly, for those
found in the more ancient strata he keeps the name Plagiostoma,
and gives for the genus the following character

;
shell bivalve,

inequilateral, slightly eared ; cardinal edge, transverse, straight,
umbones rather distant. Hinge toothless, with a conical liga-
ment cavity situated under the umbones. These shells are

usually very thin, and M. pe France considers them to have
lived m the glush of the sea-shore, as they are usually filled

with a fine paste ; the genus appears to be allied to Lima, and

consequently to the Family PectenidiE,—J. E. G.

7. On Fossil Elks.

Dr. Hilbert has given two interesting papers on the Fossil
Elk discovered in the marsh pits of the Isle of Man ; in which
he attempts to prove that the bones are post diluvian, and
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^at these animals mostly died by a natural death ; and that one
t)f the chief reasons of their extermination is the gradually fill*

ing up the lakes they formerly inhabited. He is apparently not
aware that the Irisli Elk had twice before been described as
distinct from the common one, under the name of Cernus gigaii-
teus by !Blumenbach, and C. Hibernicushy Desmarest; as he pro-
posed to designate that species, which he considers distmct
from the Isle of Man one, under the name of C, Euri/ceros,

thinking it may be the Euryceros of Appian.
If the Manse Elk should be distinct from the Irish species,

it ought to have a new specific name.

8. Fossil Crocodilefrom Whitby.
The Tlev. Mr. G. Young has given a description of a specimen

of crocodile found in the alum shale in the neighbourhood of

Whitby, by Mr. Brown Marshal, which was purchased by the

Whitby Literary and Philosophical Society.
The length of the animal, which is a species of Gavial, is

14 feet 6 inches following the curvature of the spine, but when it

was alive it must have been more than 1 8 feet long.
, A head of the same species has been figured as an Ichyosaurus
in the Geological Survey of the Yorkshire Coast, p. It/, f. 2.—
(Edin. Phil. Jour. 1825.76.)

Miscellaneous.

9. Mr. Herapath on the Author ofan Erroneous Solution of
i|/"j;" = a*.

(TotheECiltOTioHheAnnaUofPIalosophy.)

GENTLEMEN, Cranford, July 16, 1825.
'

In your Annals for November, 1824, p. 323, 1 have mentioned

Mr. Ilerschell as the author of an erroneous solution of

extracted from Mr. Babbage's paper, Philos. Transac. 1815. \

came to this conclusion from Mr. B.'s observations in the 9th

and 10th problems of his paper, and an allusion with Mr. Her-
scheirs name in the 19th problem. Having, however, received

a letter from Mr. Herschell in which he informs me that he is

not the author, I beg you will have the goodness to say so in

your next. I am. Gentlemen, your humble servant,
J. Herapath.

10. Luminous Snoio Storm on Lochawe.

Towards the latter end of March, in the year 1813, a shower
ofsnow fell on Lochawe, in Argyleshire, which alarmed or asto-

nished those by whom it was witnessed, accordingly as they were
influenced by curiosity or superstition. Some gentlemen who

|iad crossed the lake in the morjung^ had a good opportunity of
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marking the phsenomenon. All had been calmly beautiful dur-

ing the day, and they were returning homewards from Ben
Cruachan when, the sky becoming suddenly gloomy, they rowed
more smartly towards the shore in order to avoid the threatened
storm. In a few minutes, however, they were overtaken by a
shower of snow

;
and immediately after, the lake, which was of

glassy smoothness, with their boat, clothes, and all around, pre-
sented a luminous surface, forming one huge sheet of fire. JVofr
were the exposed parts of their bodies singular in this respect,
for to the eye they all seemed to burn, although without any'
feeling even of warmth. When they apphed their hands to any
ef the melting snow, the luminous substance adhered to themaS:
well as the moisture, and this property was not lost by the snow
for twelve or fifteen minutes. The eveniug became again mild-

and calm, but lowering and very dark. The natives had not
witnessed any similar appearance before

;
and many of them

believed it the forerunner of some dire calamity that was to

befal their mountain land. Rev. Colin Smith.—^(Edin. Phil.

Jour.)

Ijl, Mr. Mackintosh's Processfor rendering impervious to Water
and Air all Kinds of Qlotlis; also Leather and Paper, S^c.

This very valuable process, which we owe to the ingenuity of
our countryman Mr. Charles Mackintosh, consists injoining the

surfaces of two pieces of cloth by a flexible varnish, made of
caoutchouc dissolved in the naptha obtained from the distillation'

of coal. The caoutchouc, after being cut into thin shreds, is

steeped in the varnish composed oftwelve ounces of caoutchouc
to one wine-glass full of the oil. Heat may be applied, and the

thick varnish must be strained through a sieve of wire or horse-

hair. The cloth is stretched on a frame, and then covered by
means of a brush with a coat of the elastic varnish. When the
varnish has become sticky, another piece of similar cloth, simi-

larly varnished, is laid upon the first, the surfaces being placed
face to face

; and to promote the adhesion^ they are pressed"
between a pair of plain rollers, and then dried in a warm room.
This cloth, of which we have now several very fine specimens
before us, besides being used for outer garments to keep ofFrain,^
will be found highly useful for various purposes in the arts and
sciences.—(Edin. Jour, of Science.)
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Article XIII.

NEW SCIENTIFIC BOOKS.
PREPARING FOR PUBLICATION.

A Treatise on Volcanoes, and their Connexion with the History of

the Globe. By G. P. Scrope. 8vo.

A Course of Studies in Plane Geometry. By T. S. Davies, Private

Teacher of Mathematics, Bristol.

Materia Indica, or some Account of those Articles which are

employed by the Hindoos and other Eastern Nations, in their Medi-

cine, Arts, Agriculture, and Horticulture. By Whitelaw Ainslie,

MD. MKAS. late of the Medical Staffof Southern India. 8vo.

JUST PUBLISHED.

An Historical and Descriptive Narrative ofTwenty Years' Residence

ia South America; containing Travels in Arauco, Chile, Peru, and

Columbia ; with an Account of the Revolution. By W. B. Stevenson.

3 vols. 8vo. 21, 2s,
^

.

Practical Remarks upon Indigestion, particularly as connected with

Bilious and Nervous Affections of the Head, &c. Illustrated by Cases.

ByJohnHowship, MRCS.&c. 8vo. 7*.
• Rennie on Gout. 8vo. 5*. 6d.

Welbank on Syphilis. 8vo. Is. 6d.

. The Theory and Practice of Warming and Ventilating Public Build-

ings, &c. 20 Plates. 8vo. 18^.

Lynn's Nautical Tables. Royal 8vo. 2/. 2*.

. : ^. . Article XIV.

•'

aof-noJ :rf"t;-"NEW PATENTS.

J. F*8, F^hlW&lh'/Devonshire, rectifying distiller, for an improved
safe to be used in the distillation ofardent spirits.

—May 14.

C. Macintosh, Crossbasket, Scotland, for a new process for making
steel.—May 14..'^;"^ ^TJ':''

J. Badams, AsWteldf,* ri'^ar Birmingham, Chemist, for a new method of

extracting certain metals from their ores, and purifying certain metals.

—May 16.

I. Reviere, Oxford-street, gunmaker, for an improved construction,

arrangement, and simplification of the machinery by which guns, pis-

tols, and other fire-arms are discharged.
—May 20.

" W. H. James, Coburg-place, Winson-green, near Birmingham, engi-

ikeer, for certain improvements in apparatus for diving under water,

and which apparatus is also applicable to other purposes.—May 31.

J. H. Sadier, Hoxton, Middlesex, machinist, for an improved power
loom for the weaving of silk, cotton^ linen, wool, flax, and hemp, and

mixtures thereof.—xMay 31.

J, h\ Ledsam, merchant, and B, Cook, brass-founder, both of Bir«
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mingham, for improvertaents in the production and purification of coal

gas.
—May 31. *

, J. Crowder, New Radford, Nottingham, lace net manufacturer, for

improvements on the Puslew bobbin net machine.—May 31.

J. Apsdin, Leeds, bricklayer, for a method of making lime,—
June 7. .

'

C. Powell, Rockfield, Monmouthshire, for an improved blowing
machine.—June 6.

A. Bernon, Leicester-square, merchant, for improvements in ful-

ling mills, or machinery for fulling and washing woollen cloths, op
8uch other fabrics as may require the process of fulling.

—June 7.

M. Poole, Lincoln's Inn, for the preparation of certain substances

for making candles, including a wick peculiarly constructed for that

purpose.
—June 9.

J. Burridge, Nelson-square, Blackfriars-road, merchant, for improve-?
ments in bricks, houses, or other materials, and for the better ventila-

tion ofhouses and other buildings.
—June 9.

J. Lindsay, of the island of Herme, near Guernsey, for improve-
ments in the construction of horse and carriage ways of streets, tuni4

pike and other roads, and an improvement or addition to wheels to be
used thereon.—June 14.

W. H. James, Coburg-place, Winson-green, Birmingham, engineer,
for improvements in the construction of boilers for steam-engines.—
June 14.

J. Downton, Blackwall, shipwright, for improvements in water
closets.—June 18.

W, Mason, Castle-street, East, Oxford-street, axletree manufacturer,
for improvements on axletrees.—June 18. i

C. Phillips, Upnor, Kent, for improvements in the construction of a
ship's compass.—June 18»

G. Atkins, Drury-lane, and Henry Marriott, Fleet-street, iron*

monger, for improvements on, and additions to, stoves or grates.-^—June 18.

E. Jordan, Norwich, engineer, for a new mode of obtaining power
applicable to machinery of different descriptions.

—June 18.

J. Thompson, Vincent-square, Westminster, and the London Steel

Works, Thames Bank, Chelsea, and John Barr, Halesowen, Birming-
ham, engineer, for improvements in producing steam applicable to

Steam-engines, or other purposes.
—June 21.

T. Northington, the younger, and J. Mulliner, both of Manchester,
small-ware manufacturers, for improvements in the loom, or machine,
used for the purpose of weaving or manufacturing of tape, and such
other articles to which the said loom, or machine, may be applicable.
—June 21.

Ross Corbett, Glasgow, merchant, for a new step, or steps, to ascend
and descend from coaches, and other carriages.

—June 21 . >

P. Brookes, Shelton, in the Potteries, Staffordshire, engraver, for

improvements in the preparation of a certain composition, and the

application thereof, to the making of dies, moulds, or matrices, smooth
surfaces, and various other useful articles.—June 21.

J.F.Smith, Dunston Hall, Chesterfield, for improvements in ma-

chinery for drawing, roving, spinning, aud doubling cotton^ wool, and
other fibrous substances.—June 21.
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: J. J. Saintmare, Belmont Distillery, Wandsworth t^oad, SinrfeJ^
distiller, for improvements in

distilling.
—June 28.

'

\

: D. Redmund, Old-street Road, Middlesex, engineer, for improve*
ments in building ships, houses, &c.—June 28. —t

G. Thompson, Wolverhampton, for improvements in the construction
of saddles.—June 28. ^

: J. Keathcoat, Tiverton, lace-manufacturer, for improvements^ in

manufacturing thrown silk.—July 6. :

W. Heycock, cloth-manufacturer, Leeds, for improvements in ma-
chinery for dressing cloth.—July 8.

J. Biddle, Dormington, Salop, glass manufacturer, for his machinery
for making, repairing, and cleansing roads and paths, &c.-^July 8.

, Lieut. Molyneux Shieldham, Brampton Hall, Wrangford, Suffolk,
for improvements in setting, working, reefing, and furling the sails of
vessels.—July 8.

- W. Furnival and J. Craig, both of Anderton, Cheshire, salt-manu«

facturers, for improvements in the manufacturing of salt.—July 8. i

: J. Day and S. Hall, Nottingham, lace-manufacturers, for their

improvement on a pusher twist or bobbin-net machine.—July 8. -

W. Hancock, King-street, Northampton-square, Middlesex, fof

improvements in the making of pipes for the passage of fluids.—*

July 16.
- W. and H. Hurst, Leeds, for improvements in scribbling and card-

ing sheep's wool.—July 16.

-H. Hurst, manufacturer, and G- Bradley, machine-maker, both of

Leeds, for improvements in looms for woollen cloths.—July 16. >

, T. W. Stansfeld, merchant, W. Prichard, civil engineer, . and
S. Wilkinson, merchant, Leeds, for improvements in looms and in thd

implements connected therewith.—July 16.

T. Saddler, Devizes, for improvements in collars for horses and
•ther animals.—July 16.
- M. I, Brunei, Bridge-street, Blackfriars, for mechanical arrange-
ments for obtaining powers from fluids, and for applying the same to

arioos useful purposes.
—

July 16.

T. Sitlinton, Stanley Mills, engineer, for improvements in machinein^
for shearing or cropping woollen or other cloths.—July 16.

J. Farey, Lincoln's-inn Fields, civil engineer, for improvements in

lamps.
—

July 16.

T. R. Williams, t^ew Norfolk-street, Strand, for an improved lancet.

*-Julyl6. o
:•

-
'4 (>V -f

Lieut. T. Cook, Upper Sussex-place, KenfeRoad, for improvement*
in the construction ot carriages and harness for the greater safety of

persons riding.
—

July 16. '

J. Cheseborough, dyer, Manchester, for a method of conducting to

and winding upon spools, or bobbins, rovings of cotton, flax, wo^,' or

other fibrous substances.—July 16. '^

• W. Hirst, and J. Carter, cotton spinner, Leeds, for fen apparatus ^or

giving a new motion to mules or billies.—-July 16.

4. J. P-. De la Fons, George-street, Hanover-square, dentist^ for im-

provements in extracting and fixing teeth.—July 16.
'

;'
J. Downton, Blackwall, Middlesex, sliipwright, for improvement* in

iMfcchinw 01 pumps.:—July 19r
. ,/
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REMARKS.

Sixth Afoiith,—1. Fine. 2. Fine, with occasional clouds 3. Fine. 4. Rainy.

5. Showery. 6, 7. Fine. 8. Cloudy. 9—19. Fine. 20. Cloudy: showers.

91—i4. Fine. 25. Showery. 26. Fine : showery. 27. Fine, with slight showers.

28. Showery. 29. Cloudy. 30. Showftry.

RESULTS.

Winds: NE, 7 ; E, 2; SB, 1 ; S, 1 ; SW, 10; W, 1 ; NW, 8.

Barometer r Mean height *v

For the month ^ 30*1 12 inches^

Thermometer: Mean height

For the month rig-SlC®

Evaporation. « 4*25in.

Bain. 0*68

Lmboraioryy Slratforl, Seventh Month, 26, 1825. R. HOWARD.
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Article I.

On Naval Improvement. By Col. Beaufoy, FRS.

(To the Editors of the Annals of Fhilosophy.)

GENTLEMEN, Bushey Heathy near Stanmore, Aug. 1, 1825.

The building of three experimental vessels for the improve-
ment of naval architecture; having excited much attention in the

public mind, not only from the peculiarly interesting nature of
the science under inquiry, but from the professional abilities of
the different projectors, the individual success of each ship has
been observed with an anxiety commensurate with the import-
ance of the object in view.

If, notwithstanding the skill of the constructors, neither of
these men of war showed decided superiority in sailing, the
failure must be attributed to our ignorance of the resistance

bodies meet with when opposed to the impulse of water. Our
'

knowledge of this branch of physics is nearly as limited as our

acquaintance with the laws which govern the motion of the
fixed stars

;
but here the parallel must end : the accumulated

industry of ages alone will probably detect the cause which

produces change of place amongst these heavenly bodies,
whereas the advancement of hydrodynamics is within the influence
of the present generation.

If strength, durability, and efficiency, be all that is required
in our floating fortresses, these characteristics have already
been combined by the talent of Sir Robert Seppings.

It appears that much uncertainty existed in the sailing of the

experimental vessels : sometimes one had the advantage, some-
times another

;
the distinction resting mainly on the quantity

aiid
stowage of the ballast, alterations in the masts, yards, &c.

The requisiteness of these changes is a proof that the highest
genius is incapable of correctly anticipating either the qualities
or the sailing powers of a ship prior to her going to sea.

New Series, vol. x. m
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One
^reat point has been gained by building these vessels,

in showing that the synthetical process is inadequate to obtain
the end in view. Is it not similar to a chemist who, desiring
to analyse metals, of which some were known and, others

unknown, first mixed them altogether, and then, after great

pains, labour, and expence, discovered the impossibility of

arriving at any accurate conclusion in regard to their respective

properties ;
whereas had he, in the first instance, separately

examined each^, the result would have proved less fatiguing, less

costly, and more satisfactory? In all complex cases, scientific,
or mechanical, the most easy and natural way for well under-

standing the subject is to resolve it into the component parts.
In the construction of ships, the great and leading features

are stability and fast sailing; the theory of the former is suflii-

ciently known, but our acquaintance with the resistance of non-
elastic fluids may be termed yet in its infancy. The ablest

builder is at present ignorant of the curves best adapted for

dividing the water; and working thus in the dark, it is no won-
der that the aggregate of slow sailers so far e;tceeds those that

ai'e fast.

If it be deemed desirable to persevere in building experimental
vessels, the plan proposed in the Annals of Philosophy^ for .Ocj«.

1817, may not be unworthy of notice. .

.,
.. , ,

The importance of discovering the curve of least resistance is

not confined alone to vessels moved by the power of wind.

Constructors of steam boats are deeply interested in the fact.

If a packet with an engine of forty horse power be driven nine

knots in an hour, it will require an effort of nearly sixty-one
torses to increase the speed to ten. Could this additional mile

be gained by giving the hull a more advantageous form for cleav-

ing the water, many substantial benefits would accrue. The

original cost of the engine would be lowered from the inferior

size required, expenditure in fuel and stowage would be saved,

?ind less risk incurred of the melting of the grate bars. In short,

from the waterman who plies upon the Thames to the captain

commanding the largest ship in the British navy, all are inte-

rested in finding the sohd of least resistance
;
the first by dimi-

nishing the labour of the oar, and the latter by out-sailing,

coming up with, and capturing the enemy's ship.

Ships nave been aptly compared to bridges connecting the

whole world together; a slow sailing vessel, therefore, is a

bridge longer than necessary. It is not improbable that the

Carthaginian and Roman builders surpassed the moderns in the

form they gave their men of war for cleaving the water, because,

being frequently impelled by oars, to lighten the fatigue of the

yowers, must have been a matter of the greatest moment.
It is highly gratifying to observe the pleasure that several
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of the nobility and gentry take in maritime concerns. The

Royal Yacht Club, by building vessels, and bestowing prizes on
the best sailers, enjoy the patriotic and praiseworthy conscious-

ness that money so expended encourages some of the most
useful classes of society, and creates a spirit of emulation among
the different branches of artificers connected with nautical

affairs. This institution, by introducing for trial new and expen^
sive machinery, is capable of performing services which few

individuals could undertake; and it is submitted for the consi-

deration of the body whether considerable improvement in the

science of sailing might not result from the following experi-
ments. '— ' •'^'- ""'^^ ' '^-^'

Lug sails are nsn^Uy thbtight preferable to others in turning
to windward, and such as are taunt and narrow are deemed
more effective than those that are low and square; but this

phrase of taunt and narrow is extremely indefinite. In the first

instance it is proposed that a vessel rigged as a lugger shall sail

with others, and most likely one amongst them will be found
either a company keeper, or whose rate is nearly on a par. In

the next place, let canvass be taken from the breadth of the

sails and added to the hoist, and a second comparison made;
thus subjecting the sails to repeated alterations and trials, until

the maximum of the length to the breadth be obtained. This
fact established, the next suggestion is to convert the lugger
into a cutter, observing the necessary precaution that the main-

sail, foresail, and jib, expose the same surface to the action of

the wind, as the sails of the lugger. The third trial consists in

changing the same vessel into a schooner, scrupulous regard

being paid that the quantity of sail is equal in the three cases,
and that no variation in the weight, quantity, or stowage of the

ballast be permitted either in the boat of comparison, or experi-
mental vessel.

Rigid adherence to these points is essential to the success of

the experiments, inasmuch as it is the action of sails, and not
the best trim of the hull, which forms the object of the present

inquiry. A vessel of size is for several reasons desirable; one of

14 feet beam, and 57 on deck, might prove sufficiently large ;
but

the beams of the deck should be so disposed as to require no
removal in the subsequent alterations ofthe masts for the various

modes of rigging. It is also recommended that the body be
clencher built ; vessels so constructed generally excel in saihng
such as are carvel made, and this superiority will obtain so long
as the resistance of water to curved lines shall be involved in

obscurity.
It is somewhat paradoxical that constructors of boats for con-

traband trade should possess such decided advantage over the

builders employed by the revenue as to call forth an Act of

M 2
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Parliament regulating the extent and the fixing of the bowsprit,
and limiting the proportions which the breadth of a vessel must
bear to its length, feuch legislative interference is detrimental

to science : experience teaches us that attempts to run goods
will continue so long as high duties create the temptation ; and
the boat restrictions, instead of mitigating the evil, have but
caused the removal of the capital and skill of the constructors

from ourown coasts to those of Holland. If a smuggler build alug-
ger 13 feet beam, 96 from stem to stern, and the bowsprit 60 feet

long, why not launch a custom vessel of 100 feet in length : the

smuggler, ifchased, would use his best endeavours to escape; the

revenue officer, actuated by duty and stimulated by hope, would
exert his utmost to make a seizure, and the relative success of
either party would soon determine the most effective limits of

length to breadth.

Let not these remarks be misconstrued into an advocation of
illicit trade. Taxes must be raised, and consequently any per-
son who by smuggling evades paying his individual share, com-
mits a fraud on the rest of the community by binding on others

the obligation of his own debts. My sole wish is that naval

science may not be injured by legal enactments. On the same

principle that laws are made for building and fitting of vessels,

why should not others pass, restricting residents on the coast

suspected of contraband addictions to the services of none but
lame horses

;
whereas all such as are fleet shall be devoted to the

use of those engaged in the collection of the revenue.

1 remain. Gentlemen, your obliged
Mark Beaufoy.

Article II.

Explanation of the Theory of the Barometrical Measurement of
Heights, By Mr. Nixon.

{Concluded from p. 96.)

Calculation hy Logarithms.

We have seen that when the differences of the pressures sus-

tained at the summit and base of the strata of an atmosphere of

dry air are the same, the weights of those strata will be equal,
and their heights, granting them to be so thin as to be sensibly
of uniform density, will be reciprocally as the pressures they

support ; consequently as the difference of the logarithm of any

given number and that of another, greater by an indefinitely
small quantity, compared to the logarithmic difference of any
other given number, and one greater by the same difference will
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be reciprocally as the two given numbers,* it is evident that the

natural numbers of a table of common logarithms vi^ill represent
the pressures jjor heights of th^ barometer, and the difference of

their corresponding logarithms, the difference of level, or altitude

of the strata (or stations), possibly in feet, but at all events in

some constant ratio of the scale of the barometer.

We have demonstrated that when the pressures, as we ascend
a series of stations, are observed to diminish in geometrical

progression, the difference of level of the stations will be equal ;

and we shall find that if we affix to a series of numbers in

geometrical progression their corresponding logarithms, then
will the differences of the latter continue equal ;

thus confirming*
the propriety of substituting logarithms in our calculations, for

the more tedious and less accurate method made use of in the

first instance.

Example,
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n

dividing the product by 480, add or subtract the quotient accord-

ing as the mean temperature is above or below 32°.

In order to introduce the correction for the diminished speci-

fic gravity of the quicksilver in the vertical line, we must

augment the constant coefficient g^, or to 60246, and call the

dilatation of air ^^ per degree.

The indices of the logarithmic differences being sometimes

negative as well as affirmative, it will be advisable to disregard

them altogether, considering the tabular logarithms of the pres-

sures as decimals.

Construction of the Barometer,

Tiie syphon barometer consists ofa glass tube bent in the form

of an inverted syphon, filled with very pure mer-

cury freed from air by carefully boiling it when
in the tube.* Each branch being furnished with

a scale ofinches having their zeros coinciding in

level, the difference of the observed heights of

the summits of the (perpendicular) mercurial ^
columns will be equal to the height of the baro-

meter or pressure of the atmosphere. In order

to dispense with the shorter scale, the index of

the longer branch is so constructed as to slide

down to the level of, and extend horizontally to

the summit of the mercury in the other branch.

In some barometers the zero of the scale is placed

anywhere above the shorter leg as at «, and the

inches are numbered upwards and downwards
so that the su7n of the two measurements, instead of their differ-

ence, exhibits the pressure. An augmentation in the pressure
of the atmosphere having taken place, a depression of the mer-

cury in the snorter branch, and an equal elevation in the longer

one, of half the quantity of the variation restore the equilibrium
of pressure. To obviate the trouble of measuring the difference

of level of the two columns, the shorter one only has been pro-
vided with a scale, having the half inches numbered as whole

inches
;
—a method which renders it impossible to make a proper

correction for the variation of temperature of the mercury. (We
might inquire why the syphon itself, being laterally confined

within cylindrical rings, might not be raised or depressed by
means of a screw fixed below y, so that the summit of the

shorter column might always comcide in level with the zero of

the scale fixed at a; .
-

The following methods have been resorted to with a view to

render the instrument portable. 1. The two branches, being

* It has been proposed as an improvement to dll the tnbe in a vacunm.
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connected by means of a little apparatus furnished with a cock,
the whole of the mercury may be confined within the longer
branch. 2. The two branches being fixed within a leathern bag*

containing mercury, a stopper is inserted in the shorter branch,*

and the mercury forced to the summit of the interior of both

branches by means of a screw pressing against the bag. The
screw serves further to bring the shorter column of mercury;
under every variety of pressure, to the zero of the scale. 3. The

syphon being filled with mercury in the usual manner, the

shorter branch is hermetically closed, and a capillary opening
made a little above z to admit the atmospheric air, but too small

to permit the mercury to escape. To break the force of the

shocks to which the instrument may be exposed, the longer
tube is bent out of a straight line, or both branches are con-

tracted in bore somewhere near the summit.
If we fill a number of strait glass tubes of different interior

diameters with mercury, and immerse them (inverted) in a basin

of the same fluid placed in a vacuum, it will be observed that

the mercury within the tubes will descend below the level of the

fluid in the basin ; the depression being most considerable within

the tube having the smallest bore. The atmospheric air being
admitted to press on the mercury in the basin, it will be found

that the heights of the mercurial columns (exhibiting the pres^

sures) will fall short of the elevation of the column within an

extremely wide tube, and that the discrepancies will be equal to

the depressions below the surface observed before the admission

of the air. Hence it is clear that when the interior of the

syphon barometer is not of the same diameter in both branches

within the range of the summits of the mercurial columns, a

correction for capillarity (otherwise unnecessary) will be

required : the height of the mercury
within the narrower tube must be

augmented by the difference of the

corrections proper for the respective
tubes.

It has been objected to the syphon
barometer that the adhesion of the

mercury taking place through the

length of two tubes as well as in the

part connecting them, the settling op-^^^m^:*

the fluid v;ill be more uncertain that! '^f^^
'''•.

in the single tube of the cistern bar6^ t^l^rt

meter; and that two measurements-' ''

are more liable to error in noting the -

pressure than when one only is re-

quired.
' ' ^^

:'OV07- !f'V.M^ ^v-r tj if

The cistern barometer consists in'

its simplest form of a strait tube A

3

:!N 36

U

0=
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hermetically closed at one end, filled with mercury,* and having
the other immersed in a cylindrical ivory or w^ooden cistern B,
containing a sufficient quantity of the same fluid. The tube and
cistern are connected by the cover C, having a small aperture
for the admission of air.

To render the instrument portable, the cover is constructed
without the aperture, but can be opened for the ingress of the

air, or closed to prevent the escajie of the mercury by means of
an ivoiy screw. To counteract the oscillations of the mercury
within the tube, the central part of the bottom of the cistern is

formed of leather having a screw fixed beneath it capable of

forcing the mercury to the summit of the tube.

At whatever height of the mercury within the cistern the
artist may have adjusted the scale of inches so that its zero shall

coincide in level with the surface of the fluid, it is obvious, that

as the pressure increases (or diminishes), the mercury will sub-

side below (or rise above) the level of zero. This constant

Bource of error is remedied in the barometer of Ramsden by rais-

ing or depressing the leathern bag sustaining the mercury until

the mark made on a piece of ivory floating in the cistern coin-

cides in level with some fixed point equally elevated with the

mark above the zero of the scale. The adjustment of the float

to the gauge being considered as difficult, a superior plan has

been adopted by Troughton, consisting in having the vertical

sides of the cistern formed of glass cased in brass. Near the

top ofthe case is a horizontal sht, and another exactly opposite,
both having their upper edges accurately of the height of the

zero of the scale. The adjustment is eflected by turning the

screw of the leathern bag until the surface of the mercury seen

through the horizontal slits just excludes the transmitted light.
Barometers of this description are extremely cumbrous

difficult. in ordinary hands to adjust, and objectionable on

account of the mercury being exposed during an observation to

humidity, &c. They have in consequence been superseded for

general use by the one invented by Sir H. Englefield. Its pecu-
liarities consist in the cover of the cistern being permanently
closed, the air forcing its way through the pores of the wood

;

and that instead of an adjustment to bring the surface of the

mercury constantly to the level of zero, the computer increases

or diminishes the observed heights of the columns, according as

they exceed or fall short of the height at which the scale was

adjusted (termed the neutral point) by a quantity found by divid-

ing those diflerences by the ratio of the area of the mercury
within the tube to its area within such part of the cistern as

• When the barometer, filled with -mercury at ordinary pressures, is carried to the

summit of a lofty mountain, a third, or even one-half of the mercury within the tube

may subside, and mixing with that in the cistern will render the boiling of it within the

lub« of very limited utility.
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surrounds that tube. This ratio is termed (for brevity) the

capacity.
If we suppose the zero (see last figure) of the scale of an

Englefield barometer placed in a vacuum to coincide with the

surface of the mercury x within the tube, depressed from capil-

larity some little below its level / in the cistern, it is evident that

the height of the mercurial column on the admission of the

atmospheric air will always be observed in defect, and in one

constant ratio. Admitting the bore of the tube to be uniform,
it is unnecessary to be acquainted with this ratio (equal to that

of the capacity); we have merely to suppose the mercury
increased in density in some unknown degree^ and the calcula-

tions will give at once the true altitude without the previous
troublesome corrections for capacity (and capillarity).

Example,
Correct pressures.

30-600in Log. -4857214
-^. 20-400 -3096302

Differences -1760912 -

Observed pressures (capacity j'o),

30-000 in... Log. -4771213

20-000 -3010300

Differences -1760913

When a variation of temperature occurs, the heights of the

columns augment and diminish, not only without interfering
with the level of the cistern, but the height of the mercury
therein is itself subjected to a simultaneous elevation and

depression in proportion to its varying depth.* Setting aside

this latter cause of error, as being too trivial to be regarded, it

must, however, be admitted that the reduction of the columns
for temperature should be made on their observed heights aug-
mented in the ratio of the capacity, or that the expansion per

degree (tt^^ should be proportionally increased. The capa-

city being rarely greater than one-fortieth, the error in a differ-

ence of 16 degrees of the attached thermometers will be no more
than one foot.

The adjustment in a vacuum being scarcely practicable, let

the artist measure the height of the column of mercury (as

usual) from the level of the cistern, and subtract the correction

for capacity minus that for capillarity. The scale being after-

*
Admitting tlie tube and cistern to preserve their diameters unaffected by tempera-

ture.
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wards so affixed as to exhibit the heitrht of the column at the

reduced, in lieu of the measured quantity, the calculations may
be made as before without introducing any correction whatever
for capacity or capillarity.

Calculation »

Measured height above the level of the mercury .... 30*000 in.

Correction for capacity l^j *600

Capillarity -100

-500

Height to be indicated by the scale. 29*600

The correction for capacity is in the ratio of the square of the

interior diameter of the tube to the square of the diameter of

the cistern rninus that of the exterior diameter of the tube.^ As
an incorrect estimate of the capacity will influence the adjust-
ment of the scale in the ratio of the height of the column, the

artist should make the measurement at as low a pressure as

practicable.
The Englefield barometers as at present constructed have

their neutral points marked at or about 30 inches, so that the

computer has frequently to make the correction for the lower

barometer additive, and the one for the instrument at the upper
station subtractive. These corrections may indeed be shunned

by increasing the calculated altitude in the ratio of the capacity,t
but the method is only an indifferent approximation, capable of

introducing an error (in defect, when the mean of the two

pressures falls below the neutral point) equal to the 100th part
of the altitude.

When the absolute pressure is required, it may be readily
found with the zero adjusted as proposed by increasing the

observed pressures in the ratio of capacity, and then correcting
them for temperature. To adjust the zero of a scale already
attached to the barometer, raise the scale, or lower the cistern

with the connected tube by a quantity equal to the height of

the neutral point divided by the fraction indicating the capacity
minus the correction for capillarity .J

• When the tube and cLstem are not formed of materials expanding alike from

change of temperature, the ratio of capillarity will be (slightly) variable.

-}•
To reduce the errors of this approximative method, the neutral point should be

equal to the mean of the pressures likely to occur in general barometrical observations,

for instance, 26 or 27 inches.

J Were we to immerse in the cistern of a stalionari) barometer a vcrti<!al rod of glass

of the same diameter as the mercurial colunm within the tube, and so connected with

the index as to move with it in a vertical line; but in an opposite direction, an exact

compensation would be effected for the drainage and filling of the cistern at pressures

difiering from the neutral poinu Should the length, equal to tlie range of the pressure,
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Mr. Newman has remarked that when the cover of the cistern

of the Englefield barometer is sufficiently porous to admit the

air with freedom, the pressure of the screw forcing the mercury
to the summit of the tube cannot fail to expel some portion of

the fluid through the cover, thus disturbing the adjustment of

the zero
;
and that on the other hand a cover made sufficiently

strong to prevent the escape of the mercury will so obstruct the

free admission of the air that a very considerable time must

elapse before the barometer exhibits the correct pressure of the

atmosphere. To remedy these evils, Mr. Newman constructs

the cistern of cast-iron having a cover of very porous wood^
The instrument being sufficiently inclined, the mercury ascends

to the summit of the tube, and is retained therein by a screw

capped with leather, which, passing upwards through the bot-

tom of the cistern, presses against the orifice of the tube. Pro-

vided this novel method of rendering the instrument portable
shall be proved to preserve the column of mercury free from the

admixture of atmospheric air, there can be no doubt that the'

iron cistern will be found preferable to one of wood and leather^

varying in tension, &c. with the hygrometric state of the atmo-

sphere.
General Observations. li?

Two barometers filled with mercury of the same specific grfc

vity, placed near each other with their cisterns on the same

level, will have their columns (corrected for capillarity, capacity,
and inequality of temperature) observed at the same height
under every variety of pressure : otherwise, the corrected

heights will be inversely as the specific gravities. Hence if two
barometers compared at the base of a mountain stand at 30 in.

and 30*2 in. respectively, w^e must increase the pressures exhi-

bited at the upper station by the instrument having the denser

mercury in the ratio of 30 to 30*2
;
in lieu of adding to it, as is

more generally the case, the discrepancy observed at the base.

It will be in vain to attempt the determination of the difference

of level of places distant from each other, by means of the sta-

tionary barometer, unless the mercury is known to be of the
same specific gravity in all the instruments.

If we incline a barometer out of a vertical line the difference

of level of the cistern and summit of the column will remain

nnaltered, yet as the scale laterally attached to the tube is

equally incUned with it, we measure the height of the column
in excess in the ratio of radius to the secant of the angle of incli-

nation. Nevertheless if the barometers at the two stations

require a cistern of an inconvenient depth, the red might be double or treble the area
of (a horizontal section of) the bore of the tube, but made to describe a vertical space,
inferior in die same ratio to the one passed over by the index ; easily effected by a pro-
per arrangement of the teeth of a wheel attached to the glass rod and the endless screw of
the index. _,,.»... .^-^ ih->
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deviate from the perpendicular by the sa/we angular quantity, the

calculations may be correctly made on the supposition of the
mercurial columns having been truly vertical. It is merely to

imagine the mercury specifically too light in the ratio of the

secant of the angle of inclination to radius. Should the degree
of obliquity be considerable, the friction will be materially
increased, and the mercury will not settle so correctly as in a
vertical tube.

To verify the adjustment of zero to the level of the cistern,
note the pressures (when very low) , with the instrument first in

a vertical, and afterwards in an inclined position. Then if the

pressure when inclined does not exceed the other in the ratio of
radius to secant of the angle of inclination, the zero dips within
the mercury, and the heights will be observed in excess. Or
we may find the correct pressure, and consequently the error of

adjustment, by measuring the height of the longer column of a
wheel barometer (freed of its pulleys) above a horizontal line

drawn from the summit of the shorter column. The mercury
in the two instruments must, however, be of the same specific

gravity.*
Errors.—When the pressure is incorrectly measured at one of

the stations, which may arise from an inequality in the divisions

of the scale
;
from parallax in reading off the vernier

;
from

want of horizontal parallelism in the movement of the index ;

from the barometers differing in inclination
;
from the varying

adhesion of the mercury to the sides of the tubes ; or from the

inexpertness of the observer in adjusting the notch, &c. of the

vernier in a tangent to the convex summit of the mercury,
—the

value of the error when equal to "001 in. will be generally rather

more than one foot of altitude ; or more correctly to

0-785 foot, the teaiperature being 0° F.

|
p^^^^^^^ 3j .^^^

1 ,747
•

Q9 ^
i Aqo Q f

Pressure 15 inches.

When the zero of the scale is improperly placed, or the

allowance for capillarity is incorrect, so that the pressures are

always observed in excess or defect by some constant quantity,
the calculated altitude will be to the true elevation inverseh/ as

the half sum of the observed pressures is to that half sum aug-
mented or diminished as the pressures are in defect or excess by
the constant error. The subjoined scale exhibits the value in

feet of the error at different pressures, the altitude being 1000

feet.

An Englefield barometer in my possession (remarkable for the constancy with

which its mercurial columns would settle to the same height on being disturbed, and

there is a most material difterence in the instruments in this respect) had its zero placed
too high by nearly half an inch.
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Constant error. 'lin. 'Sin. 'Sin. •4 in. 'Sin.

30in. .. 3ft. .. 7 .. 10 .. 13 .. 17

^ ins .. 6 .. 13 ..20 .. 26 .. 33feet.

25 ..4 .. 8 .. 12 .. 16 .. 20
20 ..5 .. 10 .. 15 .. 20 .. 25

The corrections are additive or subtractive according as the

pressures are observed in excess or defect.* '

An error of 1° F. in the difference of the indications of the

attached thermometers will render the calculated altitude incor-

rect by a quantity varying with the temperature of the air from
2*2 to 2*7 feet. To obtain the correct mean temperature of the

mercurial columns without considerable loss of time is one of

the greatest difficulties the observer has to encounter. In the

barometers of Newman, the cistern is furnished with a thermo-

meter having its bulb (of a tapering form) immersed in the

mercury.
An erroneous estimate of the mean temperature of the air

amounting to 1° will vary in value from one foot in 500 at 32° F..

to one in 480 at 90° F. Errors will occur when the arrange-
ment of the strata of the atmosphere of different temperatures
is such that the half sura of the thermometers does not represent
their correct mean temperature ;

or when one or both thermo-
meters have been placed with so little discretion as to give the

temperature of some small portion of air affected by local heat,
in lieu of the general temperature of the surrounding air. Errors

may also be introduced when the lixed points of the thermome-
ter are placed too high or too low ; when the calibre of the tube

is unequal, and not allowed for in the graduation of the scale,
or when the height of the mercurial column has been noted as

affected by parallax.
An inaccuracy of 1° in observing the dew point cannot possi-

bly give rise to an error of more than one foot in 2000. Most
of the other sources of error in estimating the mean hygrometric
state of the air will be similar to those occurring in ascertaining
the mean temperature. Whatever the possible state of the

atmosphere as to humidity, provided we add to the mean of the

detached thermometers, half the correction for saturated air

under the pressure of 30 inches, the error in altitude will not
exceed -rroth, but more generally it must fall short of half that

quantity.
Were we in possession of a sufficient number of barometrical

observations made at the foot and summit of isolated mountains,

carefully levelled, together with the true mean temperatures and
dew points of the intercepted strata of the atmosphere, we could

'* This is only an approximation ; for the half sum of the pressures we should sub-
stitute tile mean-density pressures.
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easily determine by calculation the coefficients for dry air at

different degrees of the thermometer. Subjoined are the coeffi-

cients for air in a mean state of saturation as deduced from the

barometrical observations of Shuckburgh, Ray, and Rumond.

Ramond. Shuckburgh and Ray.

Air 32° Coefficient 60345 60000
52 63027 62922
60 64100 64091
72 65709 65844

I have the honour to be, Gentlemen,
Your most obedient humble servant,

Leedsy May }0, \8i5. J. NiXON.

Explanation of the Tables,

Table I.—The degrees affixed to the dew-points being the

equations for saturated air under a pressure of 25 inches multi-

plied by 25, the equations for the dew-points at the two stations

are found by dividing the degrees given in the table by the

observed pressures in inches, and adding the sum of the two

equations to that of the detached thermometers, which call the

corrected sum of the thermometers.

Example,
Pressure. Air. Dew-point.

Upper Station. 27-5 in. .. 82*2 ..70. Eq.=:152-H27-5= 5-5

Lower ditto.. 29'8 .. 84-0 .. 70 152-5-29-8= 5-1

Sum of thermometers . . , , 166*2 Sum 10*6

Equation for moisture .... 10*6

Corrected sum of therms. . 176*8

Table VI.—When the observations have been made without

hygrometer, the equations given in this table must be added to

the sum of the detached thermometers.

Example.

(Chimborazo) Upper station 29*1°

(Pacific Ocean) Lower station 77*5

Sum of thermometers 106*6

Equation , 2*9

Corrected sum of thermometers lOQJ

The tabulated equations (calculated for halfsaturated air) may
be modified according to the estimated degree of saturation.



1825.] Barometrical Measurement of Heights, I7£i^

Table V contains the logarithms (exclusive of the index 4)

of the coefficients for dry air at different degrees and quarters
of a degree of the sum of the detached thermometers, including
an exact correction for the diminished specific gravity of the

mercury in the vertical line.

Jlule.— 1. Affix to the observed heights of the barometers at

the two stations the corresponding tabular logarithms (rejecting

indices), which consider as natural numbers, and make the first

four figures to the left hand whole numbers, and the remainder

decimals. 2. Find the difference of these two numbers, gene-

rally termed the logarithmic difference. 3. Take out the loga-
rithm of that difference (still avoiding indices), and prefix to it

with an intervening decimal point, the number expressive of the

quantity of whole numbers contained in the logarithmic differ-

ence. 4. Add to this logarithm and index of whole numbers
the logarithm of the coefficient for the corrected sum of the

thermometers precisely as given in the table. 4. Find the natu-

ral number of the product, exclusive of the index, which will be
the altitude in feet, consisting of the quantity of whole numbers
denoted by the index in the product.

rrra arii :, Example,

PacificOcean 29-8781in. Log. 4763-53

Chimborazo 14-8296 ,,
1711-30

Log. of 3042-23 (prefix. 4)= 4-483 192

Log. coefficient of tl^e cor, sum oftherms. . . 109-5 0*799899 \
217/

Log. 5-283308

Natural number of 283308 (the whole numbers

being five) 19200-0
Correction for the diminished specific gravity of " jK

the air, sufficiently explained in the Table (IV)+ 1 7*7^
*

Correction for latitude 2°, Table III. + 54-4

Altitude of Chimborazo , 19272- 1 feet.

The calculation is effected with the pressures reduced to

32° F. The observations were, -,x _, j,
Pacific Ocean 30-0005 in. (77-5)^ Log.4771-29

' '

Chimborazo. . 14-8536 (50-0) 1718-32

Diff. of attached therms. 27-5 3052-97 Log. =4-484723

Log. of coefficient 0-800116

5-284839

* Theiadications of the interior thermometew represented by the ( ).
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Corresponding natural number 19268*1
Correction for 27-5 x 2-45 feet (Table II) 67-4

.mioqwriC
- > li9200»7^eet.

scarcely differing three-fourths of a foot from the preceding
rigid method of calculation. Had the thermometers J)een gra-
duated as proposed, we should have had <n' n .

v.-.

ui'acitic Ucean i . I .#«. . 1«9'0 '':

-Chimborazo t^. 1.<K* * 122-6 <- •

Correction subtractve . .
!!^

.
[ .{^ .

.; t^'d f^t.

df<5f?^9 4^^? c^^mple^^r^ subjoine4^4. Sd i.'. l^ 1 ^
:^2 .-,,00 o«[ . , a ; iVo I "^

I
^-'^ •- ^^ > ^^

Air. Dew-pt. Pressures.

Fort Thornton* .. (84°) 84-0 70 29-795 in*- Ltfe*-4,74l-43

Sugar-loaf hill .... (82.2) 82*2 70 27-527 -nu^^rq b43^7-59

Diff. ofatt. therms. 1-8| 166-2 3-536356= Log. of 343-84

Equa. for moisture
'

10:6; 0-828295 Coeff. of 17i34.

Cor. sum of therms. . 176|. 4-364651 Log. of 2315-5
Correction for attached thermometers —4-7

J^'^
•• 2310-8

- -Correction for latitude 8° +6-3

2317-1
Fort Thornton above the sea + 191-5

Altitude of Sugar-loaf hill 2508-6 ft.

No. IL P
Pressures.

Malham Tarn (60) 60 29-223 in. Log. 4657-25
Great-close hillf {55} 55 28-903 4609-43

Diff. of att. therms.. • 5 115 2-679610 Log. of 47-82

Equation for moisture 3^ 0-803878 CoefF. of 118-;

1184- 3-483488 Log. of , 304-4 ,

Correction for attached thermometers i2*5"l ; ;
;

-.V^.j,

Correction for latitude 54 ........ •;» Q*3J h<\
}

'

M>j
291-(•6

-i^'fh Trigonometrical altitude of Great-close hil^ilfiI1525S8V^-

;.'^';'^'iAlteu^e
of Malham Tarn above the

Iri§U,^^'^^.il§337/1.
• Observations in Sierra I/eone, by Capt. Sabine. .)1 CiiOil ^^

i* Acotdad bill of Gord^lc limettone one-third mile to the north-east of tilb Tani.
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Table I.^— Correctionfor Moisture.
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selves into two classes, viz. acids with a simple, and acids with a

compound radical.
^

To the j^'rs^
of these classes belong : 1. Sulphuretted hydrogen

gas; 2. Seleniuretted hydrogen gas ; 3. Telluretted hydrogen gas;
4. Hydrochloric acid; and 5. Hydriodic acid; chlorine and iodine

being regarded as simple substances. My principal arguments

against the new theory of the constitution of muriatic acidvv^ere

founded upon the little analogy which subsisted between it and
its combinations, and the hydracids and their salts, in so far as

the latter were known at the time of its first promulgation. The

subsequent discovery, however, of many hydracids, and in par-
ticular of those with a compound radical, has developed the

analogy between muriatic acid and the hydracids so completely,
that these objections can no longer be considered as valid.

To the latter class ; namely, hydracids with a compound radi-

cal, belong: 1. Prwmc «nc? (cyanuretted hydrogen) ;
2. Sulpho-

prussic acid (sulphuretted cyanogen combined with hydrogen) ;

3. Ferroprussic acid (a combination of cyanuretted iron with

cyanuretted hydrogen); and to these may be added, 4. Another

compound not so accurately known, whose constituents,

although differently proportioned, are also cyanogen and

sulphur.

Sulphoprussic acid may be obtained by mixing a solution of

sulphocyanuret of potassium in a minimum of water with con-
centrated phosphoric acid, and distilling in a retort with a gen-
tle heat. The hydracid is volatihzed, and condenses in the

receiver. The potassium in this experiment, in order to com-
bine with the phosphoric acid, oxidizes itself at the expence of

water, and the hydrogen thus set at liberty unites at the same
instant with the sulphuretted cyanogen.

Sulphoprussic acid is so constituted, that its elements, if

reduced to the gaseous state, would all occupy the same volume ;

or it is composed by weight of hydrogen 1*68, azote 23-85, car-

bon 20'30, and sulphur 54*17. Its saturating capacity, as is the

case with all hydracids, is such, that it combines with a quantity
of a base whose oxygen is exactly sufficient to convert its hydro-
gen into water.

The radical of this acid, salphiiretted cyanogen, has not
hitherto been isolated, and is known only in the compounds
which it forms with hydrogen or with metals. When we attempt
to obtain it by distilling a sulphuretted metallic cyanuret, it

always undergoes decomposition : a metallic sulphuret contain-

ing a minimum of sulphur remains, and sulphuret of carbon,

cyinogen, and azote are disengaged.
But cyanogen combines also with a double proportion of sul-

phur, and forms a bisulphuret, which in union with hydrogen
affords a hydracid, differing in composition from the foregoing,
and capable, like it, of combining with metals. This new acid



182 Af. Bej'zelius on Hydracids, [Sept.

was discovered by Wbhler. He found that wh^n sulphuretted

cyanuret of mercury is gently ignited in a glass vessel filled with

muriatic acid gas, or with sulphuretted hydrogen gas, there is depo-
sited upon the colder sides of the vessel a quantity of anhydrous
3ulphuretted prussic acid in the state of colourless transparent

drops, which, after a few seconds, become solid, and form

transparent, stellular, aggregated groupes of crystals. These

crystals rapidly undergo decomposition, cyanogen is disengaged,
and a pomegranate yellow,- opaque, uncrystalhne powder
remains. This powder is insoluble in water, and is in every

respect identical with the precipitate which is obtained when

liquid sulphoprussic acid is boiled in contact with the atmo*-

spnere. It
appeai-s

to be composed of prussic acid, combined
with twice tlie proportion of sulphur which exists in sulphc^

prussic acid. That it is a hydracid, and not ati anhydrous
combination of sulphur and cyanogen, is proved by the circunxr

stance that when we heat it with potassium, a combination,

accompanied by ignition, ensues between the two substances,

hydrogen gas is evolved, and the compound which remains

consists of a mixture of the sulphuret and sulphocyanuret o^

potassium. »,j

Combinations of Hydracids with Saline Bases,

A full exposition of the nature of the compounds ofhydracids
with saline bases constitutes a most essential part of the theory
of these acids, because it furnishes the only means by which all

the apparent inconsistencies can be reconciled. In attempting
this explanation, two different views present themselves : either

the hydracid unites without decomposition with the oxidated

base, or its hydrogen decomposes the base, while the radicals

of both the acid and base enter into combination. Of these

views I consider the latter to deserve the preference ;
for if a

solution of a salt obtained by saturating a hydracid v^^ith an

oxide be evaporated, it very frequently happens that there crys-
tallizes a reduced compound of the radicals of the acid and base,

wholly destitute both of hydrogen and oxygen; and when such

crystals contain water, that is, in the circumstances in which

they may be regarded as compounds of an oxidated base with

a hydracid, they frequently lose it in vacuo or in a dry atmo-

sphere, and effloresce exactly like substances which lose merely
water of crystallization. But these compounds of the radicals

of hydracids with the radicals of bases resemble so intimately
the salts which are formed by oxygen acids and oxides, that they
coincide with them in all their physical properties, as taste,

appearance, solubility in water, and in other liquids, and it

would be difficult, *vithout offering extreme violence to natural

arrangement, to class them among any other substances except
the salts. Gay-Lussac ascertained, for example, that if oxide
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of mercury be placed in contact with prussic acid gas, the latter

is absorbed and water disengaged, while the product is cyanuret
qf mercury. TJiis water proceeds from the hydrogen of the

prussic acid and the oxygen of the oxide of mercury, neither of
'
which enter into the new pombination ; but this compound, for^

merJy called prussiate of oxide of mercury, possesses so plose a
resemblance to the salts of that oxide, in appearance, taste, and
all its other properties, that the most positive evidence to the

contrary would be requisite in order to convince one that it is

not a salt of the oxide of mercury, I have myself ascertained,
that if the ferroprussiate of potash, that is, a combination of

prussic acid with potash and oxidule of iron, be crystallized,
there results a compound, containing precisely the quantity of

oxygen and hydrogen which would be necessary to convert it

into a double salt of prussic acid with oxidated bases ; but that

these crystals lose the whole of their water like an efflorescent

salt, either when confined in vacuo in the ordinary temperature
of the atmosphere, or when exposed to dry air in a temperature
between 77° and 86°

; and it is certainly a far simpler view of
the phaenomena to re2;ard this water as existing in the state of
mere water of crystaUization, than to assume that efflorescence,
which can result only from the expansive force of water already
formed, should have occasioned the mutual decomposition of
the base and acid. Besides, we have never been able to disco^

ver any other difference between the compounds which are

regarded as salts of hydracids, and those which indisputably
contain no other ingredient except the radicals of the acids and

bases, than that which subsists between salts with and without
water of crystallization.
We adopt, therefore, in preference, the theory that salts con^

tainirig a liydracid do not exist, but that when a hydracid is

brought into contact with an oxidated base, the hydrogen of the
acid combines with the oxygen of the base and forms water,
while, at the same instant, the radicals of both unite mutually
in their reduced condition, and the product is a substance which
resembles so closely the salts of the oxidated radical of the base,
that it cannot be distinguished from them in any of its physical
characters. Hence, when sulphoprussic acid, which, although
wholly destitute of oxygen, possesses a strong and pure acidity,
is mixed with carbonate of potash, and when carbonic acid is

thereby expelled with the same degree of effervescence which
would be occasioned by the addition of an oxygen acid,, the

potash is decomposed by the hydrogen of the acid, and a com-
bination ensues between sulphuretted cyanogen and potassium.
If the mixture was sufficiently concentrated, it crystallizes, and
the crystals contain neither hydrogen nor oxygen, but only
potassium, sulphur, carbon, and azote ; nevertheless they resem-
ble a sahne cQmpo^uftd^ particiil9,rly nitre, so perfectly;tth^at they
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migLt be readily mistaken for crystals of that salt. In the^ieiilr?

theory respecting the constitution of muriatic acid, the $aoMi

decompositions take place when potash or soda is saturated witht

muriatic acid, and all the phenomena may be- cOiifiis^entl^

explained on the supposition that chlorine is a simple bodyi^or
sod^as we cease to maintain the existence of hydrocblorated
salts, tmd admit that what we have hitherto stylei muriaAes are
combinations of chloriile with the radicals of bases. For the

jiature of hydracids in general presupjK>ses that these combina^
tions linust in every respect resemble salts. Hf^ym ru- to

l.:>.^ocj

The abid properties of a hydracid consisti^therefofre^in' its

decomposing bases, and not in satutntingi iftiem ; henoe it follows

that the property of acidity neither belongs to the substance

itself, nor results from the nature of its constitution, but merely
indicates a condition opposed to the property of alkalinity. lit

the case of hydracids, therefore, it depends at the same instant

on the strong affinity which subsists between hydrogen and

oxygen, and between the radicals of the acid and the base: and
this is the reason why the radical of a hydracid possesses few or

none of the characters of an acid substance, because it is unable,
unless aided by hydrogen, to deoxidate or decompose the alka-

line bases.

This reciprocal alteration in the elementary constitution of

the acid and base, takes place even in the combinations of

ammonia with hydracids. Here, the ammonia is converted into

ammonium, by seizing upon the fourth atom of hydrogen which
forms one of the constituents of the acid, and this ammonium

subsequently enters into combination with the radical of the

hydracid. For example, when muriatic acid gas is combined
with ammonia, yielding the compound which, according to the

old theory, was regarded as muriate of ammonia containing
water of crystallization, the acid undergoes decomposition, the

ammonia combines with its hydrogen, and is thereby converted

into ammonium, and the latter, remaining in union with the

chlorine of the muriatic acid, forms with it chloride of ammo-
nium. When ammoniacal gas is mixed with chlorine, a portion
of it is decomposed, the azote is disengaged, and the hydrogeiij

combining with another portion of the ammonia, forms with' it

ammonium, which now unites with the chlorine. Sal ammouiac

is, therefore, a chloride of ammonium just as common sraltiiflja

chloride of sodium. iicm-

'.(The resemblance between the compounds properfy denomi^

nated salts, and those formed by the radicals of hydracids aiid

oflba^s is so complete, that (as I have already observedi), it is

iay(>089ible,
without offering violence to their external qharactari',

ton fegOTd them as belonging to dissimilar classes of bodiesi.

Nevertheless, in a theoretical of
point view, there is awide differ-

ence between the compounds of oxidated acids and bases, and
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the8egd& clunbiistible bodies without oxj^gen ; and it may, per-^

baps^ bd^ argued from this, that our present theory suppose*

aitafi^iemeBta which have no existence in reality. Dulong has

attmnpted to reconcile this inconsistency by regarding all acids

whii^h contain water as hydracids. He joins the oxygen of the^

water to the acid, and forms with the radical of the acid audits

oxygen a compound radical, which, in union witli the hydrogen
ofitte water, constitutes the hydracid. Thus he regards hydroxis

sulphuric acid as a compound of hydrogen with a radical cora-;-

posed of an atom of sulphur and four atoms of oxygen ;
that is,

containing one-third more of oxygen than is considered to exist

in sulphuric acid. When this acid combines with a metaly

potassium for example, hydrogen only is disengaged, and the

potassium combines with the compound radical of the hydracid.
The sulphate of potash thus formed ought to be regarded as a

compound, not of sulphuric acid and potash, but of potassiorti:
and the radical of the hydracid (that is, sulphur with the whole

quantity of oxygen, constituting a single integrant particle).
When this hydracid is placed in contact with potash, the alkali

is reduced by the hydrogen of the acid, water is formed, and the

potassium unites with the compound radical of the acid. Again,
if this acid be mixed with ammonia, no trace of water is pro-

duced, but the hydrogen unites with the ammonia, and forms

ammonium, which now combines with the radical of the acid.

Now there does not exist a single neutral ammoniacal salt,

which does not contain this quantity of hydrogen; that is,

which, according to the commonly received theory, does not
contain a portion of chemically <iombined water, whose hydro-
gen corresponds with this quantity. This explanation of Du-

long's is unquestionably entitled to considerable praise ;
because

it re-estabhshes the harmony in the doctrine of salts which had
been disturbed by the new theory respecting the nature of

muriatic acid, and indeed to a still more general extent* by the

phenomena accompanying the combinations of hydracids.
The combination of hydracids with saline bases gives rise

both to acid and subsalts. The acid saUs are produced when
the sahne looking compounds of the radicals of the acid and
base combine with a new quantity of the hydracid, the result of
which union is a body possessed to a greater or less extent of
acid properties. Such are the ferruretted prussic acid, the

compounds styled hydrosulphuretted alkalies, and according to

tkeonew theory respecting the nature of muriatic acid, the acid
muriate of oxide of gold. Hitherto, however, we have become

acquainted with only a very limited number of these acid salts.

The compounds containing an excess of base are much less

unfrequent, and they are produced when the neutral compounds
of the radicals of the acid and base unite with a portion of the

oxide of the lattei: ; the result being a subsalt, coinciding in all
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its characters with the subsalts which the same oxidated basis

fprms with the oxygen acids. The acid salts may be regarded
as double combinations of the radical of the acid with two comr
bustible bodies, for example, ferroprussic acid is a double cya»
nuret of irou and hydrogen : the subsalts again may be regarded
as double combinations of the radical of the base with oxygep
and with the radical of the acid ; for example, the substance

styled subprussiate of mercury is a combination of cyanuret of

mercury with oxide of mercury. The existence of these subsajts

appears to me to furnish the strongest argument which, in the

present state of our knowledge, can be advanced in favour of

Pttlong's theory respecting the constitution of salts.

From what I have now stated it is obvious that none of the

compounds which have hitherto been styled prussiates, contain
either prussic acid or an oxidated basis, but that they consist

of cyanogen and the radical of the base : we call them, there*

fore, cyanurets, or sometimes metallic cyanurets {cyauurer eller

cyamnetaller). This view enables us to explain why a solution

of the cyanuret of potassium possesses such little permanency,
and why its taste participates simultaneously both of potash and
of prussic aqid. All substai^ces which have any tendency to

combine with potash, as, for example, the carbonic acid of the

atmosphere, the constituents of saliva, &,c. determine the form-
ation of that alkali by oxidation at tlie expence of water, and

prussic acid is at the same instant disengaged.
Neither does there exist a class of salts corresponding with

the name of sulphoprussiates, because here also, as we have

already seen, the acid is decomposed by the bases, and com-

pounds are formed, which for the present may be styled sulpho*

cyanurets and cyauosulphurets, the latter appellation beuig
reserved exclusively for those compounds which contain cyano-
gen united to the larger proportion of sulphur.

Articlij IV.

^ptice ofa Meteoric Stone whichfell at 'Nanjemoy, in Maryland^
. North America, on Feb, 10, 1825. By Dr. Samuel D. Carver.

In a Letter to Professor Silliman.*

I TAKE the liberty of forwarding you a notice of a meteoric

stone which fell in this town on the morning of Thursday,
Feb. 10, 1825. The sky was rather hazy, and the wind south-

west. At about noon the people of the town and of the adjacent

country were alarmed by an explosion of some body in the air,

which was succeeded by a loud whizzing noise, like that of air

• From the American Journal of Science for June, 182i%
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rusliing through a small aperture, passing rapidly in the course

from north-west to south-east, nearly parallel with the river

Potomac^ Shortly after, a spot of ground on the plantation of

Capt. W. D. Harrison, surveyor of this port, was found to have

been recently broken, and on examination a rough stone of an

oblong shape, weighing sixteen pounds and seven ounces, was
found about eighteen inches under the surface. The stone,

when taken from the ground, about half an hour after it is sup-

posed to have fallen, was sensibly warm, and had a strong

sulphureous smell. It has a hard vitreous surface, and when
broken appears composed of an earthly or siliceous matrix, of a

light slate colour, containing numerous globules of various sizes,

very hard, and of a brown colour, together with small portions
of brownish yellow pyrites, which become dark coloured on

being reduced to powder. I have procured for you afragment'^
of the stone, weighing Jour pounds and ten ounces, which was
all I could obtain. Various notions were entertained by the

people in the neighbourhood on finding the stone. Some sup-

posed it propelled from a quarry eight or ten miles distant on the

opposite side of the river
;
while others thought it thrown by a

mortar from a packet lying at anchor in the river, and even pro-

posed manning boats to take vengeance on the captain and crew
of the vessel.

I have conversed with many persons living over an extent of

perhaps fifty miles square ;
some heard the explosion, while

others heard only the subsequent whizzing noise in the air. All

agree in stating that the noise appeared directly over their

heads. One gentleman, living about 25 miles from the place
where the stone fell, says, that it caused his whole plantation to

shake, which many supposed to be the effect of an earthquake.
I cannot learn that fire-ball or any light was seen in the heavens—all are confident that there was but one report, and no peculiar
smell in the air was noticed. I herewith transmit the statement
of Capt. Harrison, the gentleman on whose plantation the stone

fell.

Statement of W, D, Harrison, Esq.

On the 10th of Feb. 1825, between the hours of twelve and
one o'clock, as nearly as recollected, I heard an explosion, as I

supposed, of a cannon, but somewhat sharper. 1 immediately
advanced with a quick step about twenty paces, when my atten-

tion was arrested by a buzzing noise, resembling that of a hum-

ming bee, which increased to a much louder sound, something
like a spiqning-wheel, or a chimney on fire, and seemed directly
over my bead

;
and in a short time I heard something fall. The

* This specimen is not y£t received.—./:^w€r. Ed»
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time which elapsed from my first hearing the explosion, to the

falling, might have been fifteen seconds. 1 then went with some
of my servants to find where it had fallen, but did not at first

succeed (though, as I afterwards found, I had got as near as 30

yards to the spot) ; however, after a short interval, the place was
found by my cook, who had (in the presence of a respectable
white woman) dug down to it before I got there, and a stone
was discovered from 22 to 24 inches under the surface, and
which, after being washed, weighed sixteen pounds, and which
was no doubt the one which I had heard fall, as the mud was
thrown in different directions from 13 to 16 steps. The day was

perfectly clear, a little snow was then on the earth in some

places which had fallen the night previous. The stone when
taken up had a strong sulphureous smell

; and there were black
streaks in the clay which appeared marked by the descent of
the stone. . I have conversea with gentlemen in different direc-

tions, some of them from 18 to 20 miles distant, who heard the

noise (not the explosion). They inform me that it appeared
directly over their heads. There was no fire-ball seen by me or

others that I have heard. There was but one report, and but
one stone fell to my knowledge, and there was no peculiar smell

in the air. It fell on my plantation, within 250 yards of my
house, and within 100 of the habitation of the negroes.

I have given this statement to Dr. Carver, at his request, and
which is as full as I could give at this distant day, from havino*

thought but little of it since. Given this 28th day of April,
1825. W.D.Harrison,

Surveyor of the port of Nanjemoy, Maryland.

Article V.

Astronomical Observations, 1825.

By Col. Beaufoy, FRS.

Bushel/ Heath, near Stanmok\i^ .i;

Lftdtudt^^^io 37' 44-3'" North. Longitude West
ii^i^e

ll' 20-93".

Observed Transits of the IMoon and Moon-cuhninating Stars over the Middle Wire of

^,,,1 , . the Transit Instrument in Siderial Time. ,
= mo.t ni

1825. Stars. Transits.

July2fi.—eOphiu H** IT 21-10"

26.—ftOphiu 17 15 46-29

26.—e^Ophiu 17 20 49-8tt

26.—rfOphiu 17 33 01-77

26.—iMoon's First or West Limb, ... 1 7 47 29-56

26.—/." Sagitt 18 03 22-74

26.-^21 Sagitt 18 15 0108
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HlioJ ,nOi>-^^- ^^''Vr,i^M{i ^>-Vl VAlini-
* Transits,

^.^.^^j^ ^j^.^.

xv.— laDftagitt ...J, ,. 18 S7 30-92 ^
'k

tglft iB iO. t>7._131 Sagitt .:.^^.™^.:. I6 28 32-1^^^^** X"^ ^<^

aew60£lu 9xi|If^?? ^^«?*^(-i^^ it'«iihii-,'!r./''y^ J|
4Q,

|^-Qj(j oi„.abiiiv
-, , ; .

^ 27,.—31 Sagitt, ...,.>....'...J,.', f... J8 4,1 42*W> ii ;

^ldBi05q«9t ^-ST^.-Moon's Fi^korWest Likfe'l... I^ U 6\W V^ ^^^'^^

9fiOJ« B b.Ji 27.—oSagitt........:.i.... ;.'. 18 54- 16<4»nOW SJIflw

IVflfi

"

.aOJKhl ( > 27,— TT 8agitt . . ,^ » ,i^>^, . 4.i^ . ^i, it. . W # i ^^'^oa^lfa d£W

3BW hliCtt - '27.— 138 SagttttiH.llQS.l.^dwKk I»02»iJsJtfeob 0(1 8BW
*?»w*y«h A««' ?

28.— f' Sagit^,,^i^^;|.jijftHt4^Hc>«rK>Jlfj \i\i^0M^m ivnomXI

stkr»» ft. .- '^8.-l38Sagitt....,..., . , 19 20
35-23., v{t'>Whqb^mO??m iv 28.-176 Sagitt....\.?{\\^..r.??.':.. 19 26 lS-2^ ,X"^^"^^f

H6nw'{3fm:i 28 e» Sagitt ...V.^:.;' .:V;i... 19 30 46'39fd>^' ^9'5Bi<|

^!H .*^«v^ 28.—e'Sagitt , 19 32 S4-8ftl fttr/di^iifij,

m Amy^^h
28.-^Sagitt ,."?..\.....^.Y'.. ?..'.. 1^9 48 05-63^

•' ^Ah^Jim

rU^tthUi^'^ 28.—/S Capriciil<?.^^.Wj>i.U'i<l?.V«0 H \^m ^llOt? afiift

;^ 29.—;8 Capric. -!<^ iiM.ii.^; ^»i.!»4l, ^i* 20 U 14*8ainoF ,*inoit
... 29.— TT Capric. .,^^>^..^,^fj^....^.. 20 U 22-70 *..f,v ,...,..^>"

., 29.-^ Capric. :...;..............: 20 18 56-84'^^" 'Z^*^^''!*
*<'* liirr :-Wi • 29.—13 Capric .20 27 36-86''^* ''{"^Sllti?

^mi 'iJriiJi
^ 29.—T Capric 20 29 2S'\Q^Af.tVi{kU.

I^ffTX IKI } I

29.—Moon's First or West Limb. ... 20 34 29-33 ^,,y |g^ ^nt*
J^mphJll 29.-325 Capric 20 41 07-23 ,^"^
^V

'

29.—351 Aquarii. ;VnViiV^vi..^/. 20 43 35'50^^^* "^"^ ^''

j. 29.-8 Aquarii. . . ..Uiitfj/ul ^dX V. 20 50 21-73 sflJB ^HUOiJ
i 29.—»Aquarii...;..,(j.<,^.|j^:^^.,. 21 00 07-.55 :

, ,,

30.— 14 Aquarii...'^... .....21 06 58-24
'"^ 30.— 17 Aquarii ..v.\.r..'V{l?.;;".. 21 12 39-33 '^

A 30.— 19 Aquarii 21 15 52-9liU Uil^^U^tk\
30.—Moon's Second or East Limb .. 21 26 25-14 ^^-^^ |

*fertfiIV7SlV 30.-c» Capric...%1?:!;.V. 21 35 44-52
f ri: 30.—c^Capric 21 37 00-42 ^

30.—30Aquarii 21 54 08-28 ^

30.—2 Aquarii 22 01 30-46
31.—c» Capric 21 35 44-58

-' 31.—c^ Capric. 21 37 00-45

f 31.—345 Aquarii 21 49 07-32
31.—30 Aquarii 21 54 OS-12
31.—2 Aquarii 22 01 30-42
31.—SAquarii 22 07 40*00
31.—Moon's Second or East Limb. . . 22 13 52-63
31—166 Aquarii 22 28 45-67

,p 31.—183 Aquarii 22 31 4913
• ^'^ ^

'31.—219 Aquarii .22 38 52-96
^

%o "nilJ 'AhbiU. '. Occultation by the Moon. ; .i^ si ;.>a /!:*<•dC

Immersion of 4 Sagittarius 1 7 h Sf7' 59-6'' Siderial Time, -

e^Vt u; '( . ,..' nirfq<').V—.98

tr^^j; ....... 4}i8fi8 «*^>;-^.9S
'-'^

• :. J;fi:c:-i -
'
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Article VI.

On the Comparative Advantages of Oil and Coal Gas. By
Robert Christison, MD. FRSE. and Edward Turner, MD.
FRSE.*

The question of the relative advantages of oil and coal gas
resolves itself into two : the first regards their relative economy ;

the second their comparative utility.

1. Before we can determine their relative economy, it is requi-
site to settle their average quality. Taking their specific

gravity as the ground of comparison, we apprehend that, in

small towns, where the cannel coal can be had at a low price,
coal gas companies may be able to manufacture a gas of the

density of 700. In larger cities, such as Glasgow and Edinburgh,
where coal of every kind is dearer, and the cannel coal cannot

easily be procured in sufficient quantity, the average specific

gravity of the gas will not exceed 600. And in such a town as

London, where the cannel coal can scarcely be procured at all,

the average specific gravity will not exceed 450.

The average specific gravity of oil gas should eventually be
the same every where. It is difficult to ascertain what the

average is at present, as made by large establishments; but
there is no substantial cause why it should fall short of 920. We
have assigned strong reasons, however, for believing that it must
be soon improved considerably. This improvement indeed may
be no great gain ;

for the question will then occur, whether it

can be effected without diminishing the quantity of gas in the

same proportion with its increase in quahty. It is generally

supposed, that an improvement in the Quality of oil gas is neces-

sarily attended by a loss in quantity ; but, so far as can be dis-

covered, this idea rests on experiments performed by operatives

only, whose authority we are satisfied, from repeated observa-

tion, can by no means be relied on. If charcoal is left in the

retorts at the end of each charge, it is clear that the gas may be

improved by the addition of all this charcoal, without any dimi-

nution in quantity ; for, if it be added to the fight carburetted

hydrogen, which gives little light, so as to convert it into the

olefiant gas, which is powerfully illuminating, the change, it is

well krtown, will take place without any alteration in volume.

On the other hand, if good oil gas be exposed to a high tem-

perature, it is partly decomposed, and deposits some of its

charcoal. Part of the olefiant gas becomes light carburetted

hydrogen, and without any increase in volume ;
for the volume

is not increased unless it is resolved into charcoal and hydrogen.

From the Edinburgh Philosophical Journal.
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Hence a bad gas may be made from oil, wHctislfall riot exceed

in quantity the good gas of Taylor and Martineau. And, in

point of fact, we have several times found, when the retorts were

choked with charcoal, and the specific gravity of the gas was

only 660, that the quantity fell short of 100 cubic feet per gallon,
which is said to be about the average produce when the gas is

good. When oil gas has a specific gravity of 910, charcoal is

still found in the retorts. It may therefore be improved by the

addition of all this charcoal, and still retain its volume. Besides

it may be possible to improve it by the addition of charcoal from
other sources. Hence, while we at present assign to oil gas
the average specific gravity of 920, we cannot help anticipating
a considerable improvement, and positive gain.
From what has been said of the average quaUty of coal gas in

different quarters of the kingdom, it is clear that the question of

its economy, compared with oil gas, can be only answered rela-^

lively. In Edinburgh and Glasgow, where coal is moderately
cheap, and coal gas of good quality, oil gas must be somewhat
dearer ; in London, where the coal is dear, and the gas bad, oil

gas should be positively cheaper ;
and in other places the twd

will be nearly the same in price. This statement is, of course,
drawn from our own experiments on their illuminating power,
coupled with the well-known computations of Accum, Peck-

ston, Ricardo, and others, regarding their relative cost.

The second element in the question of their relative advan-

tages, is their comparative utility. It is certain that whatever
difference may exist between them in this respect must be in

favour of oil gas.
In the first place, the quahty of the light is superior. It is

whiter, and has a peculiar sparkling appearance, superior to that

of coal gas. It is therefore a more beautiful light, fitter for th6
artificial illumination of colours, and not liable to give the hunlan
countenance that unpleasant sallow appearance which every one
has observed to be caused by coal gas.
An objection has been urged to the employment of gas ill

general, that it has a disagreeable odour. This objection does
not apply at all, unless the gas is unconsumed

;
for neither oil

nor even coal gas, so far at least as our observation goes, emits

any odour, if properly burnt. But if they escape, and mix with
the air, their presence is then readily detected by the smell.

The odour of oil gas is purely empyreumatic, but quite distinct
;

we have possessed occasional specimens, which had a faint

smell, but we never found it altogether inodorous. The best oil

gas appears to have the least smell. The odour of coal gas is

of a mixed kind, being in part empyreumatic like oil gas, and

partly <)f an exceedingly offensive nature, like that of sulphuret-
ted hydrogen. In Edinburgh coal gas we have generally
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observed the empyreuma alone ; but frequently the other is per-

ceptible also, and sometimes it prevails to an insufferable

degree.
The most serious objection to coal gas arisefe from the pre-

sence of impurities. These are, a black matter like tar, and

compounds of sulphur,
—all derived from the coal itself, and

therefore necessarily present originally in every description of

coal gas. Without purification, therefore, coal gas could scarcely
be used at all

;
and it becomes a question of importance to deter-

mine, whether or not the noxious ingredients may be wholly
removed from it. The greater part of the tar is deposited at the

works in the proper vessels, but a minute portion does com-

monly pass over with the gas. It tends to clog the apertures of

the burner, and of course soils substances upon which it is depo-
sited. In common shops, where a free current of air is pre-

served, the effect is hardly noticed ; but we suspect that a part
of the inconvenience found by jewellers to attend the use of coal

gas arises from this cause.

The most formidable of the compounds of sulphur present in

coal gas is sulphuretted hydrogen. The presence of this gas is

hurtful in two ways. If it escape unburnt, it offends by its

insupportable odour, and attacks silver, and paint, with great
readmess. When consumed, it forms sulphurous and sulphuric

acids, which may injure the health, if habitually inspired, and

act chemically on various substances, as on iron and steel.

Hence the necessity of removing it entirely from coal gas. On
this subject two important questions naturally occur, to both of

which we can give a decisive answer. 1st, Can sulphuretted

hydrogen be wholly separated from coal gas ? and, 2dly, when
it is removed. Can coal gas be regarded as perfectly free of

sulphur ?

We are satisfied that sulphuretted hydrogen may be wholly
removed ; for we have repeatedly examined the Edmburgh coal

gas by the most dehcate tests, without detecting a trace of it.

Of course we do not vouch that it is always equally pure, be-

cause the least neglect, on the part of the workmen, must inevi-

tably cause some sulphuretted hydrogen to escape into the

pipes. It is equally certain, however, that coal gas, when com-

pletely free of sulphuretted hydrogen, still contains sulphur.
On burning a small jet of coal gas, free from sulphuretted hydro-

gen, so as to collect the fluid formed during the combustion,

the presence of sulphuric acid was uniformly detected, demon-

strating the existence of some compound of sulphur. What
that compound is has not yet been ascertained ;

out from its

pecuHar unpleasant odour, and the circumstances under which

It is generated, the sulphur is most probably in combination

with carbon, either in the form of the volatileliquid, sulphured



1 825.] Mr. Gray on the Genera of Reptiles, 193

of carbon, as Mr. Brande conjectures, or, what is perhaps more

likely, as a gaseous compound, containing a less proportion of

sulphur than exists in that liquid.
- 'In whatever state of combination the sulphur may be, it does

not affect the salts of lead like sulphuretted hydrogen ;
nor does

it act so readily, if at all, on polished silver and gold. Hence
the gas which contains only this impurity, will be less injurious,

when any of it escapes unburnt, than such as contains sulphur-
etted hydrogen ;

but since it uniformly yields acid vapours

during its combustidn, '§flfe pisirt
of thef objection remains in full

f^rce. -u-MiH'io nm t^^.-> . . :
- ..-

^

'

• 'These various objections, whatever wfeight they may have,

jigply to coal gas only.
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A Si/nopsis of the Genera of Reptiles and Amphibia, imlh a

Description of spmeneiv Species f By. John Edward Gray, Esq.
'-FGS. &c, ^i ,.imiwimf 'eqi^r)^^ M V

(To the Editors of the Annals of Fhilosophy.) jf^lp^'

GENTLEMEN, ^ British Museum, July U, 1825.

The reptiles have 'beeri comparatively neglected by recent

zoologists, perhaps on account of the popular prejudices against
this interesting and curious class of animals which Linneeus

designates
" Animalia pessima tetra nuda." It is only necessary

to overcome these prejudices, and to examine them even

superficially, and we cannot but be struck with the beauty of

their colours, the wonderful nature of their structure, and the

pecuHarities of their habits and manners. Indeed I do not

know any class of animals better calculated to excite the wonder
and astonishment of a student of nature.

With the hopes of inducing some inquiry into, and exd;-

mination of, this department of natural history, I have

attempted to bring together into the form of a synopsis, the

labour of the preceding writers on this class, and have also

thrown into it my own notes formed on an examination of the

specimens at present under arrangement in the British Museum,
which are exceedingly interesting to me in several points o^
view, first, as containing several undescribed species, and sp6^
ci'mens of interesting or obscure genera; and secondly, the
old^r specimens having been examined, and most carefully
named by my late uncle, who paid great attention to this

department of zoology, and several of whose manuscript species
still remain unpublished.

^ '•' '
. . : •: i

I need not dwell on the distinctness of the two classesof rep-
"iiem Series

J vol, x. o
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tiles and amphibia, or of the scaly and naked-skinned groups, as

they are allowed to be perfectly distinct l)y all modern naturalists,

although they do not agree with regard to the rank of the latter

group. I ara inclined to follow the opinion of Macleay, Blain-

ville, and others, in considering them both as classes, and con*

sequently of equal rank.

Class III.—Rettilia.

Body covered with scales or hard plates imbedded in the skin ;

heart with two auricles and one ventricle respiring by lungs.
The blood is cold

;
the windpipe ringed ;

the ribs are perfect,

jind there are several vertebr» ; the penis is distinct, sometimes
double. The

e^g
is covered with a shell, mostly hatched in the

body of the mother.

Synopsis of the Orders.

Bodi/ covered with imbedded hard plates; legs distinct.

Ears closed with a valve Emydosauri,
Ears naked, valveless SaurJ.

Body covered toith scales, or tico large shields.

Legs 2-4 weak ; ears naked SacRophidii.

LegsO; earsO Ophidii.

Legs 4
; body covered with two shields. . . Chelonii,

Mr, Macleay, in his excellent Horcd Entomologies, has

observed that the order of this class appears to assume a circu-

lar disposition ;
the most visible break m this arrangement is in

the passage between the snakes and the tortoises ;
for the con-

nexion between the latter order and the crocodiles must be visi-

ble to every one, if they only consult Shaw's figure of the

Testudo serpentina, and compare it with that of the crocodile, for

it is in fact a crocodile with a shortened body, covered with

united instead of distinct shields, and a bird's beak. The pas-

sage from the crocodiles to the lizards by means oiihQMinitors,
has long been known to naturalists, who have often considered

the latter as species of the former genus ;
and even Linnaeus

placed them in the same section of his genus Lacerta. The
Sines have always been placed in the same genus or group with

the lizards
;
but their affinity with the slow-worms did not escape

the penetrating eye of Linnaeus, who observes that the Lacerta

Chalcides, is
" Media inter Lacertas et Angues;" and the union

of the genera Sincus, Anguis, and Amphisbena, into an order,

although it has not been done by any zoologist that I am
aware of, appears to be strictly natural, for the feet in this order

exist in such various degrees of developement, that the

being with or without them appears to be only a family
or generic character, and not ordinal. Linnaeus placed the

genera Tortrix and Eryx of the true serpents as species of his
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genus Anguis, thus showing that he considered them as nearly
allied. So far the passage from one order to the other has

been very easy
and gradual ; and indeed sometimes I have been

doubtful, as in the last case, to which order I should refer

the genera. There is every reason to believe from general
structure, that there exists an

affinity between the tortoises and
the snakes, but the genus that exactly unites them is at pre-
sent unknown to European naturalists, which is not astonishing
when we consider the immense number of undescribed animals

which are daily occurring.
Mr. Macleay thought these tw^o orders might be united

by means of Emi/s Longicollis (the long-necked tortoise) of

Shaw
;
but the family to which this animal belongs appears to

be the one which unites this class to the crocodile : if I may be al-

lowed to speculate from the pecuharities of structure which I have

observed, I am inclined to think that the union will most proba-

bly take place, by some newly discovered genera, allied to the

marine or fluviatile soft-skinned turtles, and the marine serpejit.

§ 1. Body covered with imbedded hard plates ; legs distinct,fit

fox walking, Loricata, Gray; not Merrem,

,,_.
Order I. Emydosauri, Blainv. -

f" Ears closed by two longitudinal valves
;
anus longitudinal ^

body covered with large imbedded plates ; tongue short adnate ;

legs four
;
toes four before, five behind

; sternum long ; clavi-

cles none
; lungs not extended to the abdomen

j living in or near
water.

Fam, I. Crocodilid^. •

Feet three clawed; hinder ones ; palmate or semi palmate r

tail compressed. k

1. AliGATOR, Cuv. ^
Head blunt; hind feet semi-palmate. America, -^

A. lucius, Gray. Crocodilus lucius, C2^v. i

2. Crocodilus, Cuv, Champse, Merrem.
Head blunt

;
hind feet palmate. Old and Ne^.^ Qqntinenf^^....,^

^

C. biscutatus, Cmu.

3. Gavial, Oppel, Gavials, Cuv,
Head very long ; hind feet semi-palmate. Old Continent,
G. gangeticus, Gray, Crocodilus gangeticus, Cuv,

Fam, n. ICTHIOSAURID^.
Feet paddle-shaped; toes five; cervical vertebra 18. Marine,

1. IcTHiosAURUs, Kanig, Proteosaurus, Home.
Teeth in a grove.
Latreille apphed the name Ichiosanrus to the larva of a sala-

o2
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mander; but the genus has been properly rejected by all latter

zoologists.
1. communis, Kanig.

2. Saurocephalus. Harlan, 1824.

Teeth in separate sockets.

S Harlan,

Fam.Wl, Plesiosauuid.t:.
Feet paddle- shaped; toes five; cervical vertebra 35 or 41.

Marine.

1. Plesiosaurus, Conyheare,
P. dolichodeirus, Conybeare.

. Cuvier has described a genus of large lizard fossil under the

name of Geosaurus, Oss. Fas. v. ii. 328, which he says is inter-

mediate between the monitors and crocodiles.

The genus Megalosaurus of Bucklandy GeoL Trans, is, per-

haps, allied to this order.

Order II. Sauri, Blainv.

Drum of the ears naked, or covered with the skin; anus
transverse ; body covered with large and small imbedded scales

;

legs four, toes 5, before and behind
;
sternum short

;
clavicles

distinct; lungs extended into the abdomen ; living mostly on land.

§ 1 . Toncrue not extensile. Ascolabata, Merrem.
Fam. I. J;5TELLioNiDiE. StelHoncs, Cuvier.

Toes free
; inequal ; body subcompressed ;

throat subpendu-
lous, extensile.

The throat of all, but more especially of the species of the

latter section of this family, are more or less capable of being
dilated by the processes of the os hyoides, as noticed by Baron
Cuvier in his Essay on the Osteology of Lizards (Ossment Fos-

siles, v. ii. p. ^81); and it has lately been described and figured
in an excellent paper by Mr. Bell, in the Zoological Journal, as

existing in the genu« Anolius.

'\ Without any teeth in the throat; teeth equal, conical ; toes

simple. Agamina, Gray. Stellionida?, Bell, without character.

Gen.\. Uromastrix, Merrem.

Body and head scaly; tail with large whirled pointed scales;

femoral pores distinct.

U. Richii, Gray. U. acanthinurus. Bell, not U. Anthurus,
Merrem. Common Africa.

2. Zonurus, Merren. Cordylus, Gronovias.

Body scaly ;
head and abdomen shielded

;
tail Vvhorled

;

spinose ;
femoral pores distinct.

Z. Cordylis, Merren. L. Cordylus, Lin,
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3. Agama.
Body and head scaly ;

tail with small scales
;
femoral pores

none ;
toes 5-5.

This genus contains the following subgenera characterized by
the form of the scales, &c.

1. Stelho, Baud; St. vulgaris ;
Lacerta stellio, Lin. 2. Agama,

Baud; A. muricata, Baud. 3. Tapayia, Gray ; T. orbicularis ;

Lacerta, Lin, 4. Trapelus, Cmv. ; T. mutabilis, 7ioZ>. Calotes,

Merren, 5. Calotes, Cuv. ; C. ophiomachus, nob.
;

Lacerta

Calotes, Lin. 6. Lyriocephalus, Merrem (Lophyrus, OppeL).
L, margaritaceus, Merren,

4. VnEVSTEs, Merrem, Agama, JDawc?.

Toes four before, five behind ; tail prehensile.
P. prehensilis, Merrem, Carapopeba, Margrave,

6. "BksiLi CVS, Laurent,

.'Head and body scaly; tail with a dorsal fin supported by
bony rays ;

femoral pores distinct.

B. mitratus, Band.

6. Draco, Lm.
Head and body scaly ;

sides of the body with wing-like expan-
sions supported by the spurious ribs ;

femoral pores none
;

tail

round, scaly.
D. viridis. Baud,

1. Pterodactylus, Cuv.
The index finger of the fore foot longer than the body

"
supporting a flying membrane,'^ Cuv.
P. longirostris, Cuv.

ft With teeth in the throat.

8. Clamydosaurus^ Gray,
Head and body scaly; tail round scaly; neck with a large

pliated frill on each side; femoral pores none.

C. Kingii, Gray. New Holland, Capt. P. King; see the

inedited Journal of his V^oyage. (I am not certain that this

genus has palatine teeth.)

9. Iguana, Baud.

Iguanina, Gray.
Teeth unequal or compressed, denticulated

;
head shielded;

body scaly ;
back furnished with a dorsal crest

;
femoral pores

distinct; toes 5-5 simple ;
tail crested.

L tuberculata, Laur, Lacerta Iguana, Lin.
. •

10. Cyclura, Harlan.
Head ? body scaly ; back with a dorsal crest

; femoral

pores distinct
;
toes 5-5 simple ;

tail with large whorled pointed
scales. ,: , ,„

*'

C. carinata, Harlan, Acad. N. S. Phil, 1824.
"^ *

' ' ' ' * *
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11. Amblyrhyncus, J5e//.

Head short, truncated, above tuberculated
; body scaly ; neck

back and tail with a spiny crest ; toes 6-5 simple, nearly equal ;

femoral pores distinct ; teeth trilobate.

A. cristatus. Bell, ZooL Journ. ii. t. 12. Mexico,

12. POLYCHRUS, Cnv,
Head pyramidical shielded

; body scaly, inflatile
;
not crested ;

femoral pores distinct
;
toes 5-5 simple.

P. marnioratus, Merrem,

13. Anolius, Cmu. Anolis, Merrem.
Head pyramidical ; scaly (or subscutate) ; body scaly; toes

5-5 very unequal, ends dilated.

This genus may be divided into several subgenera, iaccording
to its scales and dorsal crests.

1. Anolius. A. padagricus, Daiid, 2 Lacerta bul-

laris, Lhu 3 , , A. limeatus. Daud, 4. A. Cuvieri,
Alerrem; 2L\\\edto Basilicus?

The fossil genus Mosasaiwus of Conybeare, according to

Cuvier, Oss, Fos. v. ii. 337, is intermediate between the Agamina
and the Iguanina,

Fam. II. GECKOTiDiE.
Toes nearly equal, mostly dilated, beneath transversely scaly;

body depressed ;
throat not extensile ; ^-^eth conical or three*

lobed ; none in the palate.

1. Phyllurus, Gray, Phyllures, Cuv.
Tail depressed, lanceolate

;
toes simple, filiform, clawed ;

body and head scaly.
P. Whitii, nob. Lacerta platura. White's Jour, Agama.

Platyura, Merrem, Perhaps belong to the former family.

2. Uroplates, Baud,
Tail depressed, edged with a membrane ;

toes semi-palmate^
dilated at the ends, scales longitudinally divided, claws sunk
in the grove.

*U. fimbriatus. Stellio fimbriatus, Schneid,^^ Caudiuerbera,
Laur, C. cristatus. Lacerta caudiverbera, Lin, ***Gecko

tetradatylus, Merrem,

3. Ptyodactylus, Gray, Ptyodactyles, Cuv.
Tail round; toes free, ddated at the end, scales longitudi-

nally divided, claws sunk in on the grove ;
femoral pores none.

P. lobatus. L. gecko, //asse/^

4. Thecadactylus. Thecadactyles, Cuv.
Tail round, scaly ;

toes dilated their whole length, furnished

oeneath with scales divided by a longitudinal fullow, containing
the claws

;
thumb clawless

; thigh poreless. America,

T. Isevis. Greco levis, Daud, Lac. rapicauda, Gmelin,
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5. Hemidactylus. Hemidactyles, Cuv,
*

Tail round, beneath ringed ;
toes dilated at the base into an

oval disk, formed of two series of scales ;
claws and femoral

pores distinct. Old Continent.

*H. tuberculosus, Grai/, Gecko, Daud, H. maculatus.

Gray. Gecko maculatus, Merrem, *^'? H. triedrus ; H. acu-

leatus ;
and H. platyurus, Gecko, Merrem; belong to this genus.

6. Gecko.
Tail round, scaly ;

toes dilated their whole length, furnished

with transverse series of scales, clawed
; thumb clawless

;
femo-

ral pores distinct.

G. verus, Merrem, Lacerto gecko, Lin, G. vittatus and G
Spectator, Merrem, belong to this genus.

7. Tarentola, Gra^.
Tail round, scalar ;

toes dilated their whole length, furnished

with transverse series of scales
; thumb, index, and little fingers

clawless; femoral pores none.

T. stellio. Gecko stellio, Merrem. Lacerta Mauritanica,
Lin.

.q

8. Platydactylus, Gray. Platydactyles, Cuv.
Tail round, scaly ;

toes dilated their whole length, furnished

with a series of scales, clawless
;
femoral pores none ;

thumb

very small. Isle of France.

P. Cuvieri, Gray, Gecko inungius, Cuv. P. ocellatus,

Gray, Gecko, Cuv. and P. squahdus, Gray. Gecko, Daud.

9. Phelsuma, 7iob.

Tail round scaly ;
toes dilated their whole length, furnished

with a series of scales, clawless
;
thumb small

;
femoral pores

distinct. Isle of France.
P. crepidianus. Gecko, Merrem, P. ornatum. Gray. Brown,

back ornamented with six rows of red oval spots. Capt. King.

§11. Tongue extensile. Saurase, Merrem,
jfe/W. III. TuPINAMBIDiE.

Tongue deeply two cut, very extensile
;
teeth only in the jaws;

tail mostly laterally compressed ; subaquatic (allied to the Emy-
dosauri).

1. Uranus, Merrem. Tupinambis, Lam. Monitors, Cuv.
Teeth conical

; throat collarless
;
head and body scaly ; belly

annulated
; toes 5-5

; femoral pores none. The Ancient Continent.

*Tail rounded. U. Dracaena, Merrem. L. Draceena, Lin.
** Tail compressed, beneath rounded. 1 . U. varius, Merrem.
Lacerta varia, White, N. H.



MO Mr. Gray on the Genera of Reptiles^ [Sept.

2. Ada, Gray, Dragonnes, Cuv,
'Head shielded ; body scaly, with larger shields on the back ;

throat with two pleats; toes 5-5; femoral pores distinct; teeth

conical ;
tail compressed at the end. America,

A. crocodilinus, Gray. Teius crocodilinus, Merrem, La Dra-

gonne, Lacepede,

3. Teius, Merrcw. Les Sauvegardes, Cwv.

Head shielded ; body scaly, scale of the abdomen long ;
throat

with two
pleats ;

toes 5-5, or 5-4 ; femoral pores distinct ;

teeth denticulated; tail compressed. America,

T. bicarinatus, Merrem, Lacerta, Lin,

4. Ameiva, Say,
Head shielded

; body scaly ; scale of the abdomen broad
;

throat with two
pleats ; toes ^-b

; femoral pores distinct
;
teeth

denticulated; tail round. America,

A. vulgaris. Lacerta Ameiva, Gwe/iw.

Fam,\y, Lacertinid^.

Tongue deeply two cut; very extensible
; teeth in thejaws and

palate ;
tail round

;
neck surrounded with a collar of larger

scales ; toes b-b,

1. Lacerta, JLi/i. Cmv.
Head and abdomen shielded

; back scaly ;
a collar of larger

scales round the throat ; femoral pores distinct ; teeth conical.

L. agilis, L,in:

2. TAckYDROMUs, Oppel, Takydrome, Df/Mf7.

Head; back, and abdomen shielded
;
femoral pores none, with

two vesicles at the anus.

T. sexHneatus, Daud, t. 39.

The species of this family require further division and exami-

nation : the latter genus is allied in form to the next order, or

Saurophidii.

Fam. V. Camelionid.i:.

Tongue round, club-shaped, very extensile ;
teeth three-lobed ;

tail prehensile ; body and head minutely scaly ;
toes 5-5,

united; two and three together, clasping; tympanum covered

with the skin.

1. CnAMELION, X//«.

, The only genus as yet known in the family.
*C. vulgaris, Latr. Lacerta chamaeleon, Lin, Africa.
**C. calcaratus, Merrem, ***C. bifidus, Brogniart,
This family is allied to several of the Stellionidx, as Pneiistes,

Scc.but; its affinity with Lacertunidne is not so apparent.

§11, Body covered xcith scales pr a bony case; legs often
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wantinsy or too small for walking; sometimes adapted for

swimming,

Orc?er III. Saurophidii, Gray. ./ijt^.';

Drum of the ear deep seated, partly covered with a posterior
transverse valve or by the skin; eyes furnished with longitudinal

eyelids ;
skin covered with uniform imbricate scales, or rings of

square plates ;
feet two, or four small, weak, sometimes wanting;

occipital condyle three cut
; lungs two unequal, or rarely only

one ;
ossa quadratam one on each side

; upper maxilla immove-
able.

§1. Body covered with imbricate scales ; anus transverse, not

terminal: tongue extensile!.

lam, I. SiNCiD^, Gray,
Body fusiform

;
scales uniform, shining ; tongue fleshy,

slightly extensile ;
teeth denticulated

;
drum of the ear

deep, partly covered with a transverse posterior valve
; legs four

weak
;
toes nearly equal.

1. Si NOUS, Daud,

Body fusiform, uniformly scaly; head shielded; feet four
;

femoral pores none ; toes 5-5
;
teeth in the jaws, and two rows

in the palate.
S. officinaHs, Schneider, Lacerta Sincus, Lin,

2. TiLiQUA, Gray,
Body fusiform, uniformly scaly ;

head shielded
;
feet four

;

femoral pores none
;
toes 5-5

;
teeth only in the jawS;

T. tuberculatus. Gray. Lacerta Sincoides, White.

3. Gymnophtalmus, Merrem.

"Body fusiform
;
head shielded

; feet four; femoral pores . . . . ?

toes 4-5
;
teeth conical (only in the jaws ?) ; tongue two-forked ;

eyelids none," Mcrreu,

G. quadrilineatus, Merrem. Lacerta, Lin,

4. Traciiydosaorus, Gray.

Body fusiform
;
head shielded

;
back covered with hard bony

scales, like the frontal shelds inform
;
abdomea with thin scales;

feet four
;
toes 5-5

;
femoral pores none ;

tail short depressed.
T. rugosus. Gray. New Holland, Capt. P. P. King, RN.

5. CiciGNA, Gray. ,

Body subfusiform, with a distinct lateral line
;
head shielded ;

feet four
;
femoral pores distinct

;
toes 5-5 unequal.

C. sepiformis. Gray. Sincus sepiformis, Schneider,

Fam. II. Angudid^.
Body cylindrical; scales uniform, shining; tongue fleshy
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necked ; dnim of the ear, partly covered with a transverse poste-
rior valve

; feet four or two, weak ; anus transverse, not terminal.

»

1. Seps. Daud, Chamsesaura, Schneider,

Head shielded
; legs four ; toes 3-3 ; body without any dis-

tinct lateral line ; scale uniform.

S. chalcidica, Merrenu Orey, with nine grey lines above ;

tail longer than the body; scales of the head unequal. Lacerta

chalcides, Lin, C. chalcis, Schneid, Chalcides Seps, Laireille,

Seps. tridactylus, Daud.
S. equalis, Grai/. Grey ;

tail thick, half as long as

the body (perhaps injured) ;
scales of the head equal ;

head and

body 30-10
;

tail 17th of an inch
; scale of the head numerous,

very nearly equal.

2. Tetradactylus, ikferrem.

Head shielded
; legs four

; toes 4-4
; body furnished with a

distinct lateral line
;
scale of the back quadrade of the abdomen

hexagonal ; tongue short entire.

T. Chalcidicus, Merrem, Lacerta tetradactylus, Lacep,Ann,
Mus,

3* MoN OD ACTY Lus, Merrew. Chamaesaura, ^cAweicf.

Head shielded
; body with acute keeled scales ; feet four

;

toe one to each foot ; tongue short entire.

M. anguinus, Merrem, Lacerta anguina, Lin, Chalcides

pinnata, Laur, C. anguinea, Law.

4. BiPEs, Laup,
Head shielded ; body with imbrical scales ; fore feet hid in

the skin ;
hind feet with two toes

; tongue short apex necked.
B. anguinus, Merrem, Lacerta bipes, Lin,
Merrem describes from Gronovius an animal under the names

of Fygodactylus Gronovii, but he doubts it being distinct from
the former ; it is only said to differ in having only one toe to

the hind feet. Cuvier, R. A. describes the former as only hav-

ing one ;
on what auihority I do not know.

5. Pygopus, Merrem,
Head shielded ; body with a distinct lateral line (" back

scaly ;
abdomen with small shelds," Merrem) ;

femoral pores
distmct; eyes large ; drum of the ear large ; teeth in the jaws
only ; tongue short, entire

;
fore feet hid in the skin

;
hind feet

clawless
; rounded, lobed.

P. lepidopus, Merrem, Bipes lepidopus, Lacep, N. Holland.

6. Ps EU DO p u s, 3f(errew. Sheltopusik, Ltf«m//e.

Head shielded
; body furnished with a distinct lateral line

;

fore feet wanting ;
hind feet short, two or three lobed

; tongue
two-forked; teeth blunt only in the jaws.
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P. serpentinus, Merren. Lacerta apus, Pallas, Chamaisaura

apus, Schneid. Bipes sheltopusik, Bonnat, Sheltopusik didac-

tylus, Lat, Seps. sheltopusik, Daud. Russia.

7. Opmiosaurus, Daud. Hyalinus, Merre^Tz.

Head shielded
; body with a distinct lateral line ; feet none,

(hid under the skin) ;
drum of the ear apparent; teeth in the jaws

and palate.
0. ventralis, Daud. Anguis, Lin, Chamsesaura, Sckneid,

8. Anguis, Lin, Cuv.

Head shielded
; body without any lateral line

;
feet none (hid

under the skin) ; drum of the ears covered with the skin ; teeth

only in the jaws. rcf

A. fragihs, Lin,

9. AcoNTiAs, Cnv, Eryx, Daud,
Head shielded ; the anterior shield projecting over the mouth,

lateral line not distinct
;
feet none, nor no bones (hid under the

skin) ;
drum of the ears covered with the skin

;
teeth in the jaws

and palate, allied to the next family.

*Eyes distinct. A. Meleagris, merrem, Anguis, Lin. Eryx
Meleagris, Daud, ^'^Eyes hid with the skin. A. caecus,
Cuv,

^ 2. Body covered with intricate scales; anus terminal.

Fam. III. TvPHLOPiDiE, Gray.
Body cylindrical, covered with imbricate scales

; feet or legs
none

;
head shielded, muzzle advanced

; tongue long, forked

extensile
;
anus terminal

;
drum of the ear hid under the skin.

1. Typhlops, Schneider.

Eyes visible under the skin.

Dr. Waggler has published a genus under the name of Stenos-

toma which does not appear to differ from this or Acontias,

§ 3. Body covered with rings of square scales,

Fam. IV. AMPHisBiENiDiE, Gray.
Body cylindrical, covered with rings of square scales

;
feet or

legs none
;
head and sometimes the chest shielded

; tongue
short, cut

;
teeth conical only in the jaws ;

anus terminal
;
drum

of the ear hid under the skin.

1. Amphisb/ena, Lin.

Body covered with rings of uniform sized square scales ;
head

shielded
; anus with a series ofpores in front.

A. alba, Lin,
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2. Lepto'stermon, Wagler.
Head and chest shielded

; body covered with rings of square
scales

;
anus without any pores.

L. microcephalus, Wagler 10, t. 26, f. 2.

Fanu V. CrtALciDiD.E.

Body cyHndrical, covered with rings of uniform square scales
;

legs two or four
;
head shielded

; tongue . . . . ; teeth . . . .
;
anus

transverse submedial
;
drum of the ear hidden.

1. Chirotes, Cmv. Bipes, Xfl^r. Bimanus, 0/)/)e/.

Legs two, posterior ;
toes five, clawed.

C. canaliculatus, Merrem, La Cannell, Lacep. Lacerta lum-

bricondes, Shaw,

2. Chalcides, Daud, Chalcis, Merrem,

Legs four
;
toes three, clawed.

C. flavescens, Bonnat. Le chalcide, Lacep, Chamaesaura

Cophias, Schneid, Chalcis Cophias, Merrem,

3. Cophias, Gray, Colobus, Merrem, not Illiger,

Legs four ;
toe one, clawed.

C. Daudini, Gray, Colobus Daudini, Merrem, Chalcides

Monidactylus, Daud,

Order IV, Ophidii, Brogniart, Serpentes, Lin.
The drum of the ear wanting ; eyes destitute of the third lid

;

skin covered with imbricate scale or plates; feet none; chest and
blade bones wanting; ribs encircHng the body; body of the

vertebra uniting by a convex and a concave surf\ice
;
the os

tympanum or pedicel of the lower jaw moveable, and suspended
to another similar bone or mastoide, attached to the skull only
by ligaments. The branches of the jaw only united together by
ligaments, so as to let them separate more or less from
each other, and allow the animal to swallow large bodies

;
the

palatine arches movable, armed with sharp recurved teeth.

§1, Upperjaws with fangs anil/. Venati.

The jaws are very dilatible ; the tongue very extensile; head

large behind
;
the upper maxillary bones small, supported on a

long pedical, and very mobile, furnished with a fang, pieced
with a little canal, which give passage to the liquor secreted

by a considerable gland under the eye. The fang, when the

animal is not irritated, is hid in a plait of the palatine integu-
ments ; viviparous.

Fain. I: Grotalid.'e.

Body and tail covered beneath with simple transverse plates ;

head usually scaly. America.
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^With a Rattle,

J 1. Crotalus, Lzw.

Head covered with scales
; the muzzle perforated with a small

fovea behind each nostril
;
tail furnished with aratthng appendix

formed by the dry terminal scales. America,
C. horidus, Lin.

2. Crotalophorus, L/?7. Gray,
Head covered with plates ;

muzzle with a small fovea behind
each nostril

;
tail furnished with a rattling appendix. America.

C. miliaris, Lin,
'^^ Without any Rattles.

3. EcHTs, ilferrew. Scytales, jL«^r. not Grono?;.
• Head covered with scales

;
the muzzle not perforated ; tail

simple. AUied to Viperadae, Merrem.
S. zic zac, Daud, Boa horrata, Schneider,

4. AcANTHOPis, Daud, Ophyas, Merrem,
Head with large scales in front

;
no pores behind the nostrils ;

tail with double plate only beneath the end, which terminate in a

very acute point.
A. cerastinus, Daud. Boa palpebrosa, Shaw, Ophryas

Acantophis, Merrem, ,

5. Langaha, JBrwg. Langaya, 67mt(;.

Head covered with large plates ;
muzzle long, pointed ;

tail

surrounded by ring-like plates, except at the end which is scaly.
L. nasuta, Shaw. L. madagascariensis, Me/rem. Is this

genus allied to Dryinus ?

Fam.W. ViPERiDiE.
The body scaly ;

the abdomen covered with annulated plates ;

the tail with divided scale beneath
;
anus without spurs.

Head distinct, scaly, behind broad. Viperina*
1. Trigonocephalus, Oppe/. Lachensis, JD^mc?. Cophias

Merrem. .

Head triangular with a distinct fovea behind the nostrils; tail

round
; apex simple, conical, sometimes armed.

T. atrox, Merrem. . .^

2. Crasedocephalus, Kuhl. BothVops, Wagle'r.
Head truncated, with a distinct fovea behind each nostril

;
tail

round, the plates towards the anus entire, apex simple, conical,,

plates halved.

C. cTotSilinm, KnhL Crotalus Mutus, Lz/z.

3. Cobra, Laur. Vipera, Lciur, Echidna, Merrem,not Geoff,
Head covered with scales without any fovea behind the nos-

trils
;

tail round. ^^

V. Cera&tes, Laur, Coluber Cerastes^ Lin.
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6. Pelias, Merrem, . Coluber, Laur»
Head scaly, with three larger plates, without any fovea

behind the nostrils ; tail round.

P. Berus, Merrem, Coluber Berus, Lin,

^^Head broad behind, with plates. Naiina.
5. Naia, Laur.

Head, with nine plates behind, broad ; neck very expansile,

covering the head like a hood ; tail round.

N. tripudians, Merrem, Coluber Naja, Lin,

***Head indistinct, with plates ; mouth small, Elaphina.
6. Sepedon, Merrem.
Head with nine plates, without any fovea behind the nostrils

;

tail round.

S. Hsemachates, Merrem. Hamachate, Lacep,

7. ElA PS, Schneid.

Head rarely distinct from the body with plates, without any
fovea behind the nostrils

;
tail round.

E. Lenniscatus, Schneid. Coluber henniscatus.

The fangs of this genus are said not to be perforated ;
it is,

therefore, closely allied to Coluberida, and the tribe should
be removed to the latter family ;

I have at present considered it

as the passage between the two sections of Ophidii.

8. MiCRURUS, Wagler.
Head indistinct with nine plates, without any fovea behind the

nostrils ; tail very short, acute
;
subcaudal plates one and two

rowed.
M. spixii, Wagler,

9. Platurus, Latr,

Head with plates ; tail compressed, broad two edged, allied to

Hydrid(C.
P. fasciatus, Latr, Coluber laticaudatus, Lin. Laticauda

scutata, Law. Hydrus colubrinus, Schneid,

§ 11. Upperjaw with teeth, and with or withoutfangs ; ovipa-
rous,

Fam, II. Hydrid-i:.

Nostrils on the top of the head, operculated ;
teeth and

usually fangs ; body covered above with scales, and beneath with

scales or narrow plates.

*Tail compressed. Living in water,

1. AiPYsuRus, Lflcep.
Head shielded ; belly with a row ofsmall shields

;
tail beneath

scaly ;
neck dilatible.

*A. Isevis, Lacep. Enhydris laevis, Merrem.
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2. Enhydri s, Merre/Tz.
'

.
,

..

Head shielded ; belly with a row of small shields
; tail beneath

scaly ; body keeled ;
neck simple.

E. spiralis,
Merrem. Hydrus spiralis, Shaw.

3. DisTERTA, Lacep.
Head shielded ; belly with a row of shield apparently formed

of two rows of scales soldered together ;
tail beneath scaly ;

neck simple.
J), dolmta, Lacep, N.H. Capt. P. P. King. [

4. Hydro PHIS, Daud, Leioselasma, Lacep.
Head shielded

; belly and tail, beneath shielded. *

^ H. nigro anctus, Daiid. Ilussel, Lid. Serp, t. 6. ^^Leiose-

lasma, striata, Lacep, Ann, Mas, iv,
^^'^ ? H. spiralis, nob.

H. spiralis, Shaw.

5. Pelamis, Dand, Hydrophis, Latr. and Daud,
Head shielded

; body and tail entirely scaly.
P. bicolor, Daud, Anguis platm'a, Lin, ^^5'*^' f

6. Chersydreas, Cuv, Acrocordus, Shaw,
Head and body entirely covered with small scales ; tail com-

pressed.

,; £?• granulatus, Merrem. Hydrus, Schneider, Pelamis, Daud,

^^*Fa7ig$ none; tail round.
,

7. Acrocordus, IZor;2s^e(/^.

Head and body entirely covered with small scale
;

tail round;)

fangs none.

A. Javanicus, JIor/2s^e(i^.

Fam, V. CoLUBRiD^.
Jaws furnished with teeth, and sometimes fangs ;

head covered
with plates ;

abdomen covered with broad ring-hke plates ;
tail

with two, and sometimes only one series ofplates beneath
j
anus

destitute of spurs.

"^Mouth withfangs.
1. Trimeresurtjs, Lacepede,
Head narrow, shielded

; body with broad smooth scales on
the sides, and narrow keeled scales on the back

;
tail with ^hole

and divided scales. :i-?imi-% »o
^

T. leptocephalus, Lacepede, Ann, Mus. 'N. H.

2. Bungarus, Daudin.
Head blunt with nine plates ; body scaly with the dorsal

scales larger than the rest. Subcaudal scale one rowed, entire.

B. cseruleuB, Daud. Boa lineata, Shaw.
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3. Op HIS, Waaler.
Head with smatl imperforate teeth placed before butnot behind

the fangs ;
abdominal plates broad; the subcaudal plates two

rowed.
0. Merremi, Wagler,

**Mouth withoutfangs ; without auy fovea before the eyes,
4, Coluber, Lin, Natrix, Lour. Coronella, Laur,

Head with eight or nine plates ;
nostril simple, solid, convex;

mouth large, bent down at the angles ;
tail beneath wilh all the

lower divided
;
scales of the back equal.

*C. albus, Lin, C. brachyurus, Shaw, **Coronella, Laur,
C. cervina, Laur, Coluber stolatus, Lin, ***Homalopsis,
KuhL H. monilis. Coluber, Lin,

6. DiPSAs, LflMr. not Leach, Bungarus, Oppel, not Daud,
Head large, oblong, with eight or nine plates ;

rostral scale,

simple, solid, convex ;
mouth large, angle bent down ; shield

beneath the tail all divided
;
scales of the centre of the back

hexangular, larger than those of the sides.

*D. indica, Laur, Coluber bucephalus, Shaxo, *Bungarus,
Catesbeii, Coluber, Catesbeii, Merrern,

6. Ahjetulla, Gray,
Head distinct, oblong, with nine plates, before rounded very

blunt, depressed ; rostral plate single, convex, with a concave
arch on the labial margin ;

mouth large, angles recurved
;
sub-

caudal shields two rows
;
scales of the sides linear, adpressed,

those on the centre of the back, forming the dorsal series larger,

triangular ; body long, slender.

A. decorus, Jiob, Coluber decorus, Shaw, A. caerulescens.

C. caerulescens, Lin, A. Sagitalis, Coluber Sag] talis, E. W,

Grajfs MSS, C. sagittatus, Shaio. A. punctulatus, Gray,
N. Holland. Capt, P, P, King,

1, Macrosoma, Leach, without character.

Head long with nine plates ;
rostral plate single, convex, with

a concave excavation on the labial margin ;
mouth large, angle

bent down
;
shield beneath the tail all two rowed

;
scales of the

back uniform
; body long, slender.

M. elegans, Leach, Bowdich Ashantee, Coluber elegaus,
Shmv,

8. Passerita, Grcry. Dryinus, Merrern, not Fabr, Natrix,
Laur,
Head with nine plates ;

snout moveable, acute, with two
scales in front, one before the other

; plates under the tail rowed
;

fkngs distinct
; body very thin ; scales hke the genus AheutuUa ;

tail very long.
JD. mysterizans, Merrem, Coluber mysteiizans, Lin,
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9. HuRRiA, Daud.
. Head with nine plates; scale of the body uniform

; plate

under the tail entire and divided.

*Head narrow, indistinct, H. lineata, Daud, Hurriah, RusseL

**Head very broad. Ibiba, Gray, I. irregularis. IJurria pseu-

doboiga, Daud,

10. ScYTALE, Gronovius,

Head with nine plates ;
scale of the body uniform

; plates

under the tail all entire.

*Head distinct, blunt. S. coronata, Merrem, *=*'Head indis-

tinct. S. anguiformis, Merrem, Anguis scutatus, Laur,

11. Erpeton, Lacep. Rhinopirus, Merrem,
Head with large plates, with two soft scaly appendices at the

end of the nose; abdomen largely shielded; tail above and
below scaly.

E. tentaculatus; Z/flcep. Rhinopirus. Erpeton, ilferrcTw.

Fam, V. BoiD^.
Jaws furnished with teeth, and sometimes fangs ;

head scaly,

or with a few plates in front
;
abdomen and tail covered beneath

with narrow short plates ;
anus furnished with spurs.

^Head distinct, Boina.

1. BoAjXm. Cenchris, Lm. Constrictor, Xcfwr.

Head distinct, scaly ;
mouth and tail above scaly, below

broadly shielded
;
tail long, round, tapering.

B. Constrictor, Lin.

2. Cenchris, Xw/. Boa, jL«?/r. Xyphosoma, Wagler.
Head distinct

;
shielded over the nose ;

trunk and tail above

scaly, below broadly shielded
;

tail round, tapering; body com-*

pressed, subfusiform.

C. murina, Boa Cenchria, Lin, Boa Cenchris, Gmeliru

3. Python, Daud.
Head distinct, scaly, or subshielded over the nose

;
trunk

above scaly, beneath broadly shielded
;

tail round, beneath
with divided, and sometimes a few entire plates.

P. tigris, Daud, Coluber Nepa, Laur, C. boaeformis,
Shaw,

Obs. Some of the species of this genus are somewhat allied to

Hydrida3.

^^Ilead indistinct ; body cylindrical ; mouth small, Totricina.

4. ToRQUATRix, Haw, Tortrix, Oppel. not Lin,
Head not distinct; from the trunk mouth small

; body above

scaly, below covered with small hexangular shields
;

tail blunt,

round, scales simple and divided; mouth small; tongue short,
cut.

. T, Scytale, (jrray. Anguis Scytale, Lin. A, Corallina, Laur,
^ew Series

J vol. x. x*
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5. 'Eryx, Baud, Erix, Cuv.
Head distinct from the trunk

; body covered above with hex-

agonal scales, below with small narrow subquadrate shields
;
tail

iShort, blunt, with one row of scales beneath.

E. turicus, DauiL

6. Clotiionia, Daud,
Head distinct from the trunk

; body covered above with hex-

agonal scales, below with small narrow subquadrangular shields ;

tail short, blunt, with simple and double shields,

C. anguiformis, Daud,

Order Y. Chelo^ ii, Latreille* Cheloniens, Brogniart, Tes-

tudinata, OppelL
Body short, inclosed between two horizontal shields, with the

head, neck, tail, and four legs, passing out between
; mouth

toothless, often covered with a horny bill
; tongue short.

The upper shield, or Carapace, is formed by the ribs (eight

pair) enlarged and united together, and to the annular part ofthe

dorsal vertebra, by toothed sutures, so as to be immovable
;

the lower shield, or plastron, is formed of the pieces which

represent the chest bone (usually nine), and a circle of bones

analogous to the sternal cartilages of quadrupeds. The vertebra

of the neck and tail alone are movable. The two bony envelopes
are immediately covered with the skin or scales, and surround

the muscles of the extremities
^

§ 1. Feet and head retractile into the carapace; carapace solid,

covered with hornt/ scales. Cryptopodi,
Fam,l, TESTUDlNlDiE.

Body covered with horny shields
; carapace convex solid

;

sternum, attached by the greater part of its sides to the carapace;

legs horny ; feet club shaped ; toes indistinct, bluntly clawed
;

dorsal plates, 13
; sternal, 12, Terrestrial.

Testudo, Dumaril. Chersini, Merrem,
T. grseca, Lin,

FamAL Emydidm, BellMSS.

Body covered with horny shields ; carapace depressed ; ster-

num attached to the carapace by a small surface ; lips horny or

soft
;
feet digitate ; fingers distmct ; claws sharp ; fluviatile or

lacustral.

*Beak horny; sternum entire, Emydina.
1. Emys, Brogn.
Toes 5-4, or 4-4

; depressed elongated, palmated ; sternum
immovable.

*Sternum very narrow. Rapara, R. serpentina, Gray,
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Tesiudo, Lin, **Steraum 11 or 12 scaled, broad. E. cen-

trata, Merren, T. concentrica, Shaw, '^^^^'Toes 4-4
;
sternum

13 scaled. E. longicolis, Gray, Testudo, Shaw.

The plastron of the last subgenus is covered with 13 scales
;

that is six pair marginal, and an unequal sided hexangular, one in

the middle of the anterior lobe. I have only observed an approxi-

mating distribution of the plates in a species of strenotherus ;

all the other Emyda that I have seen have had only the six pair
of marginal plates, the first pair sometimes soldered so as to

form only 1 1 plates.

Beak horny ; sternum transversely sutured, Terraphenina.
2. Terraphene, Merrem. Cistula, Say, Tortuis a boit,

Cuvier,
'

Body convex
;
sternum of 11 or 12 plates, moveable

;
the two

central plates united to the carapace by ligament; the posterior
lobe broad fixed, the anterior one, of five or six plates, separated

by a transverse ligamentous hinge.
T. clausa, Merren, Testudo, Gmelin.

This genus forms the pass between the Emydae 9,nd the Tes-

tudinidtB, for it has the convex form and solid shell of the latter,

and the feet and general characters of the former. It is also

intermediate in point of habits, for it is often found in hot dry

places.
Mr. Bell observes, that Testudo Europea is a species of this

genus ;
if so the name of it should be changed, as that was cer-

tainly the Emys of the ancients.

3. Sternotherus, Bell, MSS. Tortues a boit ^*Cuv,

Body depressed ; sternum of 11 or 12 plates; the central part
of two plates united to the carapace by two long processes fixed

;

the anterior lobe moveable, separated by a transverse ligamen-
tous hinge ;

the posterior lobe narrow, fixed.

S. odorata, Gray, Testudo, Latr, S. pensylvanica, Testudo,
Gmelin,

Obs, Cuvier describes the anterior and posterior lobes of the

sternum of these species to be moveable ; but the hinder was
fixed on the specimens which I have examined, which were all

dry.

4. Kinostern CM, Spix,

Body depressed ;
sternum central part fixed ; anterior and

posterior lobes moveable
;
throat bearded.

K. longicaudatum.

^Beaksoft, Chelidina.

5. Chelys, Dameril, Matamata, Merrem,
Claws 5-4

; body depressed ; lips soft ; nose produced.
p2
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C. fimbriata. Testudo matamata, Brug,
This genus is allied by its soft lips to the next family.

§ 11. Feet and head not or onlif partly retractile into the cara-

pace; carapace mostly soft, Gymnopodi.
Fam,\l\, Trionicid;e.

Body covered with a coriaceous skin
; lips fleshy ;

feet digi-

tate palmate ;
five toed, three clawed. Fluviatile,

1. Trionix, Geoff,
- Nose produced.

T. ferox, Geoff̂ Testudo ferox, Pennant,

Fam.iy, Spiiargid;e.

Body covered with a coriaceous skin
; Hps horny ; feet fin-

shaped. Marine,

1. Sphargis, Merrem
S. mercurialis, Merrem. Testudo coriacea, Liu, Luth,

Daubenton,

Fam.y, Cheloniad^.

Body covered with horny shields; lips horny; feet fin-shaped.
Marine,

]. Ch ELONi A, Brog;/. Caretta, Merrem,
C. Mydas. Testudo Mydas, Lin, Caretta cephalo, Merrem,

A Table of the Affinity of the Orders of Reptiles.

Norma} Groups, Anneciant Groups.

Order I.—Sauri,

1. StellionidaB. 3. Lacertinidee.

2. Geckotidae. 4. Chamselionidae.

5. Tupinambidae.

Order II.—Emydosauri,
1. Crocodilidaj. 3. Plesiiosauridge.

2. ? 4. Icthiosauridee

5. ?

Order lll.^Chelonii,

1. Testudinidse. 3. Trionicidde.

2. Emydidae. 4. Sphar^idic.
5. Carettidae.

Order IV.—Ophidii,

1. Crotalidae. 3. Hydridai.
2, Viperidae. 4. Colubridae.

5. Boid«.
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Normal Groups. Anncctant Groups,

Order V.—SaurophidiL

1. Sincidag. 3. Typhlopsidse.
2. AnguidaB. 4. Amphisbsenidte.

5. Chalcidse.

The last family agrees with some of the Sauri, in having four

legs and plates.
The first of these columns represents the natural groups

which have the characters of the order in the most perfect state,

and consequently are not directly allied to the other order,

except through the medium of the annectant families, which are

the first (No. 3) and last (No. 5) of the right hand column which
are themselves united together by the central (No. 4) family of

each group.
The two fossil families may be the type of Emydosauri, but

the group is so imperfectly known at present, that it is impossi-
ble to determine it.

Class IV.—Amphibia.

Body with a soft naked skin
;
heart with one auricule and one

ventricule
; respiring by lungs and

gill,
and often by lungs only

when perfect ;
claws none; headarticulation to the vertebra by two

condyles. Blood cold
; windpipe membranaceous ;

ribs none, or

very short and imperfect ; ^gg skin membranaceous. Animal
often changes its form and habit during growth ; egg fecundated

after they are deposited, hatched in the water where they are

laid. They do not only differ from the perfect animal by having

gills, but they often change their external and internal conform-

ation, and generally gain legs.
This class contains so few genera that it is scarcely necessary

to divide it into orders. I shall, therefore, for the present merely
divide it into families, which may be considered as either,

§ 1. Undergoing transformation; gills deciduous ; eyelids three

distinct: spiracute none. Mutabilia, Gray* The larva elon-

gated, respiring by deciduous gills.
Order \. At^oijiiA, Dumerii, SaUentia, Li/?//'. Batrachein,

Blainv.

Fam. I. RanadxE.

Body short, thick
;

feet four, long ;
tail none

;
drum of the

ear apparent ; sternum and clavicles distinct. Larva elongate
tailed, apodous'; gills turfted on four cartilaginous support, co-

vered by the skin, pierced with one or two lateral spiracules.

fSkin ihining.

^Hylina
Hyla, Lauf. Calamita, Schneid.

Body slender
;
skin mostly smooth ;

toes all dilated at the end,
the fourth one of the hind feet, of a m derate length, ^

- -^*-
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*H. tinotoria; Laur, Rana tinctoria, Shaw. **C. intermixtus,
Merrem. ***Calamita, hind feet semipalmate. H. arboreus,
Schneid. Rana arboreuS; Lin. "^^^^Boana, Grai/, Granulated
feet palmate, /3 maxima. Rana Boans, Lin.

'^'^llanina,

Ha'Sa, Lin. Laur. Ranaria, llaff\

Body subventricose
;
skin smooth

;
back angular ; paratoid

glands none externally ;
toes attenuated, hind ones palmate, the

fourth of the hind foot very long ; teeth in the jaws and palate.
R. temporaria, Lin.

Mrgophrys, Knhh
Body ventricose

;
skin smooth ; back convex

;
toes attenu-

ated, the hinder ones semipalmate ; head angular, with a conical
horn over each eye. The Old Cpntinent.
M. KuhHi, 7tof). Java?

Ceratopiirys, Desm.

Body ventricose
;
skin rough ;

back convex
;
toes attenuated,

the hinder ones semipalmate, nearly equal ;
head angular, with

a conical horn over each eye. America.
C, Sebae, nob, Rana cornuta, Lin.

f-fSkin dull, war-ty,

*^*Botnbinatorina.

Breviceps, Merrem.

Body ventricose
;
back convex

;
skin warty ;

no external

paratoids ;
toes attenuated

;
the head blunt, confluent

;
mouth

small, not extending beyond the front angle of the eye ;
teeth in

the jaws.
. B. gibbosus, Merrem. Rana gibbosa, Lin,

BoMBiNATOR, Merrem.

Body ovate; back convex
;
skin warty ;

no external paratoids;
toes attenuated, the fourth of the hind foot longest; head

rounded, confluent; mouth large, extended to the back of the

eyes ;
teeth none.

B. ventricosa. Rana ventricosa, Lin,

****Fiprina,
PiPRA, Laur.

Body ovate, depressed ; back flat ; skin warty ;
no external

paratoids ;
toes attenuated ; head triangular, confounded with

the body; mouth large; the young are hatched on the back of

their mother.

P. Tedo, Merrem. Rana pipa, Lin,

****^Biifonina.
BuFo, Laur.

Body ovate
; back convex ;

skin warty / paratoids porous.
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distinct; toes attenuated; head rounded, confounded with the

iody ;
mouth toothless.

*
*B. vulgaris, Lmir, Rana Bufo, Lin. O. nasutus. Spice,

**Head beaked. Oxyrhychus, Wagler.

My late friend Dr. Kuhl has noticed another genus of this

family under the name of Occidogynaj but he only observes that

the body is regularly oval, and that the hind legs are peculiar
and intermediate between the frogs and toads.

Order 2. Urodela, Dum, Caudata, Oppell. Pseudosaurii,
Blainv. ^

Fam, II. Salamandridje.

Body subcylindrical, long ;
feet four, short

;
tail distirfct ;

sternum and clavicles none. Larva with four feet; branchia

turfted, three on each side exposed, supported by cartilaginous

rings, covered by a membranaceous operculum.

1. Salamandra, L«?/r, j-^
Tail round

; paratoids porous ;
toes 4-5. *

vfff?/53

-S. maculosa, La2/r, Lacerta salamandra, Lin,

2. Triton, Lam\ not De Montf, Triturus, Rqfinesqne.

Molge, Merrem.
Tail compressed ; paratoids none

;
toes 4-5.

The axolotle appears to be the larva of an animal ofthis genus,

although Sir E. Home has discovered that it contains eggs, fdr,

according to Baron Cuvier, they are- to be found in the tadpoles.
The Sirex opercularis of Beauvois (Phil. Trans. Philad.) and th6

Proteus New Csesariensis oi Green (Jour. Acad. Nat. Sci. Phil.)

appear also to be larvae. The Trois doigts of Lacepede is said

to be a true lizard. Latreille formed the genus Idiytheosaurm
of the larvsD of this genus.

§11. Not nndergoing any transformation ; gill none or perma-
nent ; eyelids tivo; spiracules distinct , Amphipneusta.

Order 3.—Sirenes, Lin,
Fam. III. STRENIDiE.
Branchia persistent. Skull formed of several distinct bones';

body compressed ; legs two or four,

^ Gillflaps distinct, Proteina.
Hy PC CHTHO N, ifeTerrer/z. Proteus Xawr. not ilfw//er.

Legs four
;
toes 3-2

;
branchia three on each side, fringed ;

body subdepressed ;
tail compressed, linned ;

muzzle depresseil,

long ; jaws with teeth.

H. Laurentii, Merrem. Proteus anguinus, Laiir. rept, 37,
t. 4, f. 3. Cuvier, Humboldt, Obs. Zool. i. 119. Rusconi, Anat,

Laurentii included in his genus th^ Axolotle, aiiid the larva of
a species of Triton* .;

-



^\6 Mr, Gray on the Gen&a of Reptiles » [Sept*.

MfiNOBRANCHUs, Havlafi. Necturus, Raffumque.
Legs four; toes 4-4

;
branchia three on each side

; body sub-

depressed ; tail compressed ; muzzle truncated, depressed ;
two

rows of teeth in the upper and one in the lower jaw.
M. Sayii, nob. Above brown, with irregular black spots, and

a black band arising from the nostrils passing through the eye,
and dilated on the sides, becoming obsolete at the tail.

Triton lateralis, Sai/y James, Travels, i. 303 ; and Anatomy,
Jour, of Nat. Sci, Phil, iii ; Siren, Barton ; Proteus, Micdiell,
Silliman's Journal, ly..; Siren lacertina, Scluieid. H. Amph.i.AS.
Le Comtc, 1. c. 57

; Menobranchus lateralis, Ilarlan Acad.
N, S, Phil. iv.

; Necturus maculatus, Rajfinesquc, Ami, Nat.?

Icon, Acad, Nat. Sci, Phil. iv. t. xxi.

Inhabit. Ohio, North America.
Mr. Say, in his description of this animal, pointed out the

necessity of, and the character by, which this arjmal should be

distinguished from Triton and Proteus.
M. tetradactyUis. Two rows of teeth in each jaw, a dupli-

cature of skin forming a collar just before the
gills.

Le tetradactyle, Lacepede, Ann. Mas. x. M, tetradactylus,
Harlan, 1. c.

This animal is considered by Mr. Say to be a larva.

'^'^

Operculum none, Serenina.

Siren, Lin,

Legs two, anterior; toes fiye ;
branchiae throe on each side,

tripinnatiful ; operculum none
; spiracules three

; body long,

subcylindricul ;
tail compressed ;

head rounded
;

teeth in the

jaws and palate ?

S. lacertina, Lin. Mura^na Siren, Gmelin, S. N. i. 1136;
Mud. Iguana, Ellis, Phil. Trans, t. vi. LSO. Siren, Pennant,
Arctic Zool. ii. 335.? Siren, Camper, in Berl. Naturf. viii. 482.

Cuv, liumb. Obs. Zool, i. 98. Anat.

PSEUDOBRANCHUS.
"Legs two, anterior; toes three; body suboylindrical ;

tail

compressed ; spiracules three, furnished with a ileshy trilobate

covering (branchia), the lobes entire and naked
;
teeth none."

P. striata. Siren striata, Le Conle, Ann. Lyceum Nat, Hist.

New York, i. 54, t.4.

Mr. Le Comte has the idea that neither the Siren nor this

animal breathe by the lateral appendages usually called gills,
which he thence considers as the covers of the spiracules.

Fam. IV. AMPHiuMiDiE.
Branchia none; skull formed of a solid bony substance

; gill

flaps open during life
j body subcylindrical ;

tail compressed ;

legs four.
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1. AbRANCH us, /iar/a;/. Protonopsis, Barrow ?

Legs four, strong ;
toes 4-5

;
the outer edge of the feet

frhiged ;
the outer toes of the hind feet pahiiated.

A. alleganensis, Harlan Journal Nat. Sci. Phil. iv. Sala-

mandra gigantea. Barton's Account of Siren Lacertina^ p. 28.

S. alleganensis, Latr. Kept. ii. 253. Ivlolge gigantea, Merrem,

187, not Larva. Hell bender, Ohio.

Lihab. Lakes of North America.

, 2. Amp II IUM A, Garden. Chrysodonta, Mitchell

Legs four, boneless
;
toes 2-2, outer longest ; body subcylin-

drical; tail end compressed; teeth one row in each jaw, and
two in the palate.

Amphiuma Means, Garden. Letter to Ellis, in the Corres-

pondence of Linnceus, I. 399, to Linnaeus, 1. c. i. 333. Sireni

similis, Linnceus's Letter to Garden. Siren Lacertina, Garden,
Amer. Acad.—R.Harlan, Jour. Acad. N. S.Phil.v'n. 54, (Ana-

tomy.) Phil. Mag. 1824. Chrysodonta larvae formis, N. Y.

Medical Reporter, i. 529. Inhab. North America.

Order 4. Apoda, Mensem. Pseudophidii, Plain.

Fam. V. C/ECiLiADiE.

Branchia none; head depressed, formed of a solid bony sub-

stance
;
teeth in the jaws and palate; legs none; bodycyhndri-

cal; tail short, blunt; anus round, nearly terminal.

1. CiEciLiA, Lin.

C. tentaculata, Lin. Ibiare, Lacepede.
So very little is known of this curious class of animals, that

it is impossible to say any thing with respect to the connexion
which exists between the families or orders; but that such
an affinity does exist must be obvious to every one who con-
siders the difficulty of distinguishing them. I have attempted to

bring together all the species that have been described of the

Siienidae and Amphisumidae, as Merrem (the last work published
on the species of Amphibia), describes only two of these animals.

It is to be hoped that Mr. Say and Dr. Harlan will continue

their researches, that have so much illustrated a group, which
has particularly attracted the attention of Ellis, Garden, Linnitus,

Cuvier, Schreiber, llusconi, and Sir Everard Home.
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Article VIII,

Influence of the Moon on Animal and Vegetable Economy^
By Mr. N. Mill.

(To the Editors of the Annals of Philosophy .)

GENTLEMEN, jiddington-square, Cambericell, Aug. 3, 1825.

The subject of the moon's influence has engaged but very
little of the attention of the philosophical world, and with the

exception ofthe theory of the tides, has been scarcely noticed. Its

influence in promoting and accelerating animal decomposition
is known only to a certain class of persons, not the most re-

nowned indeed for studying the doctrine of cause and effect,

or extending philosophical knowledge ; (namely), persons in

the Navy and Company's service
;
but who, nevertheless, are

sufficiently alive to interest. It is a fact well established and
authenticated by numbers of these gentlemen, who have ex-

perienced heavy losses thereby, that if an animal fresh killed,

be exposed to the full effulgence of the moon at certain seasons,
and in certain places, a very few hours only v/ill be sufficient

to render the animal so exposed a mass of corruption ;
whilst

another animal, not exposed to such influence, and only a fev/

feet distant, will not be in the slightest manner affected. It

would be impossible in the present imperfect state of our

knowledge of this luminary and its influence, to draw any just
conclusions from so few facts as have been collected upon this

subject; but it will be most desirable to accumulate them as

much as possible in order to deduce some accurate reasoning
from them

;
I therefore subjoin some facts which have come to

my knowledge of the highest practical importance to this

maritime nation; and the disclosure of which, I trust, will open
a field for investigation that has hitherto been uncultivated

and neglected. The influence of the moon on vegetation has

not altogether been unobserved, because fruit when exposed to

moonshine has been known to ripen much more readily than

that which has not ;
and plants shut out from the sun's rays

and from light, and consequently bleached, have been observed

to assume their natural appearance if exposed to the effulgence
of the moon. These are also facts fully established, but from
which no rational theory has been drawn. A very intelligent

gentleman, named Edmonstone, who was for nearly 30 years

engaged in cutting timber in Demerara, and who had made a
number of observations on trees during that period, has done
me the favour to give me explicit answers to a series of queries
which I presented for his inspection; and which, I doubt not,
will be appreciated as they merit, 1 shall present them iu

detail with the answer to each.
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Question.— 1st. Influence of the moon on vegetation?
Armoer.—I have paid but httle attention to the moon's in-

fluence on any thing exposed to it but trees ;
the moon's in-

fluence, however, on these is very great. So observable is this,

that if a tree should be cut down at full moon, it would imme-

diately split,
as if torn asunder by the influence of a great ex-

ternal force applied to it. This separation of its parts takes

place, I presume, owing to the immense quantity of juice
which is contained in the body of the tree, in consequence of

this, trees cut at full moon are of comparatively little use
;
in a

very short time after being cut down, they are attacked by a

moth somewhat similar to what is often found in American
flour. Trees cut down at this season are likewise attacked

much earlier by the rot, than if allowed to remain to another

period of the moon's age.
Question.—2nd. The nature of the trees?

Answer.—It is impossible to give in this small space a state-

ment of the different trees to be met with in the West India

Islands and our Colonies in South America. They are as

different as those are Vi^hich we have in our own country, indeed

by far more numerous.

Question.—3rd. If evergreens ?

Answer,—All the trees in those countries may be stiled

evergreens, as there is a constant succession ofleaves upon them
all.

Question.—4th. Their names ?

Answer.—With the scientific names of the various trees to be
found in our colonies in the West Indies and South America, I

am unable to supply you. The names given to the most of

tbem are Indian names applied to them by the natives.

. Question.—5th. If usually cut at particular or in all seasons?
' Answer.—The trees intended to be appKed to durable purposes,
are cut only during the first and last quarters of the moon, for

the reasons mentioned in the ansvver to question 1 .

Question.—6th. If the sap rises during the absence of the

moon, or during its efl'ulgence?
Answer.—The sap rises to the top of the tree at full moon,

and falls in proportion to the moon's decrease.

Question.—7th. Whether common to all trees or only to

certain species?
Ansiver.—The influence of the moon over the rising and

falling of the juice of trees is common to all the species of trees

with which I am acquainted. I had occasion to observe these

effects in the experience of 30 years amongst the various kinds
of wood with which the colonies of South America abound.
From this statement, it appears obvious, that trees cut at the

fall of the moon will
sj^lit as if torn asunder by great external

force; that they are more liable to the attacks of worms ; that
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they are attacked much earlier ht/ the rot ; and that the sap rises

to the top of the tree at full moouy and falls in proportion to the

moon's decrease ; and this effect
is common to ail species of trees

with which this gentleman was acquainted.
It will be perceived that these observations are confined to

the continent of South America and islands adjoining; but if

the moon has a correspondent inttuence in other countries,

(which there is no reason to doubt) and this gentleman's ob-

servations be correct, the practical importance of them in

felling timber deserves the utmost thanks from those persons
who are in any way interested in practices of this kind, as well

as from society at large.

Article IX.

Analyses of Books.

^Philosophical Transactions of the Royal Society of London, for
182'4. Part 11.

{Concludedfrom p. 65.)

XVI. A Comparison of Barometrical Measurement with the

Trigonometrical Determination of a Height at Spitzhergen. By
Capt. E. Sabine, FRS.
An account of the results of this comparison will be found in

the Annals for May, 1824, p. 385.

XVII. Experimental Inquiries relative to the Distrihutioji and

Changes of the Magnetic Intensity in Ships of War. By George
Harvey, Lsq. : communicated by John Barrow, Esq. FRS.
We should not be able to give our readers an adequate idea

of the results of these inquiries, occupying above forty pages of

the Transactions, in the confined space we could devote to the

subject, and must, therefore, refer them to the paper itself.

This we must also do, and tor the same reason, with respect to

another valuable paper by Mr. Harvey, mentioned below, but of

which a short notice has already appeared in the Annals.

XVIII. Experiments on the Ela6ticitij and Strength of Hard
and

Soft
Steel. In a Letter to Thomas Young, MD. For. Sec.

RS. By Mr. Thomas Tredgold, Civil Engineer.
" If a piece of very hard steel be softened," Mr. Tredgold

states, addressing Dr. Young,
"

it is natural to suppose that the

operation will produce a corresponding change in the elastic

power, and that the same load would produce a greater flexure

m the soft state than in the hard one, when all other circum-

stances were the same. Mr. Coulomb inferred from some com-

parative expeiiments on small specimens, that the state of
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temper does not alter the elastic force of steel; and your Expe-
riments on Vibration led to the same conclusion (Nat. Philos,

ii. 403). But the subject appeared to require further investiga-

tion, and particularly because it afforded an opportunity of ascer-

taining some other facts respecting steel, which had not been,

before examined.
" In making the experiments which I am about to describe,

each bar was supported at its ends by two blocks of cast iron...

These blocks rested upon a strong wooden frame. The scale

to contain the weights was suspended from the middle of the

length of the bar, by a cylindrical steel pin of about fths of an
inch in diameter. And as in experiments of this kind it is desi-

rable to have the means of raising the weight from the bar, with-

out altering its position, in order to know when the load is;

sufficient to produce a permanent change of structure, I have a.

powerful screw with a fine thread fixed over the centre of the;

apparatus, by which the scale can be raised or lowered, when
the cords on which the screw acts are looped on to the cross piit

by which the scale is suspended.
'* To measure the flexure, a quadrantal piece of mahogany is.

fixed to the wooden frame
;
two guides are fixed on one edge of

the mahogany, in which a vertical bar slides, and gives motion,

to an index. The bar and index are so balanced, that one end.

of the bar bears with a constant pressure on the specimen, and
the graduated arc over which the index moves is divided into

inches, tenths, and hundredths
;
and thousands are measured by

a vernier scale on the end of the index. There is a screw at

the lower end of the vertical bar, by which the index is set to

zero, when necessary.
"The first trials were made with a bar of bhstered steel of a

very good quality. It was drawn out by the hammer to the

width and thickness I had fixed upon, and then filed true and

regular. It was then hardened, and tempered to the same

degree of hardness as common files.
** The total length of the bar was 14 inches; the distance

between the supports 13 inches
;
the breadth of the bar 95

inches, and the depth 0-375 inches
;
the thermometer varied

from bb'^ to 57° at the times of trial.

lbs. inches.

" With a load of 54 the depression in the middle was 0*02

82 0-03

110 0-04

The last load remained on the bar some hours, but produced no

permanent alteration of form.
"

riie temper of the bar was then lowered to a rather deep
straw yellow, and it was tried again ;

when the same loads pro-
duced exactly the same flexures as before. v ..^
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** The temper was then lowered till the colour was an uniform

blue, or spring temper ; and the trials were repeated with the

same loads
;
but the flexures were still the same.

" It was now heated to redness and very slowly cooled. In

this state the same loads still produced the same flexures
; and

the load of 1 10 lbs. caused no permanent change of form.
" The bar was hardened again, and made very hard

;
in this

state the same loads produced the same flexures ; and

lbs. inches.

with a load of 300 the depression in the middle was 0*115

360 0-130

580 broke.

When the bar was relieved from the load of 350 lbs. it retained

a permanent flexure of 0*005 inches, which increased to 0*01

with the addition of.lO lbs. to the load.
*' 1 found that a bar ofmuch greater length might be tempered

without difficulty, and therefore had another bar made of the

same kind of steel; the length of which being 25 inches, about
double the flexure could be given with the same strain upon the

material, and therefore any small degree of difference in the

elastic force might be more easily detected, for the preceding

experiments are sufficient to show that if there be any dilference,
it must be extremely small.

'' The breadth of this bar was 0*92 inches
; the depth 0*36

inches ;
and the distance between the supports 24 inches. It

was soft, so as to yield easily to the file.

• lbs. inches.

^' With a load of 18*6 the depression in the middle was 0*05

37*0 0*10

47*0 0*127

The bar was then hardened, so that a file made no impression
on any part of it, and the same loads did not produce flexures

that were sensibly different from those in the soft state.
" I then lowered the temper till it assumed an uniform straw

colour; when
lbs. inches.

with a load of 47 the depression in the middle was 0*127

85 0*230

130 0*350

160 0*400

The load of 160 lbs. produced a permanent set of 0*012, but

130 lbs. produced no sensible effect. The loading was conti-

nued, and
lbs. inches.

with 185 the depression in the middle was 0*50

385 1*04
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When 385 lbs. had been npon the bar about a minute, it emitted

a faint creaking sound, and consequently I ceased to add fresh

weights ;
in about fourteen minutes the bar broke, exactly in the

middle of the length.
" On comparing the fractures of the specimens, there was no

apparent difference except in colour. The grain was fine and

equal ;
the small sparkles of metalhc lustre abundant, and

equally diffused ; but in the harder specimen they had a whiter

ground.
'* From these experiments it appears that the elastic force of

steel is sensibly the same in all states of temper.
^' The height of the modulus of elasticity, calculated by the

formula you have given in your Nat. Phil. (vol. ii. p. 48) is.

According to the first experiment 8,827,300 feet.

And according to the second experiment . . 8,810,000

" Now the height of the modulus, as you had determined it

for steel by Experiments on Vibration, is 8,530,000 feet (Nat.
Phil. ii. p. 86). The modulus for cast steel calculated from
Duleau's experiments (Essai Theorique et Experimental sur le

Per forge, p. 38) is 2,400,000 feet, and for German steel

6,600,000 feet.
" The force which produces permanent alteration is to that

which causes fracture in hard steel, as 350 : 5^
;
or as 1 : 1*66

in the same steel of a straw yellow temper as 150 : 385, or as

1 : 2-56.
" When the tension of the superficial particles at the strain

which causes permanent alteration is calculated by the formula

given in my Essay on the Strength of Iron, p. 146, 2nd Edition,
it is 45,000 lbs. upon a square inch in tempered steel ; and the

absolute cohesion 115,000 lbs. Mr. Rennie found the direct

cohesion of blistered steel to be 133,000 lbs. (Philosophical
Transactions for 1818.)

*' But in the very hard bar, the strain which produced perma-
nent alteration was 51,000 lbs. for a square inch, and the abso-
lute cohesion only 85,000 lbs.

^' From these comparisons I think it will appear, that in the

hardening of steel, the particles are put in a state of tension

among themselves, which lessens their power to resist extra-

neous force. The amount of this tension should be equal to the

difference between the absolute cohesion in different states.

Taking Mr. Rennie's experiment as the measure of cohesion in

the soft state, it will be 133,000 - 115,000 = 18,000 lbs. for

the tension with a straw yellow temper ;
and 133,000 — 85,000

= 48,000 lbs. for the tension in hard steel. And if this view of
the subject be correct, the phenomena of hardening may be

explained in this manner, which nearly agrees with what you
have observed in your Lectures, I, p. 644 ; after a piece of steel
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has been raised to a proper temperature, a cooling fluid is

applied capable of abstracting heat more rapidly from the sur-

face than it can be supplied from the internal parts of the steel.

Whence the contraction of the superficial parts round the central

ones which are expanded by heat
;
and the contraction of the

central parts in cooling, while they are extended into a larger

space than they require at a lower temperature, produces that

uniform state of tension, which diminishes so much the cohesive

force in hard steel. The increase of bulk by hardening agrees
with this explanation ;

and it leads one to expect, that any other

metal might be hardened if we could find a means of abstracting
heat with greater velocity than its conducting power."
XIX. A short Account of some Observations madeivith Chrono^

meters, in two Expeditious sent out by the Admiralfj/, at the

Recommendation of the Board of Longitude^ for ascertaining the

Longitude of Madeira and of Falmouth. In a Letter to Thomas

Young, MD. For. Sec. RS. and Secretary to the Board of Lon-

gitude. By Dr. John Lewis Tiarks.

Dr. Tiarks terminates this article with the following summary
of the ultimate results he has obtained :

—
" From the foregoing observations we may now conclude,

that the longitudes laid down in the account of the Survey will

deviate from the truth, in the same proportion in which the paral-
els of latitude on a spheroid, having the degree of the meridian
in latitude 50° 4V equal to that of the earth, and the ellipticity

-^-f^ differ from thoFe of the terrestrial spheroid, the compression
of which is nearly -j-f^. The following comparisons will further

illustrate the subject. If the radius of the Equator be =3486908
fathoms, and the semi-axis of the earth = 3475550 fathoms,
which is nearly the result of the measurements in France, and

Bouguer's in Peru, and corresponds to the compression -j-^, the

length of the degree perpendicular to the meridian in latitude

50° 41'' will be 60975*7 fathoms. For the spheroid adopted in

the Survey, that degree is found 61,182 fathoms. The ratio of

these numbers is 296 : 297, and the correction of the longitudes
would be ^75-; the same correction is, by the clironometrical

observation, rj-^. The length of the geodetical line BD, sup-

posing the difference of longitude as determined in the account
ofthe Survey, viz. 1° 26' 47^-93", would be 33S231 feet; whereas
it was found to be 339397*6 feet; but if the longitude be
increased in the ratio determined by the chronometers, the line

will be 339334 feet, which is only ()S'6 feet short of the measure-
ment. The spheroid resulting from the compression which
would make the difference of longitude of B and D= 1° 27' 4*75?'

(as it ought to be according to the results of the chronometers),
and from the degree of the meridian in latitude 50° 4 1', viz.

60851 fathoms, would have these dimensions : radius of the

JEquator
= 3487907 fathoi^isj semi-axis ::;= 3476687 fathoms;
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compression ^, The results of the chronometrical observa-

tions are therefore as much as could be expected in accordance

with the correct determinations of the figure of the earth."

XX. Of the Effects of the Density of Air on the Rates of
Chronometers. By George Harvey, FRSE. &c. : communicated

by Davies Gilbert, Esq. VPRS.
See above

;
and Annals for May, 1824, p. 392.

XXI. A Letterfrom L. W. Dillwyn, Esq. FRS. addressed tcr

Sir Humphry Davy, Bart. PRS.
We gave in our seventh volume, p. 177, Mr. Dillwyn's former

letter on the interesting subject of the geological distribution of

fossil shells, and the facts in the history of the creation which it

indicates : we now extract his present communication.
"

I beg leave to offer to the Royal Society some further obser-

vations on the relative periods at which different families of

testaceous animals appear to have been created, and on the

gradual approximation which may be observed in our British

strata, from the fossil remains of the oldest formations to the

living inhabitants of our land and waters.
" The series of strata beginning with transition lime and

ending with has, contains shells belonging to various genera of

conchifera, cephalopoda, annehdes, and herbivorous tracheli-

poda; and also some other shells, as for instance, the multilocu-

lar and spiriferous bivalves, which cannot be referred to either

of those natural orders, or groups of genera, into which all the
other testacea, both recent and fossil, have been divided. In
the simple bivalves belonging to these strata, the marks which
best serve to distinguish their families are generally obliterated,
and but little more can with any certainty be observed, than that

the two orders into which Lamark has divided them, have
existed together throughout every formation from transition

rocks to the present day. An examination of the few perfect

specimens which I have met with, however, leads me to suspect
that all the dimyaria of these strata have the ligament external,
and consequently, that internal ligaments were confined to the

monomyairia, till after the lias had been deposited." In the secondary beds above the lias, all the shells may be
referred to some of our now existing orders of animals, and the
extinction of the unknown orders is immediately followed by the

first appearance of another order of mollusca, to which Lamarck
has hmited the name of gasteropoda, and, as was first suggested
to me by Mr. Miller, all those fossils of the older strata, which
have been supposed to be inside and outside casts of patellso,
were obviously formed in the concave sides of the vertebra, or

by the intervertebral cartilages of a fish. As a fe>v of the carni-
vorous trachehpoda are said to have been found in the oolites,
their first appearance may probably be referred to the same

epoch ; but 1 have not myself been able to detect either of the
2^ew Series

y \i.n.. yi, q
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families of this section of trachelipoda in any secondary bed>
excepting the denuded tracts of green sand in Devonshire ; and
there, perforations exactly similar to those which abound among
tertiary and recent shells are also of frequent occurrence,
although I have never met with any such perforation in any
other secondary formation, nor even in any of those regular beds
of green sand, which actually underlie the chalk in other coun-
ties. I am not enough of a geologist to decide, as to whether

any admixture of secondary and tertiary fossils may possibly
have taken place when these denudations were made, but I can
in no other way account for the fact, that all the species which
have been perforated, as well as the carnivorous trachelipodes
themselves, are nearly similar to those of the London clay ; and
I have never been able to find any such perforation in either of
those species which are found in the more regular beds of green
sand, and which are sometimes mixed with them. These per-
forations may be readily distinguished from those more oblique
and lateral burrowings which are often found in secondary fos-

sils, and are always conveniently formed for suction by being
broadest in the outer surface, and go straight through that part
of the shell which is immediately over the animal

;
whereas in the

latter the holes are cylindrical, and much more resemble the
indiscriminate burrowings which are common in recent oyster
shells.

" In my former Letter, which the Royal Society has done me
the honour to publish in the Philosophical Transactions of last

year, I have pointed out some of the changes which took place

immediately after the chalk formation was completed ;
and of

the British strata it may be further observed, that it is only in

the tertiary beds that any traces of the cirrhipeda, or of any of
the families of naked mollusca have been found. The beak,
which has been figured by Blumenbach, and which among the
fossils of the has is mentioned by Conybeare and PhiUips as the

beak of a sepia, belonged, as I think, unquestionably, to the

cephalopode animal of an ammonite
; and it sufficiently resem-

bles the lower mandible of the parrot-like beak which Rumphius
has described of nautilus pompilius. As might be expected, if

these mandibles, or rather casts of mandibles, belong to the

ammonites, they differ generically in shape from those of every
living genus of cephalopoda which has been figured or

described, and I have found them in all those beds
; and, so far

as 1 can ascertain, they have been discovered in those beds only
of the lias, lower oolite, and chalk, which contain the larger
ammonites. From the greater tenuity of these beaks in the

smaller species, they may probably have yielded to pressure,
and decay before the mud which filled them had become sufli-

ciently hard to retain their shapes ;
and as the lower mandibles

of the cephalopoda are always much larger and thicker than the
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Upper Gftes, the non-appearance of any of the latter may be
accounted for in the same way. The sepiae are moreover fur-

nished with one of those thick dorsal plates which are commonly
called cuttle-fish bones, and most, if not all the other sepiadse,
contain an internal horny substance of the same nature, which
is generally at least as thick and durable as the mandibles

; and
if th6 fossil beaks of the secondary strata belonged to this

family, then, in all probabihty, some of the dorsal plates would
be found with them; but nothing ofthe kind has been discovered
in any older British stratum than the London clay. So far from

being able to detect any traces of the naked mollusca, 1 have
not been able to find, in the secondary strata, either of those
shells by which the animal is only partially covered, nor any of

those of the convoluta?, which necessarily change their shells at

different periods of their growth, and of which the animal must
therefore occasionally remain exposed, till a fresh coat of calca-

reous matter has been secreted. In my former Letter I have

stated, that all the marine spiiivalves of the secondary strata

belong to operculated genera, and these observations serve still

more strikingly to prove that, till the chalk deposits were com-

pleted, the mollusca, in our latitude, required a more perfect

protection either from their enemies, or from the surrounding
element, than afterwards became necessary." The same gradual approximation towards recent shells,
which may be traced in the older strata, is also carried on.

through the tertiary formations, and the affinity, which is com-

plete with respect to orders in secondary beds above the lias,

becomes further extended, and every tertiary shell may be refer-

red to some existing genus ; but though the approximation has

proceeded thus far in the London clay, yet all its immensely
numerous species are now extinct ;

and it is only in those upper-
rnost beds of crag, which lie between the London clay and our

present creation, that any fossil can be completely identified

with a living species : the shells which may be thus identified

are however mixed with many extinct species ;
and though the

fossils ofthe crab appear generally to have belonged to a warmer
climate than ours, yet their character is much less tropical than
those of the London clay, and in every respect they all approach
nearer to the present inhabitants of the British coasts.

"
I have already observed, that the shells ofunknown families

are confined to the beds below the lower oolite
;
and in all the

upper formations a relationship is completed between fossil and
recent shells in the following regularly approximating series. In
the secondary strata above the lias as to jiatural orders, in the
London clay as to genera, and partially as to species- in the crag." These observations refer exclusively to the animals of the

9th, 10th, 11th, 12th, and 13th classes of invertebrata in La-
marck's arrangement; and whether the same sort of regularly

q2
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approximating affinity can be observed in the other classes, I
' must leave it for those who are more conversant vv^ith them to

decide."

XXII. An Account of the Organs of Generation ofthe Mexican

ProteiiSy called by the rfatives AxolotL By Sir E. Home, Bart.

VPRS.
The author of this paper considers thatCuvier has proved that

the Proteus of Germany, as well as that of Carolina, are actually
animals in a perfect state, and not larvae. The discovery that

the vertebraj of the Mexican Proteus were cupped in the" same
manner as those of the two other species, had already convinced
him that it also belonged to the same tribe, and was conse-

quently an animal in a perfect state. To place this question,
however, beyond all doubt, Sir Everard obtained from Mr. Bul-

lock several specimens, having the organs of generation in a

developed state, brought from a Lake three miles from the city
of Mexico. The temperature of this lake is never below 60°,
and its elevation above the sea is 8000 feet : in the month of

June, the Protei are so abundant in it as to form a principal part
of the food of the peasantry. Three plates of these animals,
with dissections of their generative organs, are given from draw-

ings by Mr. Bauer. The female organs in their developed state

are beautifully shown, and there is every probabihty, from the

appearance of the ova contained within them, that they pass out

singly.
XXIII. An Account of Experiments on the Velocity of Sound,

made in Holland, By Dr. G. Moll, Professor of Natural Philo-

sophy in the University of Utrecht, and Dr. A. Van Beek : com-
municated by Capt. H. Kater, FRS.

In our next number we shall give an abstract of these import-
ant and accurate experiments; together with remarks on the

questions involved in the subject of the velocity of sound, and on
some late investigations of them
XXIV. A Catalogue of nearly all the principal fixed Stars

between the Zenith of Cape Town, Cape of Good Hope, and the

South Pole, reduced to the 1st of January, 1824. By the Rev.

Fearon Fallows, MA. FRS.
The nature of this first contribution to science from the new

Observatory at Cape Town, renders it, of course, unsusceptible
of abbreviation. The same may be said of the concluding

paper in the volume
;

viz.

XXV. Remarks on the Parallax of a Lyrre, By J. Brinkley,
DD. FRS. Andrew's Professor of Astronomy in the University
of Dublin.
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Article X.

Proceedings of Philosophical Societies*

GEOLOGICAL SOCIETY.

JuneS.—A paper was read, entitled " Remarks on Quadru-

peds imbedded in recent Alluvial Strata. By G. Lyell, Sec. GS."
In a former communication to the Society, the author had

stated that he had found it difficult to explain the circumstances

under which the remains of quadrupeds were very generally-
found imbedded in the shell marie in Scotland, often at consi-

derable depths, and far from the borders of those lakes in which
the marie is accumulated.

These animals must have been drowned when the lakes were
of a certain depth. Their bones are found in the marie unaccom-

panied by sand or gravel, or any proofs of disturbing forces.

From the shape of the surrounding land in some instances, it

appears that floods could not have swept them in, and from the

occasional absence of rivers flowing into others, they could not

have been washed in by them.
The author, therefore, suggests that they were lost in attempt-

ing to cross the ice in winter, the water never freezing sufficiently
hard above the springs to bear their weight, and springs abound-

ing always in those lakes in Forfarshire and Perthshire in which
marie is deposited.
The skeletons of some of the animals found in the shell marie

in Forfarshire are in a vertical position, but some are not. The
same circumstance has been remarked with regard to the elks

occurring in the marie in the Isle of Man. Of these facts Mr.

Lyell offers the following explanation.
Cattle which are lost in bogs and marshes sink in and die in

an erect posture, and are often found with their heads only

appearing above the surface of the ground. When, therefore, a

lake in which marie is deposited is shallow, the quadrupeds
which fall through the ice sink into the marie in the same man-

ner, and perish in an upright posture, but when the lake is deep,
and the animals are dead before they reach the bottom, they
become enveloped in the marie in any position rather than the

vertical.

June 17.—An extract of a letter was read from John King-
dom, Esq. : communicated by Joseph Townsend, Esq. FGS.

Mr. Kingdom mentions in this letter the situation in which
certain bones of a very large size, appearing to have belonged to

a whale and a crocodile, were lately found completely imbedded
in the oolite quarries, about a mile from Chipping Norton, near

Chapel House,
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A paper was also read, entitled "
Observations, &c. on a

Walk from Exeter to Bridport." Mr. Woods, in this com-
munication, describes the nature of the soil in the neigh-
bourhood of Exeter, and the strata exhibited in the cliffs

and on the sea shore between that city and the east side of

Bridport Harbour.

Article XI.

SCIENTIFIC NOTICES.

Chemistry.

1. Formation of Ammonia.

Mr. Faraday has lately published in the Journal of Science,
an account of some experiments on the formation of ammonia

by the action of substances apparently containing no azote
;
he

states his belief, however, that the results depend upon the

difficulty of perfectly excluding azote, and the extreme delicacy
of the test of its presence afforded by the formation of am-
monia. The principal experiments performed by Mr. Faraday,
we shall give nearly in his own words :

—
" Put a small piece of clean zinc foil into a glass tube closed

at one end, and about one-fourth of an inch in diameter; drop a

piece of potash into the tube over the zinc;, introduce a slip of

turmeric paper slightly moistened at the extremity with pure
water, retaining it in the tube in such a position that the wetted

portion may be about two inches from the potash ;
then holding

the tube in an inclined position, apply the flame of a spirit lamp,
so as to melt the potash that it may run down upon the zinc,

and heat the two whilst in contact, taking care not to cause

such ebullition as to drive up the potash ;
in a second or two,

the turmeric paper will be reddened at the moistened extremity,

provided that part of the tube has not been heated. On re-

moving the turmeric paper and laying the reddened portion

upon the hot part of the tube, the original yellow tint will be

restored : from which it may be concluded that ammonia has

been formed
;
a result confirmed by other modes of examination."

The atmospheric being suspected to be the source of the

azote, the experiment was repeated on hydrogen gas, but the

same results were obtained. It was afterwards imagined that

the azote might be furnished by accidentally touching the

potash with animal or other substances containing azote
; and

as a proof of how necessary it is to avoid fingering the sub-

stances experimented upon, Mr. Faraday states the following

experiment:
—
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*' Some sea sand was heated red hot for half an hour in a

crucible, and then poured out on to a copper-plate, and left to

cool ; when cold, a portion of it (about 12 grains) was put into

a clean glass tube ; another equal portion was put into the

palm of the hand, and looked at for a few moments, being
moved about by a finger, and then introduced by platina foil

into another tube, care being taken to transfer no animal sub-

stance but what had adhered to the grains of sand : the first

tube when heated yielded no signs of ammonia to turmeric

paper, the second a very decided portion." As a precaution, with regard to adhering dirt, the tubes

used in precise experiments were not cleaned with a cloth, or

tow, but were made from new tube, the tube being previously
heated red hot, and air then drawn through it

; and no zinc or

potash was used in these experiments, except such as had been

previously tried by having portions heated in a tube to ascertain

whether when alone they gave ammonia.
^' It was then thought probable that the alkali might contain

a minute quantity of some nitrous compound, or of a cyanide,
introduced during its preparation. A carbonate of potash was
therefore prepared from pure tartar, rendered caustic by lime
calcined immediately preceding its use, the caustic solution

separated by decantation from the carbonate of lime, not allowed
to touch a filter or any thing else animal or vegetable, and
boiled down in clean flasks ; but the potash thus obtained^

though it yielded no appearance of ammonia when heated alone,

always gave it when heated with zinc.
" The water used in these experiments was distilled, and in

cases where it was thought necessary was distilled a second,
and even a third time. The experiments of Sir Humphry Davy
show how tenaciously small portions of azote are held by
water, and that, in certain circumstances, the azute may pro-
duce ammonia. I am not satisfied that I have been able to

avoid this source of error.

"At last, to avoid every possible source of impurity in the

potash, a portion of that alkali was prepared from potassium ;

and every precaution taken that could be devised for the ex-

clusion of azote ; yet, when a lamp was applied to the potash
and zinc, the alkali no sooner melted down and mingled with
the metal, than ammonia was developed ;

which rendered the

turmeric paper brown, the original yellow re-appearing by the

application of heat to the part.
'' f

*'
Still anxious to obtain a potash which should be unexcep-

tionably free from any source of azote, I heated (says Mr. F.) a

portion of potash with zinc, endeavouring to exhaust anything
it might contain which could give rise to the formation of am-
monia : it was then dissolved in pure water, allowed to settle,

the clear portion poured ofi* and evaporated in a flask by boil-
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ing ;
but the potash thus prepared gave ammonia, when heated

with zinc, in hydrogen gas."" Potash is not the only substance which produces this effect

with the metals and vegetable substances. Soda produces it;
so also, does lime, and baryta, the latter not being so effective

as the former, or producing the phenomena so generally. The
common metallic oxides, as those of manganese, copper, tin,

lead, &c. do not act in this manner.
" Water or its elements appear to be necessary to the experi-

ment. Potash or soda in the state of hydrates generally con-
tain the water necessary. Potash dried as much as could be

by heat, produced little or no ammonia with zinc
;
but re-dis-

solved in pure water and evaporated, more water being left in it

than before, it was found to produce it as usual. Pure caustic

lime, with very dry linen, produced scarcely a tmce of ammonia,
whilst the same portion of linen with hydrate of lime yielded
it readily,

" The metals when with the potash appear to act by, or ac-

cording to, their power of absorbing oxygen. Potassium, iron,

zinc, tin, lead, and arsenic evolve much ammonia, whilst

spongy platina, silver, gold, Sec, produce no eflect of the kind.

A small portion of line clean iron wire dropped into potash
melted at the bottom of a tube, caused the evolution of some

&mmonia, but it soon ceased, and the wire blackened upon its

surface
;

the introduction of a second portion of clean wire

caused a second evolution of ammonia. Clean copper wire, in

fused potash, caused a very slight evolution of ammonia, and
became tarnished."

Mineralogy.

2. SuIpIuito-lri-carbo)iale oJ'Lead,

M. Str.omeyer has lately examined the sulphato-tri-carbonate
of lead, whose composition was first pointed out by Mr. Brooke.
His results, which confu-m the conclusions of the latter gentle-

man, give, for the constituent elements of the mineral,

Carbonate of lead 72*7

Sulphate of lead 27*3

and it consequently consists of one atom of sulphate of lead and

three atoms of carbonate of lead, as previously determined by
Mr. Brooke.

3 . Hydrate of Magnesia .

A specimen of native hydrate of magnesia from Swinaness, in

Unst, examined by M. Stromeyer, gave
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Magnesia 66-67

Oxide of manganese 1*57

Protoxide of iron 1*18

Lime G-19

Water 30-39

100-00

4. Magnesite.

100 parts of magnesite, from Salem, in India, gave the same
accurate analyst :

Carbonic acid 51-83

Magnesia 47-88
Lime 0-28

Oxide of iron Trace

99-99

5. Seleniuret of Lead.

MM. Stromeyer and Hansmann have examined an ore from
the Laurence Mine, at Clausthal, which proves to be a seleniuret

of lead. The ore is combined with brown spar, and from its

imparting a smalt blue colour to glass, was supposed to contain

cobalt, and had been described under the name of cobalt hley-
erz, by M. Hausmann.

Externally, seleniuret of lead has a greater resemblance to

some varieties of galena than to any other substance, but its

colour is
peculiar,

and partakes more of a blue tint than even the

wasserblei of the German mineralogists (sulplmret ofmoluhdena).
It has a tendency to crystallization, but its crystalline form has
not yet been ascertained. The fracture is fine grained ;

lustre

metallic, not very brilliant. It is inferior in hardness to galena,
is not harsh to the touch, gives a dark streak, and retains its

metallic lustre after being rubbed
;

its specific gravity = 7-697.

It becomes negatively electrical by friction.

Seleniuret of lead t'usejs readily before the blowpipe, gives out
a powerful smell resembling that of rotten turnips, and becomes
covered with a brownish red crust, which is succeeded by a

coating of yellow oxide of lead. When the flame is directed on
the ore, a bright blue tint is developed ;

fused with borax it

gives a pale smalt coloured glass.
Heated in a glass tube by a spirit lamp, selenium sublimes,

exhaling its peculiar offensive odour, and the surface of the

glass becomes covered with a light sublimate of a brownish red.

colour. By heating the tube to redness, the ore fuses, but suf-

fers no other apparent change ;
but on continuing the heat, the

brownish red sublimate gradually disappears, and is succeeded

by a white, acicular crystalline substance, which attracts

moisture by exposure, and deliquesces. It reddens htmus paper
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strongly ;
becomes yellow by the action of sulphuric acid, and

red by sulphuretted hydrogen: hence it is similar to selenic

acid.

Cold nitric acid acts on seleniuret of lead, and after some time

the mass assumes a cinnamon red colour^ in consequence of the

separation of selenium, if the acid be heated, the whole of the

ore is dissolved, the selenium first separating in the form of red

flakes, which soon lose their colour, turn brown, and gradually

disappear. If the quantity of ore be in excess, the selenium

collects in brown flakes on the surface of the solution, which
sometimes assumes the appearance of an oily film.

The nitric acid solution has a pale reddish colour, derived from
a slight portion of cobalt ; but no other metal, besides lead and

cobalt, is contained in the ore
; neither is any trace of sulphur

detected by the action of nitrate ofbarytes.
The analysis of this ore gave M. Stromeyer per cent.

Lead 70-98

Cobalt 0-83

Selenium 28-11

99-92

6. Selenium in the Sulphur of the Lipari Isles.

Amongst the volcanic productions of the Lipari Isles, a sal

ammoniac is found combined with sublimed sulphur in alternate

white and brownish orange layers, the colour of the latter of

which has generally been attributed to iron. On examination,

however, heither tincture of galls, prussiate of potash, nor

ammonia, gave any indication of that metal, but sulphuretted

hydrogen gave a precipitate of orpiment, owing to the presence
of some arsenious acid.

When the sal ammoniac is dissolved in water, a brownish

yellow residuum is left, which fuses readily in a glass tube, and

affords an orange coloured sublimate. On hot coals it inflames,

and exhales at first a mixed odour of sulphur and arsenic, which

is succeeded by the peculiar offensive smell of selenium. By
digestion in nitric acid till the orange colour disappeared, a solu-

tion was obtained from which sulphate of potash threw down a

considerable quantity of a cinnabar coloured precipitate, possess-

ing all the characters of selenium ; and the solution afforded by
evaporation acicular crystals of selenic acid.

This discovery by M. Stromeyer of selenium amongst the vol-

canic products of the Lipari Islands, renders it probable that the

peculiar orange tint of the sulphur found in those islands pro-
ceeds chiefly from selenium, and not, as hitherto supposed, from

arsenic combined with the sulphur.
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7. Latrobife,

M. Gmelin, of Tubingen, has found the composition of the

mineral named Latrobite by Mr. Brooke, and described by him
in the Annals of Philosophy, vol. v, New Series, to be as fol-

lows :

'^,
Silica 44-653

Alumina 38-814

Lime 8-291

Oxide of manganese 3*160

Potash 6-575

t, 101-493

Zoology.

8. On the Teeth of the Koala, By J. E. Gray, Esq.

Ouvier, in his Animal Kingdom, only describes the cutting
teeth of the Koala. Blainville, in his Podomus of a new Distri-

bution of Animals, abridged in the ninth volume of this Journal,

describes the cutting teeth as -
upper middle longest, false

canine ;r^, crrinders, t-^ with four tubercles. Mr. F. Cuvier, in

his work on the Teeth of Mammalia, observes, that he has not
seen a skull of the Koala, but that it must doubtless be allied to

the Phalangers. I some time ago met with a skull of this

animal in the collection of the College of Surgeons, and I am
indebted to the kindness of Mr. Clift for allowing me to take a

description of it.

The skull short, compressed, and depressed, so as to be sub-

quadrangular. The temporal fossae large, the cutting teeth

-
upper, two front large, distant at the base, conversing dt the

apex, the rest small
;
lower large, approximating together at

the tip; canine teeth ^^, small conical placed on the suture of

the intermaxillary bone, grinders ^^ all with two fangs, the

front one on each side smallest, rather compressed; the rest

depressed, each with four acute tubercles.

Blainville describes his animal as chocolate brown, and Cuvier
and Goldfus as ash grey, the latter agrees with the five specimens
that I have seen. Whether this difference was occasioned by
Cuvier and Blainville describing two different animals, or by the

latter, in his hasty notes, having confounded it with the Wom-
bat in his description, I am not able to determine.

9. On the JJmhilicus of Marsupial Animals*

It has been generally thought that Marsupial animals are des-



236 Scientific Notices—Miscellaneous, [Sept.

titute of any umbilicus, and are only attached to the mother by
means of the mouth.

Geoffroy St. Hilaire has
lately

discovered in some specimens
of the foeti of Didelphh Virginiana preserved in spirits, which
had been taken from the mother by Dr. Barton very soon after

their introduction into the pouch, evident vestii^es of placentral

organisation, and of an umbilicus. They were only five lines

long, and already formed ;
in the two male which he examined

the umbilicus was large for the size of the animal, as it was also

in the female, and very distinct from the entrance of the pouch.
Mr. Geoffroy observes, that the series oftransformations com-

mon to all mammalia are Ovulum, Emhri/Oj and foetus. These
three stages of genital products require three distindt situations

which in the other mammalia are found in the sexual canal, but in

the Marsupialia they are very differently distributed throui;h in

aa equally continuous series. The ovulum and the embryo are

formed and developed in the sexual canal and the foetus out of it.

The womb is the third station in the mammalia, where the com-
mon foetus is incubated and nourished

;
and the Marsupium or

nursing pouch is for the same purpose in the marsupial animals.

The difference, therefore, consists only in the name of the last

part,
—(Ann. Sci. Nat. and Zool. Jour. i. 403.)

Miscellaneous.

10. A Method offixing Crayon Colours, By James Smithson, Esq.

(To the Editors of the Annals of Philosophy.)

GENTLEMEN, London^ Jug. ^3, 1825,

Wishing to transport a crayon portrait to a distance for the

sake of the likeness, but without the frame and glass, which

were bulky and heavy, I applied to a man from whom I expected
information for a method of fixing the colours. He had heard

of milk being spread with a brush over them, but I really did

not conceive this process of sufficient promise to be disposed to

make trial of it.

I had myself read of fixing crayon colours by sprinkling solu-

tion of isinglass from a brush upon them, but to this too, I ap-

prehended the objections of tediousness, of dirty operation, and

perhaps of incomplete result.

On thinking on the subject, the first idea which presented
itself to me was that of gum-water applied to the back of the

picture ;
but as it was drawn on sized blue paper pasted on can-

vass, there seemed little prospect of this fluid penetrating. But

an oil would do so, and a drying one would accomplish my
object. I apphed drying oil diluted with spirit of turpentine;
after a day or two when this was grown dry, I spread a coat of

the mixture over the front of the picture, and my crayon draw-

ing became an oil painting.
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Article XI I.

NEW SCIENTIFIC BOOKS.
PREPARING FOR PUBLICATION.

Dr. Shearman has in the press a work, entitled *' Practical Observa-

tions on the Nature, Causes, anu Treatment of Water in the Brain."

Sketches Political, Geographical, and Statistical, of the United
Provinces of Rio de la Plata, &c. 8vo.

JUST PUBLISHED.

Observations on Tetanus, illustrated by Cases in which a new and
successful Mode of Treatment has been adopted. By H. Ward. 5s,

Flora Conspicua. By Richard Morris, FLS. Royal 8vo. No. II.

Ss,6d.

Elements of Conchology according to the Linnaean System. By
the Rev. E. I. Burrow, FLS. &c. New Edition. 16^.

Military Medical Reports, containing Pathological and Practical

Observations illustrating the Diseases of Warm Climates. By James

M'Cube, MD. 8vo. Is.

Practical Commentaries on the present Knowledge and Treatment
of Syphilis, with coloured Illustrations of some ordinary Forms of that

Disease. By Richard Wellbank. 8vo. Is. 6d.

Directions for drinking the Cheltenham Waters. 12mo. 2s, 6d,

Article XIII.

NEW PATENTS.

C. Friend, Bell-lane, Spitalfields, sugar-refiner, for improvements in

the process of refining sugar.
—

July 26.

J. Reedhead, Heworth, Durham, for improvements in machinery for

propelling vessels of all descriptions, both in marine and inland naviga-
tion.—July 26.

J. E. Brooke, Headingly, Leeds, woollen manufacturer, and
J. Hardgrave, Kirkstall, of the same place, woollen manufacturer, for

improvements in or additions to machinery used in scrubbing and

carding wool, or other fibrous substances.—July 26.

D. O.Richardson, kerseymere and cloth printer, and W. Hirst, manu-
facturer, both of Leeds, for improvements in the process of printing or

dyeing woollen and other fabrics.—July 26.

J, Kay, Preston, Lancashire, cotton spinner, for machinery for pre-

paring and spinning flax, hemp, and other fibrous substances, by
power.

—
July 26.

R. Witty, Sculcoates, Yorkshire, civil engineer, for an improved
chimney for Argand and other burners.—July 30.

J. Lean, Fishpond House, near Bristol, for a machine for effecting
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an alternating motion between bodies revolving about a common centre
or axis of motion; also certain additional machinery or apparatus (or

applying the same to mechanical purposes.-^July 30.

The Rev. W. Barclay, Auldcarc, Nairnshire, for an improved instru-

ment to determine angles of altitude or elevation, without the necessity
of a view of horizon being obtained.—July 30.

K. Badnall, Leek, Staffordshire, silk manufacturer, for improvements
in the manufacture of silk.—July 30.

S. Bagshaw, Newcastle-under-line, -Staffordshire, for a new method

off-manufacturing pipes for the conveyance of water and other fluids.—

Aug. 8.

G. Charleton, Maidenhead-court, Wapping, and W. Walker, New
Grove, Mile-end Road, Stepney, master mariners, for improvements
ia the building or constructing of ships or other vessels.—Aug. 10.

S. Lord, J. Robinson, and J. Forster, Leeds, copartners, merchants,
and manufacturers, for improvements in machinery for and in the pro-
cess of raising the pile on woollen cloths and other fabrics, and also in

pressing the same.—Aug. J L
W. Hirst, H. Hirst, and W. Heycock, woollen cloth manufacturers,

and S. Wilkinson, mechanic, Leeds, for an apparatus for preventing
coaches, carriages, mails, and other vehicles, from overturning.-—

Aug. 11.

J. Stephen Langton, Langton Juxta Partney, Lincolnshire, for an

improved method of seasoning timber and other wood.—Aug. 11.

J. Perkins, Fleet-street, engineer, for improvements in the construc-

tion of bedsteads, sofas, and other similar articles.—Aug. 11.

H. R. Fanshaw, Addle-street, London, silk embosser, for an im-

proved apparatus for spinning, doubling and twisting, or throwing silk.

—Aug. 12.

J. Butler, Commercial Road, Lambeth, for a method of making
coffins for the effectual prevention of bodies being removed therefrom,
or taken therefrom> after interment.—Aug. 12.

M. Lariviere, Frith-street, Soho, mechanicean, for a machine for

perforating metal plates of gold, silver, tin, platina, brass, or copper,

being applicable to all the purposes of sieves, hitherto employing
cither canvas, linen, or wire.—Aug. 15.

J. A. Taylor, Great St. Helen's, London, for a new polishing appa-
ratus for household purposes.

—Aug, 15.

C. Downing, Bideford, Devonshire, for improvements in fowling-

pieces and other fire-arms.—Aug. 15.

A. Schoolbred, Jermyii-street, St. James's, tailor, for improvements
on, or a substitute for, back stays and braces for ladies and gentlemen,

chiefly to prevent relaxation of the muscles.—Aug. 18.
' P. Taylor, City Road, engineer, for improvements in making iron^

—Aug. 18.
•

P. Williams, Leeds, and J. Ogle, Holbeck, Yorkshire, cloth manu-

facturers, for improvements in fulling mills, or machinery for fulling

and washing woollen cloths, or such other fabrics as may require the

process of felting or fulling.
—Aug. 20.
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Article XIV,

METEOROLOGICAL TABLE.
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REMARKS.

SeventJk MontJu—\. Showers. 2—5. Fine. 6. Cloudy, with showers, 7. Cloudy.

8—51. Fine, clear, and dry.

RESULTS.

Winds: N,5; NE, 4; E, 8; SE,3; S, 1 ; SW, 1 ; W, 3; N\V, 6.

Barometer : Mean height

For the month 30*229 inches.

Thermometer: Mean height

For the month 66-S87*

Evaporation 5*80 in.

Rain 009

*,* The very unusual height of the thennometer on several days of this month hav-

ing led me to examine the position of the instrument, I was induced to think that it

indfcated a higher temperature than that of the air, in consequence of radiation from

the dry and heated earth in the neighbourhood. To ascertain the extreme amount of

this error, I suspended a thermometer in a spot thickly shaded with trees, and overhang-

ing a river, so as to exclude the influence of radiation, and found it indicate 4° to 5°

lower on the days of the greatest heat—probably the real temperature of the air was

between these points.

Lahoratoryy Stratford^ Eighth Month^ 23, 1825. R. HO>VARD.
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Article I.

Observations on the Sipiojuma of the Genera Anomia, Crania

Orbicida, and Discina. By J. E. Gray, Esq. FGS. &c.

-\ (To tlie Editors of the Annals of Fhilosophy.)

y^.
GENTLEMEN, British Museum, Sept. 12, 1825.

: LiNNJLUS, ill his Systema Naturse, has formed a genus with
the following characters,

" Animal corpus hgula, emarginata
ciliata, ciliis valvulae superiori affixis: hrachiis 2, linearibus, cor-

pora longioribus, conniventibus, porrectis, valvultie alternis,

utrinqueciliatis, ciliis affixis valvulis utrisque. Te5^« ineequivalvis ;

valvula altera planiuscula, altera basi magis gibba, harum altera

S8epe basi perforata. Cardo edentulus, cicatricula lineari pro-
niinente introrsum dente laterali

;
valvules vero planioris in ipso

margine. Radii duo ossei pro basi animalis." This genus he
has called Anomia, a name most probably derived from the

specific titles of the Concha anomia of Fabius Columna, and
the Pectunculus anomius of Dr. Lester, which appear intended
to have been expressive of the inequality or dissimilarity of the

valves of those shells.

The above character of the animal agrees exactly with that

given by Cuvier to a group of Mollusca, which he cjills Bra-

chiopoda, from the belief of their ciliated arms being the

modified feet of the Conchophorus Mollusca
;
and the descrip-

tion of the shell, on account of the larger valve being said to

be gibbous and perforated in the hinder part, and the inside of
one of the valves being furnished with two bony rays, must have
been taken from one of those shells which Bruguiere has since

formed into a genus, under the name of Terebratula ; a word
most likely derived from Linnaius, who uses it as a specific
name for one of the species which belong to this section of his

genus.
Linnaeus, from not knowing the animal, has placed several

ISlew Series, vol. x, n
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species in his genus which recent observation has proved not to

agree with the characters that he has given to it. Thus A,
cramolaris has a similar animal, but has no teeth in its hinge,
and has consequently been formed into a genus, under the name
of Craniay by Bruguiere. A, spinay of which the animal is

unknown, has been equally separated into a genus called Flu-

giostama, by
Lamarck. The animal again of A, Ephiphium, A.

Cepa, A.EiectricUf A.squamu/a, and A.patelliformis, is very dis-

similar from that described by Linnaeus as appertaining to

Anomia. It is in fact most nearly allied to that of the oyster,
and is, therefore, what Linnaeus calls an Ascidia. To these lat-

terspecies, Bruguiere has retained the name of ^wo/wm, which is

much to be regretted, as had he studied the beautiful character
of Linnaeus, he would have found that that author did not intend
these species as the type of his genus ;

and there is little doubt
that had he known their animal, he would have placed them with
the Ostrecdj or have formed a new genus for their reception ;

there being no part of his system where he so rapidly increased
the number of his genera as in the Testacea, It is more to be

regretted that later conchologists should not have corrected this

error, but have let it continue so long, that although it errs

against one of the best laws of nomenclature, we are almost
inclined to allow it to remain without correction, for Bruguiere's
iiames have been in general use both by conchologists and

geologists, and consequently any alteration in them would
introduce much confusion into these delightful sciences. Still,

however, it is but proper to point out that the immortal Swede
was the first to describe with accuracy the curious animal of the

Brachiopodous Mollusca.

But I do not consider that the same line of conduct should be

pursued in the next case which I am going to state, where even

greater confusion has been caused by the haste to form conclu-

sions, and by little attention being paid to the characters given
by the original describers of genera.

Linnaeus, in his " Fauna Suecica/* has placed as the first

species of Aftomia, a shell, under the name of A. craniolaris ;

and here I may object to the opinion held by many persons,
that the first species of the genus is to be considered the type of

it. This may be the case in the works of Fabricius, but I

beUeve not so in those ofmost other authors. Linnaeus appears to

have referred this shell to the present genus, from it having
sometimes, as he describes, three holes in its lower valve ;

but

these holes are only the places where the adductor muscles of

the animal have been attached, which, being of a more brittle

texture, decay sooner than the rest of the shell, which is always
found in a fossil state. Bruguiere has formed this shell into a

genus under the name of Crania, from the similarity of the three

scars, or holes, to the apertures in a human skull that correspond
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with the eyes and nose of every subject. He has taken the
Linneean specific character as a generic one, or at least he
describes the lower valve as pierced with three holes. Lamarck
has adopted this genus, and referred to it a recent species,
which I believe to be the same, or very nearly related to the

following shell.

Muller, inhis excellent work, Zoologia Danicd^h^s described

a shell with the name of Patella anomala, which he afterwards

figured with its animal, and discovered that it was furnished
with an under valve

;
and yet for some unaccountable reason,

he still considered it as a Patella! Poli, in his superb work on
the shells of the Two Sicilies, figured a similar shell under the

name of Armmia turbinata^ referring it to this genus most likely
on account of the animal agreeing with the Linnsean character.

But as he always gave the animals a new generic name, he called

the present animal CriopuSj e»s he did that o( Anomia Epiphiiim,
Echion, Cuvier, from observing that the animals of these species
were similar to the Terebratula, and that the shell was soldered

to the rock immediately by the outer surface of the lower valve,
and not attached, as in the latter genus, by a tendon^ formed
them into a genus under the name of Orbicula, toking no notice

of the genus Crania of Bruguiere. The genus Orbiculahvis also

been adopted by Lamarck
;
but I believe that most persons, on

consulting the figures of Muller, Poli, Chemnitz, and of a shell

described by Montague, in the Linnsean Transactions, under the

name of Patella distortaj which has since been discovered to

have an attached under valve, and stated to be an Orbicula by
Blainville, will agree with me^ that these shells are all the same

(or two very nearly allied) species, and consequently that the

genus Orbicula must be expunged from the system, for it is

nothing more than a recent species of Crania.

Mr. G. B. Sowerby, in a paper read at the Linnaean Society
on March, 1818, entitled *^ Remarks on the Genera Orbicula and
Crania of Lamarck, with Descriptions of two Species of each

Genus, and some Observations to prove the P. distorta of Montague
to be a Species of Crania,*^ has described a shell which was
found on some stones which had been brought from Africa, as

ballast, and were used to repair the roads. This he considered
to be Orbicida Norvegica of Lamarck, who expressly stated that

the latter shell is attached by the soldering of the outer surface

of the lower valve to the rock, whereas Mr. Sowerby's shell is

affixed by means of a tendron passing through a slip in the disk
of the lower valve. This tendon he has called a foot

; but it

has no analogy with the foot of the animals of the bivalves; and
I believe is only a slightly modified adductor muscle. Some of
these shells having been sent to Lamarck, the latter formed thena

into a genus under the name of Discina, giving a very expres-
sive 2:eneric character, but being misled by receiving it fron

r2
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England, he considered it as found on the shores of our coast.
Mr. Sowerby's paper not having been printed till the publication
of the thirteenth volume of the Linnaean Transactions, which
was several years after the reading of the paper, and the volume
of Lamarck's History containing this shell appearing in the mean
time, he added as a note to his paper, that Lamarck had erro-

neously described his shell twice over, once under the name
ot Discina, and again under that of Orbicuiaj and he has pub-
lished the same opinion in his ^'

genera of shells." But with
this idea I am sorry that I cannot coincide, and more especially
so as Ferussac, in his Synoptic Table, and several others, have
taken Mr. Sovverby's ipse dixit for fact. To prove that the
Discina is not a species of Orbicula, it is only necessary to

inspect the beautiful plate by Mr. James Sowerby, which accom-
panies his brother's paper, and compare it with the figures of
Muller

;
and I believe that most persons will allow that Muller's

figures agree best in the form of the muscular impression with
the Crania, on the before-mentioned plate; and the slit in the
under valve could never have escaped the accurate eye ofMuller,
who has figured his shell with so much detail.

It appears to be the fate of this genus that it should be confused.

Blainville, in his article on Mollusca,just published, has divided
the genus Orbicula into two sections; 1. The adherent valve
not pierced, O. lavis, Soio. Lin. Trails, xiii. 2. The adherent
valve pierced, and provided with a compressed medial apophysis,
Discina, O. Norvegica, Sow. Lin. Trans, xiii. when it is only

necessary to consult the shells or plates, for the lower valves of
both are exactly similar, and oddly enough the true 0. Norvegica
of Muller is taken no notice of.

In accordance to these views, the genera before-mentioned

appear to require the following synonima;—
1. Anomia, Bruguiere.

Anomise Pars, Limutns.

Echioderma (Echion), PoH.

2. Te R E B RAT u L A , Jhifguiere,
'** Anomia, Linnceus.
'*

Criopidernia (Criopus), Poli.

To this genus may be added as subgenera Magus, Spirifer,
and perhaps l^roductus of Sowerby, and Gryphea of Megerle.

3. Cram A, Brnguiere.
Anoniiee pars, Linnaeus,

Patella species, Muller, Montague,
Criopidernia (Criopus), Poli.

Orbicula, Cuvier and Lamarck, not Sowerby nor Blainville.

Terebratula, Schweigger.

4. Discina, Lamarck,

Orbicula, Sotverbi/, Biainvilli,', not Lamarck.
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Article II.

Corrections in Right Ascension of 37 Stars of the Greenwich

Catalogue. By James South, FRS.
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Akticle III.

Analysis of an Alloy of Gold emd Rhodium from the Farting
House, at Mexico.^ By M. Andre Del Rio, Professor at the

College of Mines, and Member of the Institution of Sciences

at Mexico.t

In the year 1810, M. Cloud, Chemical Director at the Mint
in Philadelphia, discovered an alloy of gold and palladium in

two ingots of g^old from Brazil. I have found another alloy

here, containing rhodium, which, as yet, is unknown in Europe.
At this favourable era we may expect an infinite number of

discoveries, as the careful e"Xamination of a country so vast and

richly endowed by nature as this is, proceeds. I am surprised
that M. Cloud has not given in his analysis, either the specific

gravity of his alloy, nor the proportions of the metals of which
it is composed.

1. 199*2 grains of an alloy of gold, of this Parting House, of

the specific gravity, according to Citizen Jean Mendez, of 15*4,

left, after the action of aqua regia 1*28 of chloride of silver,

= 0'97 silver. The gold of one-fourth part of the solution was

separated by ether, when a galvanic current was observed,
which occasioned the ether sometimes to swim on the surface

of the aqua regia, as it naturally would do, and at others to

assume a position below it
;
a phenomenon deserving closer

investigation. Convinced that the gold was still alloyed with
some other metal, a brittle button was obtained by means of

borax which weighed 45*5 grains. This lost no weight by being
boiled with nitric acid

;
when fused with nitre in a small platina

crucible, a large quantity of the gold attached itself to the

platina, and, besides, an efflorescence, formed of very small

grains of a tin-white colour. The whole was treated with hot

water, which being decanted off", and the residuum washed, a

very heavy black powder remained, partly composed of very
short and thin needles, and also another lighter powder of an

olive-green colour. The filtered solution was yellow and black-

ened the filter, but on dying the colour became a clear olive-

green. The yellow solution, saturated with nitric acid, left a

cherry-coloured deposit, and gave with tincture of galls a dark

yellowish-brown precipitate ;
a proof that it was not osmium.

The black powder being separated from the gold by quick-

* From the Annales de Chimie. i rt i ?
'

^
-j-

This Memoir was communicated to M. de Humboldt, by M. Lucas Alartian, whose

singular merit is duly appreciated by the savans of Europe, and who is at present
Minister of the Interior of the Confederation of the Mexican States. M. del Rio, who
studied at Paris, Freiberg, and Schemnitz, is well luiown by his labours in analytical

chemistry, and by his Treatise, on Mineralogy and Geognostic Tables.—iV;«><e by the

French Editor.
fij,,,,^ \:dZ. ^.,,.Ai. , .. fci
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silver, was dissolved in muriatic acid, and the solution assumed

by boiling a fine orange colour. Citizen Mendez was unable to

reduce the green powder before the blowpipe, but he observed

that some specks detonated like nitre
;
a property of rhodium.

This green powder, which I wished to treat separately, by
transferring it with water from a capsule to a matrass, became
black a second time, and I added it to the red solution, and

boiled the whole afresh
; although it appeared brown whilst hot

it resumed its red colour on coolmg. Sal ammoniac threw down
from the concentrated solution, an orange-coloured powder,
which, separated by decantation and sufficiently washed, was
soluble in cold water, and still more so in hot, and gave by care-

ful evaporation an infinite number of orange-coloured crystals.

Being reduced alone, in the same crucible that was employed
before, the gold was covered with a tin-white, blistered coating
of rhodium.* By twice boiling potash and nitre in the same

crucible, with the addition of water, the whole of the gold was

exposed, and the lixivium saturated with sulphuric acid, gave
16 grains of the dark reddish brown deutoxide of rhodium,
from which deducting 2*14 for oxygen, there remain 13-86

grains of rhodium for tlie 45*5 grains of alloy employed, or 30-4

per cent. I must not omit to state that the potash made very
small holes in the crucible, and 131 grains of protoxide of pla-
tina were extracted from it, which were reduced in another

crucible of earthenware, as perfectly as the nature of the cru-

cible allowed.

The black powder was insoluble both in muriatic acid, and

aqua regia; solution of potash dissolved it in part, and the

residium gave many white metallic points by being heated with

tallow in a small crucible. As all the points were not equally

brilliant, the weight of the residuum was not added to the former

product ;
I afterwards reflected that I had not employed suffi-

cient heat, and that I ought to have added it just the same as

that which was dissolved by the potash.
2, The greater part of the acid of the remaining three-fourths

oJT tlie solution was distilled off, and the rest saturated with

amptt(6ma,' not added in excess. The orange-coloured precipi-

t{)i^ liost its red tint, and acquired a slight yellow ochre hue;

"iyherefdre, and because it became greenish by washing with

-(varm \v'ater, I concluded, although it detonated like fulminating

gold,' that it was not absolutely pure. In fact, 10 grains mixed

witKipil, and fused with borax, gave a little white buttont which

wa»/tDpt)rittle for pure gold, and internally had a whitish

1 1 was afterwards discovered that the blistered appearance was owing to the gold,

«-* it' it had endeavoured ta quit the platina to combine with the rhodium. The latter

always remained white—was that owing to the platina ? I believe it to be eminently

galvanic.

f This tendency ofrhodium to cover the surface of the gold is very singular.
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copper, or nickel colour
;
the flux left a glass, partly of a leek

green, and partly of a cochineal red colour, and the little buttorf

weighed 5'9 grains. Its white surface soon changed tc a

tombac brown, and when fused with nitre it yielded a little buttoa

of pure gold, weighing 4*3 grains.* Other 10 grains, similarly

fused, gave also a brittle button, which left a scoria of a brigjiter

red colour, weighing 7-1 grains, and this by a second fusion, as

before, gave a button of pure gold, which also weighed 4*3

grains. Thus, as 100 parts of ammoniuret of gold gave 43

parts of gold, 212 parts, the weight of the whole precipitate^r

would have given 91*16. Three-fourths of the solution inust-

have contained 149*40 of the alloy, or deducting three-fourtlis

of a grain of silver, 148*65.
\:

Deducting the gold, there remain 57*49 parts of rhodium, or

38*6 per cent, of the alloy. The specific gravity of this alloy
should be 15*91, but as it was actually only 15*4 it must have

suffered expansion. , .. ,

^ ,; ., .

^t

The remainder of the solution was distilled to dryness, and a/

dark brown residuum was obtained, which neither gave tliQ

changes of colour that characterise iridium by the action o^
muriatic acid, nor red crystals with ammonia

;
but it afibrded

an uncrystallizable double salt, of a flesh red colour, which, wheii

dried, resembled discoloured, brown, frothy iron (fer tcumeux);
Citizen Mendez could not reduce it before the blowpipe, an^,
obtained with borax only a yellowish green glass, ^ ^

Thus v/e see that neither ether nor ammonia afford the most
certain nor the most easy methods of separating rhodium.

From this consideration 1 had recourse to what Dr. WoUaston,

says on the subject, that it is not capable of forming _^namaJgj^m
with mercury. . ,^ .V ..(.fii ,»

3. For this purpose, Citizen Mendez cupelled, at two opera-;!

tions, a very brittle alloy of gold with rhodium and copper,

weighing 133*7 grains, which gave him two little globules, one^

of which weighed only 53*87 grains, and the other 66*13.
I^

treated the first with mercury and boihng water, and again by
trituration in an iron mortar, when the whole amalgamated,^

except 2*5 grains of a bright olive green powder, which after-

wards darkened in water, and became greenish black. Can the.

green powder be a deutoxide, interaiediate between the blac^k
and the reddish brown, or puce coloured oxide, and the greenish
black povv^'der a hydrate ? I have the highest esteem fpr M.
Berzelius, but he himself desires that truth should be freely

sought. As to the small button of alloy, however carefully I

washed its amalgam, it always showed a black spot of rhodium
at the bottom {dans lefond) after having been heated to redness.

After fusion with nitre it weighed 49*7 grains, and its specific

* On this account I lined the bottom and side^ 'of%e^crucilile'\^th an excei^s dif

borax, whidi has gre^t tendency, to vitrify rhodium.
,

.
,, , .-t; ,

^^
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gravity, according to Citizen Mendez, was 15. I suppose its

specific gravity was diminished by the three-eightlis of a grain
of silver which it contained

;
but it is, at all events, clearly

demonstrated that rhodium easily amalgamates with mercury,

by the intervention of gold, although it will not do so alone. 1

must confess I was much deceived as to my principal object of

knowing if this alloy be obtained at the Parting House from the

fused silver ingots, or from the amalgamated silver, which
would not a little have assisted us in ascertaining its local situa^

lions, and the ores from which it is derived, cittjumstances

which at present we are ignorant of.

b'4. Having found by experiment that neither protosulphate of

iron, nor oxalic acid, precipitate rhodium, I dissolved the button

weighing 66*13 grains (whose specific gravity according to

Citizen Mendez was 15*48) in aqua regia. The button when
beat out under the hammer, for want of a flatting mill, presented
tin-white spots on the yellow ground, showing that the alloy
was not uniform

;
the chloride of silver which precipitated from

the solution, contained half a grain of silver, which gives more
than three quarters of a grain per cent. This clearly shows
how necessary it is to use sulphuric acid to extract all the silver

at the Parting House. I meant to take only one half of this

solution, but for want of graduated tubes I took more, and pre-

cipitated it with protosulphate of iron
;

the reduced button

weighed 30*7 grains, and its specific gravity was 19*07. On
addmg the protosulphate to the solution, it became as black as

ink, and red by refraction in the sun, with much eiFervescence

and disengagement of deutoxide of azote
;
but as soon as that

ceased it resumed its former transparence. Having distilled it

to dryness, to expel the nitric and muriatic acids, and added

water, a large quantity of subsulphate of iron remained undis-

solved ; by the addition of a little sulphuric acid and boiling
the liquid, the whole dissolved, and the solution assumed a pale

bright flesh colour
;

I then immersed in it a plate of iron, which
became copper red, but by washing in distilled water, the

coloured coating appeared very slight, and a very fetid odour

was exhaled, which I know not how to describe. I have per-
ceived the same odour on adding water to the alloy fused with

potash. After filtering and washing, sliglitly flexible pelHcles

remained, which, when dry, had the colour of tombac, and

weighed 10*6 grains. On attempting to reduce them entirely
with borax (for, according to Thomson's Chemistry, even the

protoxide may be reduced), I obtained merely a green glass.

Thus, considering them as metallic (for if they were not abso-

lutely, they >vere very nearly so) we shall have 25*4 per cent, of

rhodium in the alloy, without reckoning what still remained

alloyed with the gold. I had taken for that the lower half of

the solution which had been left at rest for a long time. Could
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it have contained a larger quantity of gold? I should be the

more inclined to think so, because, from the fourth part of the

same solution, precipitated by ammonia, which should have

contained 16*5 grains of alloy, I obtained only 9-3 of gold ;

which gives 43 per cent, of rhodium in the alloy. The remain-*,

ing solution had the colour of protosuJphate of iron.

5. In this state of things, Citizen Mendez conceived the ideat

of adding sulphuric acid to a solution of 10 grains of another

alloy (specific gravity = 16*8) in aqua regia, and distiUing it to

dryness. When all the muriatic acid had come over, and the

liquid in the retort had assumed a very deep red colour, the

receiver was changed ;
a yellow matter rose with tlie acid, and

the gold remaining in the retort, had the appearance of aurum
musivum. The yellow matter partly dissolved in water, colour-

ing it first yellow, afterwards green, and a sub-trito-sulphate of

rhodium, of a yellow ochre colour, deposited. On pouring
water into the retort, a similar deposit was obtained, which was

separated by decantation ;
the gold was then twice fused with

potash and nitre
;

after the first fusion it left a very dark leek-

green glass, and a brighter one after the second
;
so that it

would be necessary to repeat the operation several times to

obtain the gold perfectly pure ;
it -weighed in the state in which

we left it, 8*2 grains. We see, therefore, from what has been

said, that rhodmm alloys with gold in different proportions, the

mean, according to what I have observed, being 34 of rhodiun^
in 100 parts of the alloy ;

or more than one third.

I am sorry to be compelled to say that Dr. Wollaston is mis-

taken, in stating that the alloys of gold with rhodium are very
ductile. The contrary has long been observed at this Parting
House, and was attributed to the sharpness of the acids {acrete
des acides), as if we employed more than one, and they were

very volatile, and very easily decomposed. We can now con-
ceive that a brittle metal in so large a quantity must necessarily
render the alloys it forms brittle also.

I imagine our practical men will not any longer assert, that
with a cupel, and Hvo. or three acids, any fraudulent mixture may
he detected in gold, now that they have this new instance of rho-

dium, in addition to those known before, of platina and palla-
dium, and I hope that iridium will also some day play its part.
As to the enormous losses at the Parting House, 1 understand
that in former times long reports have been made concernino*

them, but experiment is the right method of discovering phy-
sical truths. The reports are like Spartan money, far greater in

volume than in value,

I do not believe that the complete separation of rhodium can
be effected by softening (adoucissant) the alloy with corrosive

sublimate, although this method be more chemical than that 6f
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washing the marquctas
* of silver with soap and rags, as is done

at Tasco, in order to remove the black powder, or oxide of

another metal, which has much resemblance to selenium; at

least Citizen Mendez and I have found, amongst the Tasco

minerals, biseleniuret of silver, in small hexagonal tables, with

rounded edges and angles, as if they had been fused
;
their

colour wa^le^d grey, they were very ductile,^s may be seen in

our journal, the Smif No. 102, September 24, 1823, The object
would be better attained by treating the alloy with sulphuret of

antimony, on account of the greater affinity of rhodium for

sulphur, and that is certainly the mode adopted by a certain

person, who purified a quantity last year worth 1800 piastres,

making a great secret of his process, as if this were the age of

mystery, or the Mexicans resembled the inhabitants of Otaheite.

The preceding analysis only too plainly shows the wretched

state of our laboratory in Mexico, after having been for thirty

years under the direction of so distinguished a chemist as

M. Elhuyar, the discoverer of Wolfram and Cerium. It is true

that under the old government, this savant fpund himself

obliged to become a man of business, undoubtedly much against
his inclination ;

for it is impossible, that he who has once

imbibed a taste for science can ever abandon it.

Mexico, Dec. 9, }S2^r

We have translated the preceding paper almost verbatim from

the article in the June number of the Annales de Chimie, for

the present year. It is not, in some places, wholly free from

obscurity, but whether the fault lie with the author or the

French translator we cannot determine. We have given it, to

the best of our ability, faithfully as we have found it. C.

Article IV.

Astronomical Observations^ 1825.

By Col. Beaufoy, FRSi i*

Bmhcij Heath, near Stanmore

Latitude 51° 37' 44*3" North. Longitude West in time I' 20'93",

Ik r^f

"X 5-

Observed Transits of the Moon and Moon-culminating Stars over the Middlt Wire of

the Transit Instrument in Sidereal Time.

1825. Stars. Transits.

Aug. 22— ft Ophiu n^ 15' 45-89"

22.-Moon'8 First or West Limb.... 17 29 16-39

• The cakes, or balls of amalgam, after the mercury has been driven off by distil-

Ution.
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,,,, }:''r/W^)i^^f'#''^«i^: •By Mr. J:waii^
-nnw

[I
i

(To the E(Jitors of the Annals of Philosophpy lorft"

yff 'j^.^JSlNTIfEMBN, , , Birmingham, SepUUA^h,
The following appearances being quite new to myself, 1 coni-

municale them Tor insertion in the Amialsy that, !prQYJi,<)Q4 ,the

observations of others are found to correspond wit^tjipa^ o;wn,

they may be placed to their proper account.
,

The moon being aboijt 22 degrees above the western horizon,

having a small plano-convex lens in my hand, which was applied
close to my right eye, on looking at that body I perceived a faint

nebulous circle of light, and within the margin of this, and
almost on the right edge of it, a perfect image of the moon,
whose apparent size was somewhat less than the moon itself,

viewed with the naked eye. The light of this perfect image
was only so much greater than the circle, as to enable me to

distinguish it for a perfect picture of the planet. On applying
the glass to my left eye the effect was precisely the same,

except that the place of the perfect picture of the moon varied

a little in this instance from its situation in the former, being a

trifling degree nearer to the centre of the nebulous light.

Although it might be deemed most prudent not to attempt at

accounting for this appearance until it had been more scruta-

nized, and the effect correctly verified by q, number of indivi-

duals, I cannot help concluding at once, from this slight dif*

ference in the observations made with each of my own eyes,
that the perfect picture was reflected from the base of the

optic nerve, and the circular image from the retina ;
and I draw

this conclusion from a knowledge that there is a trifling varia-

tion in the axes of my own eyes, although not apparent to any
one except myself; as well as that there is in each a difference

in their capacity for distinct vision,
—this being, in fact, more

or less the case with every one^

Having observed the same effect on several successive nights,

and during two sucessive lunations, it does not appear by any
means probable that there was the least illusion in this appear-
ance more than would take place with other spectators similarly

situated ; and the seat of vision being a point still under the

ban of dispute with philosophers, I make no apology for the

inference now drawn, but will zealously expunge it from my
<2atalogue of maxims, if the reverse can still be proved to be

troe by direct experiment. fi;//<.l -

ti 'As I have proceeded thus far with these remarks^ it may be

considered as equivalent to a retreat from the inquiry to relin-

qaiah it in its present stage ; I shall, therefore, add a few other
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facts in support of the base of the optic nefve being the chief

agent in our particular sensations,—still leaving the correct

solution of these matters, however, open to further inquiry.
In every'&ct of vision it may be proved by observation, that

whether we employ one only, or both, of our eyes in conjunc-

tion^ wbjle looking towards any object, there is -a particular,
as

vi'eir M '^ 'general sensation, both of which are occasioned by
tb^'coiistitution of our organs of vision. The particular sensa-

tibh is this, that the eye discovers distinctlij but a single point

only in the act of employing it
;

this point being comparatively
small or great, according as the object contemplated is near

the eye, or remotely distant from it. The general sensation is

thi^, that the eye indistinctly discovers a very considerable

space, v^hich is greater or less according to the pecuharities of

its constitution, or the quantity of light to which it is exposed ;

that is, according to the convexity of the cornea, and the dila-

tation and contraction of the pupil. The particuleir sensation,
it vi^ill be obvious, is here' referred to the base of the optic
nerVe, and the general sensation to the retina, resting upon the

intfernal coat of the eye.
;

"Here, however, it will be n^ee^^4ty tt>' state other reasons fof

these conclusions, than those reflections from the interior of the

eye upon the lens already alluded to in observing the moon,
which, notwithstanding, are of themselves sufficiently obvious;
but it may, first of all, be proper to show in what manner it can
be provedi that there is a particular, as well as a general sensa-

tiOn,'
—a circumstance, although extremely simple in itself, yet,

never before mentioned, that I am aware of, by any writer.

This may be done by making a minute centre, and describing a
few circles round it, with radii of any number of parts of an
itifetfi

^ Wi*h- W^small test of this kind it will be found that at

the* disM^fe^ of between three and six inches, according to cir^

cumstances, the central point only of this diagram can be

distinctly seen at the same instant, and that the eye may be
directed round the smallest of the circles without receiving a

particular sensation of the centre. The same thing may be

observed, however, in reading, when it will be found that we
c^ti distinctly trace but one letter at a time, and scarcely thi&^

and that it is only by directing the eye upon each letter in sHca

cession that we are enabled to comprehend the sense, except
so far as we are otherwise assisted by- m?einory, in ascertaining
the Whole fi-om a part.

^^ -ioo^nhdu .]

'I now proceed to offer a few remarks respecting the probable
cause of a particular and a general sensation arising on directing
the eye towards any object; for which purpose I shall first

allude to a circumstance towards which my attention has been

frequently directed, and afterwards towards one which; was
taken notice of in the last century by a number of philosophersy

s 2
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and which has
generally been referred to an insensibility in the

base of the optic nerve.

I have frequently had occHsion to remark that objects are

perfectly seen oTily, and niost distinctly observed by the right

eye on the left side of the field of view, and by the left eye on
the right side of it/^ ' 1 tiike it fur granted,' in the firs*

ijilace,
that there is a cause existing toithin the eye why thiis should be
the case, and the thing to be ascertained is, where the real

seat of this cause is situated. Now, if the cause of our parti-
cular sensations were in the axis of the eye, every person would

appear to squint excessively when looking with both his eyes at

any object, placed but a trifling way beyond the point of distinct

vision, which is not the case; nor would the right eye then per-
fectly discover a point at the utmost limit towards the left hand,
because it could not be strained so far as that its axis should
form so great an angle with a perpendicular upon a right line

drawn through the centres of both the eyes. This much the

right eye
can do howeVet towards the left hand, but not towards

the right, as Well Jis^triat' the left eye can do the same thing
few^iWtlife right hand, but not towards the left. If, therefore,
this is hot^^i*ftirhied by directing the axis of the eye towards
the point observed, it must be done by placing the eye in some
otber position uhich is capable of producing the effect.
^
-'Leaving, this aroument as it stands, and referring to that

^ixp^ritii'eftt
Alluded to by which one of any three dark spots is

idst'od'dire'cting one eye towards that formed on either side of

the Centre, having the objects placed at an appropriate distance,
it will be found that the right hand object of the three is lost

by the right eye, and the one on the left hand by the left. From
this circumstance, it has been concluded thitt the base of the

cffltic
'nerve is insensible, because the undiscovered spot is

Siffectly'Opposite the place at which the nerve is inserted in the

t'l'fiilt

thfe teafp'ca'usfe is because the sensibility of the optic

^^%ftlrea^y occdpied in conveying a particular sensation of

til^'ypdt^ttiw^rds which the eye is directed, and which falls

tlliflif the' opposite angle, with thaifexisKJf^he^'CJ^-tb^t
formed

BVWi^'ii^ot
which is lost.

•

MgJo,i«| vhbiff^! tnd// .r

^ffcr%,^*hoWeVer, there is one gl"eat^ peculiarity to be' taken

lAS¥fefe df,'Whi^h; 'although remarkt^ble;, is an additional proof of

fh^^'trMh^bf;thede''ob^^Hati<inf^L -IM^^perfect pictm-e^t^ff^the

to«SSi,'^feilJserVed by diredtin/y the ^yk tipbn the plano-convex
le^ wa^filtnid tabe situated exactly in the place where one of

IH^'^hffeWark spots mentioned above is lost. But this picture
(jpthfe moon is tefletted /m//i the eye upon the lens, while that

dtf^^'thfe dark spots 'Nkrhich is lost is opposed to the eye under^ liteie
tingle

With the' ^Jiis under which this picture i» 4rans-

''^At^^J^jtW^'^*\^W^^^'^^ sen^i-decijMation pf^th^pptic nerve, in th^ Philo-
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mitted./t The effects are therefore the same exactly in their

tendency, and have every appearance of arising from the same
cause similarly situated; namely, the base of the optic nerve,

which is inserted at thie.Mpk of the igye y^xtoV-tJie, ^ngle^i^

question, jdi vd bms ^v/ni/'io blofi arU io oh'l^ fbl ^^ih /JO yy^
Although tbe whble of these remarfes'are stated as conclusive

evidences of facts, it is by no means intended that no possible^

objection may be urged against the propriety of them, and I am
perhaps the more readily induced to make this concession from

a knowledge of other peculiar appearances, and which were
noticed at the same time that those were observed which have
been hitherto the subject of consideration. . ;,•.. ;,j£

While paying attention to the effect produced by directing

my eye towards the moon, on removing the lens from one eye
to the other I many times found a dark spot, sometimes sur-

rounded with colour, frequently situated near the centre of the

nebulous light, but often in other places ; and nothing except
the eccentricity of the situations of these spots would have

prevented me from placing the spots observed upon the sun's

disc by astronomers, to the account of the same illusion of

vision. This eccentricity being however considerable, I cannot

wholly permit myself to ascribe to a similar deception the

spots observed upon the sun, from which its whole phenomena
of rotation, and the position of its axis, &c. with regard to the

ecliptic has been inferred
;
and yet it behoves us to be extremely

circumspect in making our deductions in cases where the sub*

jects are so continually prolific of deceptions. At tlie same
time, however, that this apology for our imperfections is given,
I cannot, at present, conceive it possible, that any effects,

actually travelhng from the substance of a luminous body like

the sun, can be visible to us. So far as the moon is concerned,
in which the same forms are always recognised in the same
relative places, the probabihties of truth are very different,

besides that the characters of the two bodies differ essentially
from each other; and it certainly appears evident that nothing
less, either than an interposing body between the earth and th^
sun, or, what is highly probable, an illusion of vision similar to

the one above-mentioned, could produce the effect of a dark

spot on the face of the body in question. If we even admi^
that these spots are openings in the sun's atmosphere, as somi^
have imagined, or that they are chasms in its body, how great
must be the extent of these chasms or openings to allow of our

discovering them at distances so immense ? Leaving gratuitous

assumptions out of the question altogether, however, it will

appear evident, on an unprejudiced consideration of the matter,
that we can no more discover the surface of the sun with Xh^
best instruments thaYi we can discover with the naked eye, the

centre of this earth by iiiealis of a pit, wh(^^e degth^eguaM
^

semi-diameter.
. -^ >fju.v

r^i i^^,
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^Mmd^'¥iei/lf^th€]Applkation of the ElectrO'chemi^^SLf^y
\dx\hi(iBi it^Simical Phaiuomemu By M. Ferrc.1, Joiiiit,

jopJl»s»A|^qHje,^ on the ohemicd influence
'<^f'WAbi^i^tV*Pvte

^v
' '

il the facts which tend to prove that it is an esserittaii^nt
j^ii .ubinatiouoi' bodies, and many celebrated philosophers
have endeavoured to show by ingenious speculations that it is

^e only source of chemical action. To prove this, however, "we

j^fiould inquire, if, on applying these ideas to known chemical

phenomena, the results accord with the data derived from obser-

vation. This is the object of the present article, but it is first

nr . to recapitulate briefly, the fundamental notions which

|.i
. v)ustitate the electro-chemical theory.

3,j Aceurdipg to this theory the particles of two elements which

^Miter into chemical ufiion are endowed with opposite electrici-

ties, by whose mutual attractions their conxbination is efiiected.

|f ,the ifttenaitiea of the two electricities be equal, the coiripound
fliB.)ll be neutral; ifuaec^ual,

the compound will be acid, if the

aegative electricity he in excess, and alkaline if the positive.

1^\% admiliing that electrical attractions are the source of che-

mical combination, we must suppose, for the union of the parti-
cles to he permanent, that they retain their respective electrici-

|ies after combination, aud consequently that the electricities

oannot quit the particles to unite with, and neutralize each

other ; otherwise we cannot imagine, how the particles can quit
one combination to eater into another, since, by losing their

electrical state in the first, they must also lose, at the same

time, all teixleacy to contract a second.

Action of Acids and Alkalies on Water.

•'As water combines with equal facility with both acids and

ijkalie^, bodies which are endowed with opposite electrical

properties, and which water, in whatever quantity, never neutral-

izes, it is evidently a neutral compound, and consequently can
have no inherent tendency to unite with other bodies. Howerer,
sirjce, it actually does combine with a great number it must
'assume by their action sometimes a positive, and sometimes a

f'
gative state, as otherwise if electricity be the cause of affinity,

could i>ot enter into chemical union with them at aM. Sittce

r' lis (integrant molecules exhibit no electricity, it can only be
aerived from the elementary particles, on whose opposite electri-

cities the action of bodies dissolved by the water must be

exerted. Thus the negative electricity of acids must attract the

*
Abridijed from the Annales de Chiniie, xxviii. p. J 17,
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positive electricity of the hydrogen, and repel and consequently
liberate a portion of the negative electricity of the oxygen, and

hence the latter acquires a tendency to enter into fresh combi-

nations, and is more readily detached from the hydrogen bv
other bodies having an affinity for it. Thus many metals which

cannot alone take oxygen from water, decompose it rapidly by
the intervention of weak acids.

Alkalies, on the contrary, being positively electrified, attract

the oxygen of water, and repel its hydrogen, during which a part
of the electricity of the latter is set free, and it thus acquires a

tendency to abandon the former. In this manner the hydrogen
of water combines with chlorine and iodine, which alone could

not take it from its oxygen, at least whilst all the physical condi-

tions remain unaltered. ,, ,,

The prevailing chemical tWpry i^'wlipiiy insufficient to

explain rationally the influence of acids and alkalies in promot-
ing the decomposition of water in the cases above-mentioned.

It would be eri:oneous to attribute it to their affinity for the

oxides or acids about to be formed, for if we suppose the force

which tends to unite them to be inherent in the molecules, we
must admit that it can exert itself only when they are formed,
unless they be simple. This cause, therefore, can have no effisct

till that which is attributed to it has already been produced. It

is, in like manner, by diminishing the reciprocal action of the

elements of water by the attraction of one of them, and the

repulsion of the other, and thus setting free a part of their con-

cealed electricity, that acids and alkalies facilitate the decom-

posing powers of the voltaic apparatus; and hence also the

rapidity of its action is increased in proportion to their energy.
Salts dissolved in water, acting, as we shall presently see, as

acids or alkalies, produce analogous effects.

Reciprocal Action of Acids and Oxides,

ji,,When an acid combines with an oxide, if the free antagonist
electricities of their molecules be capable of mutually balancing
each other, it is evident that no change can ensue in the union
of their respective elements. But if that of one of them, the

positive electricity of the oxide, for example, be comparatively
feeble, the acid, from its predominating negative electricity,
causes its developement by attracting that element which is

endowed with it, and repelling the other; and this influence

may go so far as to determine their partial separation. Thus

many oxides are reduced to a lower state of oxidation by the
action of acids ;

for instance, the deutoxide ofbarium is reduc^ed
to, the state of protoxide by the action of muriatic acid./
ii (The alkalies, on the contrary, by their action on certain

i;>xides which perform the part of acids with respect to them,
separate a portion of the metal^ and raise the Remainder to a
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higher degre^ of 9xi^?ition.
Thus potash causGvS protoxide of

tin to p^ to the state of deutoxide. In other cases, when tlie

alkalies ineVelylibcnite a portion of their positive electricity by
repulsion, they render them capable of absorbing a new quantity
of oxygen; such seems to be their action on the peroxide of

ipa^nganese.
What has been said above of the influemce of acids

and alkalies on the decomposition of water is applicable to this

partial decomposition of metallic oxides by their agency. This

phenomenon appears equally inexplicable by ascribing it to a

pkAT of affinities, but it teaches us why metals cannot combine
witli acids, unless they be in the state of oxides. Since an acid,
wnose free electricity predominates greatly over that ofan oxide,
Cannot unite with it without ehminating a portion of its oxygen,
so much the rather must a metal whose molecules possess the

full energy of their own electricity, when acting on an acid, tend

fo' separate its elements rather than combine with it direct, as

we often experience. Hence the necessity that its positive elec-

tricity should be partly neutralized by the negative electricity of

the oxygen before the combination c^n take efiect ;d
^

'In the same way, a fact somewhat embarrassing to the electrd^

chemical theory may be easily explained ; namely, why the

capacity of saturation of oxides increases with the proportion of

oxygen. Their positive electricity being in the inverse ratio of

the proportion of that principle, we might suppose that the

quantity of acid necessary to saturate them should follow the

same ratio, but we find that as the proportion of oxygen in the

oxides increases, its negative electricity destroys, by repulsion,
a proportionately greater part of that of the acid, whose qua^tity>
Irir an equal quantity of metal, must thus increase in the r^liftjftf

the increase of that
princip^..j^^ jj.^jjI^^ /jnornonedq ei£ sisdT

^
All salts are hot soluole in water. An indispensable condi-

tion of solubility is their non-neutrality, for the one being a

neutral compound, another equally neutral can have no actioni

qi^ it. .But,
it is not equally true that v^^e are to conclude that

because a salt, i itmu^t, therefore, be neutral, for the

(johesion of^f^ij[^,plpcules may rj^j^4^5(;j^ji^i§i9tuWfi,i^tite»*f^^

^(^tneutrah _'^ mi . .

^ . -^/t-jJ byqolov )l) n')ift did 9vodf>

XVlieji pne of these compounds, therefp^^,, dissolves in.wateil;

n^pcf^ j^p^^U acid or an alkaU by,,^ni?!Scj|^^lof positive i>r negok
tLve

.^tefitrioityt £^nd,consequentlyjjfit^'?^(f|;so(Qne of its elemferits-

a^jixeD^l^itlie
other. In this way we may account fbr* aiiacd,)

dpjt hitfi^rtO!|Satisfactorily explained by any theory, naraelyjntla«i

t

mutual decomposition of salts by the intervention of watetv

lyhen two saline solutions are mixed together, the element^-

ose repulsion has liberated a part of the electricity in the

solving liquid of one of them, must determine to that endowed
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with a' ^mitraVy electricity in tli6 di^solViK^liqmd of the other*

The two constituent molecules of the water becoming thus libe-

rated, act in each solution at the instant they separate in an

opposite manner on the elements of the salts, like the two poles
of the pile ;

the oxygen repels the acid, which, on the contrary,
is attracted by the hydrogen, but it attracts the alkali, and \vith

it determines to the hydrogen of the other solution, with which
it re-forms water, whilst the alkali combines with the iicid that it

finds there, and produces a new salt. ., ^-"qoi,-- -
' It is th^ change, therefore, between the principles bf the

Bfidecules of the water which determines that of the elements of

the salts. This change also takes place, as is well known, when
wa:ter is decomposed bv the voltaic pile, and it is in like manner

by these means that it favours the disunion, with the assistance

of that instrument, of the elements ofcompounds which it holds

fti solution. Ilius it is observed that the decomposition of saline

e'Otnpounds is always accompanied by that of the water.
,,

io It follows from what has been said, that tvvo sahne solutions

cannot exist together v/ithout an exchange ensuing between the

elements of the two salts; this is contrary to the opinion hitherto

eritertained. It has been supposed that the exchange does not
tske place unless an insoluble salt which precipitates be formed,
atid Berthollet attributed the decomposition to the

insolubility
itself. But it has been justly remarked, that the force of cohe-
sion to which the insolubility is owing has no effect till the

decomposition has taken place, and consequently cannot be the

cause of it. Hence it is only a secondary cause, which renders
it permanent and manifest, whereas otherwise it is continual aild;

latenti- — •• •
^

;

\.
- •

;

-;'|

There are phenomena which prov^ ^iH^'V^atiiy of this tatehlfc*

action between two sahne solutions, in which no precipitate is

fornied,'^s in the action of the carbonates of potash and soda on
insoluble salts. The decomposition is never complete, but

always stops at a certain point, although a portion of the car-

bonate still remains in solution. This arises from the formatioil'

dfca-soluble salt by the union of the alkaline base and the acid"

<rfithte)Jinsoluble salt, whose quantity continually increases with
tiife jjrdgvess'^of the decomposition. The phenomena mentioned
above are then developed between the two salts in solution, ^.hd

thi^-iMecipi'ocal action opposed that of the alkaline carbonate on
the. insoluble salt. It at the same time renders that which ihU
soluble salt resulting from the decomposition would exert 6n
the* insoluble salt, also derived from the same source, impo'ssibiy?
for in tlie decomposition of sulphate of barytes, for instance, iy£
carbonate of potash, the soluble sulphate that is formed, mighE
Qfteii th« separation of this carbonate, decompose that of the

bak^lebxilWit^oi^ijs decomposition is also'U^^Vf'ifttidttria^e^W
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consequence of the formation of carbonate of potash which in

again dissolved, a i ^' >
q

ij, OilOrga)dc Chemicat Phenomena.
'"

We have seen combinations effected between bodies whose
molecules are naturally endowed with free opposite electricities,
and otliers in which only one of the combining substances pos-
sessing acid or alkaline properties, developes by its influence the

electricity of the other, and renders it a sort of accidental acid
or alkah, the induced state being only momentary and condi-

tional, and ceasing with the influence that occasioned it. We
have now to consider a third kind of combination between
bodies, some of which only possess alkaline or acid properties,
as in the preceding instance, but develope them permanently in

the others
;
in a word, real acids or alkahes are formed, and thus

two compounds are produced instead of one. The definitive

compound is preceded by the formation of another, which merely
assists in forming part of the first.

A remarkable instance of this kind of combination is seen in

the action of alkahes on fatty substances. The molecules of the
former not finding a free negative electricity in those of the
latter capable of neutralizing their own positive electricity, deve-

lope it, as in their action on water, by attracting such of their

elementary molecules as are negatively electrified, and repelling
the others; but water being formed of only two constituent

molecules, it is evident that this influence could not produce a
new compound. Organic substances, containing a greater num-
ber of elements, they are capable, by a change in their relative

disposition, of so arranging themselves as to form compounds in

which the negative electricity predominates, and consequently
are able to neutralize the positive electricity of the alkalies.

This mode of combination is very different from that which

gives rise to inorganic compounds. In fact, in their formation
the constituent molecules, left to their reciprocal action, are free

to obey their tendency to combine molecule with molecule, and
the combination is thus always binary, or produced by the action

of only two forces. The proportions of their elements depend
solely on this binary disposition of their molecules and their

number* Their electrical state has no influence on their propor-

tion^^ ibut in the formation of acids by the action of alkahes on

fatty!
! substances, their constituent molecules are no longer

abandoned to their sole reciprocal action
; they are regulated by

the influence of the positive electricity of the alkalies, which

opposes their tendency to combine molecule with molecule> and

obliges them to unite in such numbers, and to assume such rela-

tive disposition, as shall produce compounds, whose electri^^l

^lbr)ift{;4^pable of ueutralizipg that which a^ts upooi ihem. bxlA

i^-um ..jj;u,.-,.u.; a. ;.i ...lit no
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fact the negative electricity of the iholecules attracited, bfeing^

partly concealed by the positive electricity of the alkaUes, at the

moment the new compounds are formed, they are forced so to

arrange themselves with the others as that they may retain an

excess of itinj iisy\wjLHj u^iuoiiti> ^iioiluLifjUno-j .ih»u^, o-
it is evideftl itt'^his c«ie liwit theprnporlioaaii of tJie elements

^tbese compounds must depend on the electrical state that they
as^^ume. It is important to notice this pecuharity, for the dif-

ference of the properties of organic substances depending solely
on the different proportions of their elements, the prodigious

variety of the former must lead us to infer that the cause which
determines the latter cannot be the same as in inorganic sub-

stances, which combine in very limited proportions,
ii' All the substances of the first class seem to owe their forma-

tk)n to a mode of combination analogous to that we have
examined ; for instance, let us first take the substances that are

produced by the act of digestion, by which the food is partially
converted into chyme, and the latter into chyle, which is effected

by the liquors poured out by the excretory organs into the intes-

tinal canal. It has been observed that the substances which are

there injected are in a short time acidified. This confirms our

theory, since all the liquors po-mred into the intestinal canal are

alkaline. The cliyme and the chyle, therefore, are merely salts

composed of those alkaline liquors and of the acids developed by
their influence in the food for the chyme, and ia the latter for

the chyle.
The act by which the organs give rise to the liquors they

secrete, differs from the preceding merely inasmuch as the acid

or alkaline products resulting from the influence of the particu-
lar matter which composes each of them on the blood, do not
combine with it. Hence all the secreted liquors are alkaline or

acid. This is not the only example of the kind. Fermentation,
whether vinous or acetous, is an analogous phenomenon, for, as

in secretion, the products formed do not combine with the mat-
ter which determined their formation, at least if we may judge
by the

smLallGj^uantity of ferment that disappears during the

operfttionjii'-JXii'jia
luiu lo^auuiuq/s ;);)');ot o//.J /mo 1o

Let us say one' word oh the <5auses of the spoiitan^bus dedofn-

position of organic substances, which are derived from the mode
in which their elementary molecules are disposed with respect
to their electrical state. It is not the same with all molecules of
the same nature. In vegetable substances, for instance, the

oxygen never being in sufficient proportion to form water with
the hydro2!:en and oxide of carbon, or carbonic acid with the

carbon, some of the molecules of the latter must be endowed
with positive electricity, and tend to combine with the oxygetl}
and the others with negative electricity, and act more especisllljf
on the hydrogen. The azote of auimal substances

,
must be
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fiiiittiilarly
cireumstartcied ; but not so the oxygen and liydrog€n>

llhfe formef being negative, and the latter positive,- with respeafet

tSC^'all fhfe others. ^'i lo YhJiuiup aiij oiiianoj-jb o:t aldiaaoqrni
H^nce^ 6ee thaft iM'^tiini(ei8ub6tia'n<eeB tibtiiit'lmves^QpqMistsaib

tendency to be transformed into a certain nuaib^«|tiilDrfa?ri(»

compounds ; for in one of them, composed offour elements, thjB[

positively electrical molecules of carbon tend to form cavbui^ipy
acid with the oxygen, and the negatively electiicalcarl^ure^fgfli

hydrogen with the hydrogen ; whilst a part of the latter may
also produce Avater with the oxygen or ammonia with the

azote, &c.

^^'fhe cau^e of the spontaneous decomposition of- of^anfifi^^-
stlattces is, therefore, manifestly derived from the ttktliilil^Si

dency of their molecules to form binary compounds ;the'efrectli!^

of which tendency are only momentarily suspended, andpf^VMl
when circumstances favour it by setting them at liberty, amon^i^^
which a slightly elevated temperature is one of the most eWi^
tual. Then the organic compounds are succeeded, as the Ikst

results, by inorganic binaky compounXjs, such as water, carbonic

acid, ammonia, &c. Such /is the outline of the theoretical

considerations to which I have wished to call the attention ^f
chemists. More numerous applications, by multiplying th^
facts on which they are founded, would undoubtedly ha/v;^

increased their interest, but were incompatible with th,^.nai|90W

Umits to which 1 am obliged to confine myself.
^

Uiw xioidw c-\ / noiJoonoo aidt to iioiJisuanomab b 9vb§ tS^siJ

b^iijqmoo sd ^jsra xloirlw brifi t^isqBq Jnaaaiq 9d;t oi bsniojcJjjg sd

yd bsflimi9i9b sjs//
~^^^g^|j£J^JVj]f."oa?iio^

.iMlo i£di dJiw

bne^,bi£i99 hns o^^fOir) •--'-- f/ !. ^tn^rnnyaxs moil soelq/jj
An Account of Experiments on the Velocity of Sourii^majifiiiif^

Holla/fd. By Dr. G. Moll, Professor of Natural f»feiki8<lfhy
in the University of Utrecht, and Dr. A. Van Beek.fsdjon/

^BJwftld fti 1r doiriw ffi idL^dj o:> ^snibioooB ^bnuoalo
^iii ni bBislnUiuw t)d vi c = a Xo^u/^'j ?<irii isdi zir^SQqB il

3mB8 edi l£ ylios/.b W^U:)/'^ jdVbrfio^ jeJ .isunsm gfiiwollo't

pfis^fie^lils tivihfe^bei^ti iiivfe^ti'^eed atfd^A^iiroifiw^^lsy's^T^I

fft^drtl^^di'athematicians. Actual e.^perimentS however on tWW

velochy, instituted in various countries, and under different

circumstances, went tO
prove

that the celerity of sound, foui"^

by ^Jt^e^iment, is abcyut^dh^-sixth greater thah ^.an'be deduced

by theory.
The celebf&ted

t^j^jlc^/^'c^'bunt^df^^^
between

experiment and th.^^^^il^iisliQ'iwing that '^^ attributed

Abstracted from the Philo«ophical Transaction! for 1824, Part II.
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to the heal evolved by the compression of the particles, of aUr

which is effected by the undulations of sound. It was found

impossible to determine the quantity of heat thus evolved, by
thflsJaiMijapcession

which sound occasions in the particles of the

aihgfi'fttidiitlMiir^fore
it was deemed expedient to multiply Sir,

^ie^^I^U^te formula by a constant factor V i 4- i, th6

^Rf^jyPwIffbil was determined by experiment. Sir Isaac's for-.

I odi 'io hP<i fi i-^-Um/ ; n-
^po-'l:>vd sdi dim ao-goibyd

jb-inommiJ c == a/M . ^/i ^ k, >ijsyi aouboiq oak

Thus, by the experiments oi the French Academicians or

1738, the most accurate on this subject of that time, the value

of k was found equal to 0,4254. It is plain that this correction

of the original formula is merely empirical, and dependant on,

the accuracy of experiments, which in 1738, had certainly not

attained the perfection which is required at present. .^

In consequence, this formula was thus altered by Laplacg

ff»aij9i09rii ^di '^'^

^^n'\/ ~]d~"
*

\/ c- .oj3 ,j3iaommj8 ^bio/?

i^^^s^e specific heat of the air^Mter^<?^4&1fl^J3¥^
suVe, and c'is the specific heat orm¥^Si^\im^j^ z.^^Smmt
volume.* '^'^" ^-^^^^^ dvtidw no pjojbI

^''My friend Dr. Van Kees, Professor in the University df

Liege, gave a demonstration of this correction \ /-, which will

be subjoined to the present paper,t and which may be compared

with that of Mr. Poisson.J, The value of- was determined by

Laplace from experiments of Messrs. Laroche and Berard,§and
found equal to 1,4954 ;

but later and more accurate experiments
of Messrs. Gay Lussac and Welter brought it to- 1,3748.
Another cause of the difference between actual expeiiments

911 the velocity of sound and its theory, exists in the variable

force of the wind, which either accelerates or retards the velocity
of sound, according to the direction from which it is blowing.
It appears that this cause of error may be annihilated in the

following manner. Let sounds be excited exactly at the same

Ifeft^/^^yl^fch end* .ofa basis, jand let two observers statioy^^dpQ^

^i$$Qi§nij% measure the velocity with which sounds travels froffj

^j9^^iJ)0fj the basis to the other. ^J^j^j^^uite clear that the actioiiji

ftfittel y^y^ must necessarily acGjQl^^^^the velocity ofthespu|[^4

ijSCatfe^lM.one end of the basis, as mucn as it will retM^lJ^fkl

.^loadJ \d
fl99WJ9d 9.'

*

VyPl^^^ ^5^
Ann de Phys. et Chim. torn

ii^ B!.?|fe9l90 9dT
r , f- j.^

T Dissertatio de celentatc soni. 1 rajet. IHla.
Dsiodniifs t i Annales de Flvys. et de Ohim. Mai 18^,3,-&ifel bfl£

ifI9mna^(J^9
§ Ibid. Annalesde Cliimie, torn. Ixxxv. p.72.

-
>

-

'

,
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thh other eiid, and thii^ the medhim of these tv^^o velocities will

five

the velocity in tranqtiil air. This methbd wa^ not adopted
y thd French Acaderiirciahs bF'1738, 'iti'^theiV 'expdimcnts

betw^tin Monthlery and Moiitnilartfei' '^(Jiirtbii xi'is' fired at orie

of thfe^B stations, v^^hilst the obsfet-vets were at the oth<^i^," arid

thiisthe results remained affected by the whole effect oftt^
ivind. It was found expedient therefore to repeat these' e:k^6ln-
ments with more accuracy, and this was executed" with'^t^t
precaution on Mr. Laplace's proposal, by Messrs. Afago^ Prdhyi
Mathieu, Bouvard, Humboldt, and Gay Lussac.

'

Tfe'^btb^r?-
Bttents were made in 1822, on the basis of Monthlery and vill^-

juif. In two successive days, the 21st and 22d of June, 1822|
seven shots were fired on both stations, and observed on the

other; the diflference of time in vvhich the corresponding shbts
were fired at both stations not exceeding five minutes, sind

from these seven corresponding shots the result was deduced".
*^' These experiments having never been made in this

toiXtiii/f
#i"th any thing like sufficient accuracy, His Royal llighhej^fe
Prince Frederick, second son of His Majesty the King of the

Netherlands, and Master General of the Ordnance, was pleased
to approve of our proposal of repeating the same, and to autho-
rise Lieutenant-Colonel Kuytenbrouwer, and the officers and
.men of the battalion of Artillery under his command, to give u$

tfVery assistance in their power, and to take an actual part" tifr

^ese experiments.
"^As fitted places to iti&kfe these experinlents, two elevated spot:^

were selected on the extended heaths of the Province of
Utrecht. One of these is a small hill between the town of
Naarden and the village of Blaricum, and called the Kooltjesher'gj
the other is somewhat higher, and situated on the right of th^'

road from Utrecht to Amersfoort, and very near the last town.
Both places were distinctly visible from one another, and the

distance was between 17000 and 18000 metres (9664 fathoms).
Our time was

kept by two time-keepers, which the Minister of
Marine had kindly furnished us with

;
one made by Arnold, the

other by our countryman Mr. Knebel. But the exact interval

between the observation of light, and the perception of sound,
and consequently the velocity of sound, was measured with

stiiall clocks with conical pendulums. They are made at Wesel

by Mr. Wilhelm Pfaffius, and proved remarkably well adapted
foi this purpose. It is well known that Huigens laid down the

properties
of the conical, or centrifugal pendulum, but if we are

n6t mistaken, they were employed for similar purposes for th^'

fii^t! time by the German philosopher Benzenberg.* TheS^'
ciy^lils'Witfe'a cionical pendmum divide the 24 hours of th^ '<JafV'

Vd "'^ -^
nOliL^H

^. Sppae account of these qbcks is given in (5ilb<?rt's Annalen d. Pbysik, lS04ij,g. yfj^j

p. 4^4 : and New Series, vol. v. p. Ssi.
* 4 r
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in 10,000,000 parts, and one of the indexes gives .^ part of a

decimal second. This index or second hand remains quiet,

jyjiilst the watch work continues moving as long as a certain

nring is not pressed down with the finger; and on removing
'io finger, the index is reduced to rest in the identical moment,
hus the index being at 0, the spring is pressed down by the

observer at the very instant the light of the opposite station is

observed ;
the index continues moving till the report of the shot

is heard, when the finger is withdrawn, and the index stopped

instantaneously. The number of turns and fractions of a turn

g.f the index shows the time elapsed between the fire and the

report. There was a conical or centrifugal clock on each sta-

tion ;
besides these, each station was furnished with a good

barometer, carefully compared with a standard barometer ofMr.

Pollond, several good thermometers made by Messrs. Dollond

and Newman, besides a sufficientnumber of excellent telescopes
of DoUond's, and so placed on stands adapted for the object as

to bring the opposite station without trouble in the field of the

telescope. The moisture of the air was determined for the first

tii)me in such experiments by Mr. Daniell's hygrometer, one of

yi^hich was placed at each station. The direction of the wind

was determined by very good vanes contrived by the Artillery
ofiicers. At each station a twelve pounder and a six pounder
was planted, and the instruments were disposed in, or in the

vicinity of tents erected for the purpose. Professor Moll^ with

Lieutenants Renault and Dilg, was stationed at the KooUjesherg,
Dr. Van Beek, with Lieutenants Sommerton, Van Den Bylaardt
and Seelig were on the other station, which is commonly called

ZevenLoompjeSj or seven trees, from the circumstance of seven

tr^es being planted on this lonely elevation. Several gentlemen
cadets of the Artillery, and several students of the University,
were at both stations employed in observing the different

instruments*
;

The barometers and thermometers were of course observed m
the open air ; Mr. Daniell's hygrometers were also placed in the

open air
; and the light of a candle reflected from the surface of

the ball of the hygrometer, gave the means of observing the

deposition of dew with great accuracy. .^ot>-, {)m

;
It was deemed of the utmost importance that the i^hpji9f,<^

both stations should be fired at as nearly the same moment as

pg|ssible. To obtain this, the following plan was adopted. At

7^55' P.M. by the chronometer of Zevenboompjes, a rocket

wap fired at Zevenboompjes, which being observed at the other

sta,tion of Kooltjeshergj was immediately answered by another
rocket from the latter place. This was the signal that on both
stations every thing was ready for observation. At 8'^ 0' 0'^ by
the chronometer of ^ei;e«^oom/9;e5, a cannon shot was fii'ed on
that station, whilst the observers at Kooltjesberg took as exactly
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as possible the lime on their chronometer when the light was
observed. A second shot was fired atZevenboompjes atH" 5' 0''

P. M. by the chronometer of that station, and the time at which
the light was seen was carefully taken down by tlie chronometer
of Kooltjesberg. By these means the difference of the two
chronometers at both stations, in a distance of about nine miles,
was ascertained with great accuracy ;

and in order to show that

this preparatory investigation was made with due care, a cannon
shot was fired on both places at the moment when the chrono-
meter of Zevenboompjes marked 8'' 10' 00'^ If the lights of
both shots were seen exactly at the same time, it was a proof
that the difference of both time-keepers was known, and that

experiments might be safely made.
We own that we did not suppose before hand, that it could

be possible to fire continually guns at a distance of nine miles

exactly at the same second
;
but the very great attention and

ability of our artillery men overcame this difficulty. Between
our shots at the two stations there was never a greater difference

than V^ or 2'', whilst this difference in the experiments of the

French philosophers of 1822, went to five minutes. This exact

correspondence in the firing of the guns was obtained in the

followmg manner. At each station an officer had the chrono-
meter placed before him on a small table very near the gun ;

a
non-commissioned officer or gentleman cadet stood ready with
the port fire near the touch-hole ;

and at the instant required
the officer holding the chronometer pressed the arm of the per-
son who was to fire the gun, which went off at the very moment.
With a little practice they were certain to fire the gun at any
given second.

The first night of our experiments, the 23d, 24th, and 25th of

January, 1823, we experienced the same annoyance of which
the French philosophers had to complain the first night of

theirs. The report of the shots of Zevenboompjes was not
heard at all at the station of Kooltjesberg. But at Zeven-

boompjes all the shots of Kooltjesberg were distinctly heard.

After the first night we constantly used the metal twelve poun-
ders loaded with Gibs of gunpowder. The 26th of January all

the shots were heard at Kooltjesberg, but none were perceived
at the opposite place. But the wind shifting the following

night, a good number of corresponding or simultaneous shots

were distmctly heard on both stations. The particulars of the

experiments made in these different days will be found in the

tables annexed to this paper. The disappointment we met
with on the first days was however not entirely fruitless

;
we

were convinced by it, that none but exactly corresponding shots

can be of use in
determining the velocity of sound. The result

of the observations of 26th and 26th of January, when the

reports were heard at one station only, and reduced to 0° tem-
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perature of the centigrade scale, and dry air, give difFerences of

3-1^,
whilst the observations of 27th and 28th of January, 'whe^

shots were distinctly heard on both stations, h^fjp^te "^vidi^r-q
ence of ^-^g- from each other. n'^'*^ »,»4w \At>\\ ^c',-!

The time which sound employs to travel from one statf6n ti^^

another being duly ascertained, we proceeded to measure th^,^

distance between both stations. The distances of the steeples^^

of Utrecht and Amersfoort, Utrecht and Naarden, and Naam_j
den and Amersfoort being accurately known, we measured^
angles on our stations between these steeples, and on eacli,^

steeple between the other steeples and the stations. Thus the,

distance was calculated by four different triangles, and
the|

.

greatest difference between these calculations was 2"',45 of^

eight feet, which appeared of no consequence in these experi-

'

ments. The distances of the different steeples which we took.?

for our basis, result froin tlies very exact geometrical, suryey of
General KrayenhofF.* . &
From these different data we found, by calculations of which

the detail will be given hereafter, that in our experiments at.%.

temperature of 32^ Fahrenheit^ or 0° of the centigrade scale, th&2

velocity of sound is 332'",049, or 1089,7445 English feet
perj

sexagesimal second. A table showing the comparison of
our-^

experiments, with the observations of other philosophers, is
'

also annexed to this paper. ^ ..

Experiments on the Velocity of Sound on the 21th June, 1823^1'*
^r^ -dj fO m-

compared with Theory.
'^f- ^^

Having thus far stated the means by which the distance

between the stations of Kooltjesberg and Zevenboompjes was

ascertained, and the rate determined of the clocks by which the

velocity of sound was measured, I will now proceed to give the^

experiments which were made on the 27th ofJune, and compar^^
the result with theory. The following table contains the time]
which sound employed to travel over the basis on the 27th oj;

JiUne, when 22 shots were simultaneously fired, and equally"
s^en and heard on both stations. The first column of this table

shows the number of the shot, the second the time which soun^^
employed to travel from Kooltjesberg to Zevenboompjes, 'a.^^.

observed on the latter station, and the third column the time',,

which sound employed to come from Zevenboompjes to KQoUf'„

jesberg, also observed on the latter place. ,

[ *j,^m
• Precis des Operations Geodesiques et Trigonometriques en Hollande, rparffc'j

General Krayenhoff. . ,

, . - -j(,jg-j

r. -"'*'-" 'tit ,li wl'b.t>:>ui?fic^ «»w

New Series, vol. x. ^V^^^^^^^^
"^^^ ^^^^'^ ^^^^ *^»^
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Easperiments on the Velocity of Sound, made the 21th June, 1823.

I.
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The mean altitude of barometer corrected of the effect of

capillarity, and reduced to the temperature of 0° of centrigrade
scale, was as follows :

Station of Zevenboompjes 0'",7439

Kooltjesberg 7456
Mean altitude of barometer 74475 = p.

The mean tension of aqueous vapour in the atmosphere, as

determined by Mr. Daniell's hygrometer, was at

Station of Zevenboompjes = 0,00901235 metres.

Kooltjesberg = 0,00949378
Mean tension of aqueous vapour, 0,00925307 = f.

The effect of gravity, calculated for mean latitude of Amers-
foort and Naarden, by the formula

g
_

(g) (1
_ 0,002837 cos. 2 /)

=
^^4su\

1- ^'^^2837 cos. 2 {52^ 13^ 33^,35} }
g = 9812,03 = effect of gravity in lat. 52° 13' 33^^35.

The ratio of the specific heat of the air when the volume
is constant, to the specific heat of air at a constant pressure,

or -, is, according to the experiments of Gay Lussac and Wel-

ter, equal to 1,3748 = -.

In Sir Isaac Newton's formula \/ ^, by which the velocity

of sound is expressed, D is the density of air, that of mercury
being taken for unit.

By Biot's and Arago's experiments, the density of perfectly

dry air was found at 0™,76 barometrical pressure to be equal to

unity divided by 10466,82.
But when the barometrical pressure alters and becomes p,

and the temperature becomes t, we have by the law of Mariotte

D
10466,82 X 0V6{1 +« .

0,00375}

And introducing into this formula the correction for the

aqueous vapour existing in the air, and calling F the tension of

aqueous vapour existing in the air, we find

D = p -IF
10466,82 X

0">,76{1
+<• 0,00375}

This value of I) being substituted in Sur la^ac's formula, we
have the velocity of sound by theory

t2 —rr--
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V — /^ = / < P • '0466,82 X 0.„J6 {\+t . 0,00375}"" V 13" V p-jY
= 4/1 10466,82 X 0V6 {1 + ^ . 0,00376} | ^4^,

According to Laplace, this formula must be multiplied by the

square root of the ratio between the specific heat of air at a

constant volume, and the specific heat of air at a constant pres-
sure. Thus the final formula for the velocity of sound, given

by theory, is

V =
^-[10466,82

X 0",76{ 1 +< .

0,03375}|^'fjp ^ y/f
Substituting in this formula the quantities stated above,

theory gives the velocity of sound for the state of the atmo-

sphere on the 27th of June, 1823, when the experiments were

made, V = 335,14 metres, or 1099,885 English feet; but the

velocity as obtained by experiment was 340,06 = 1116,032 feet.

Difference between theory and experiment the 27th of June,

4,92 metres = 16,147 feet.

Experiments on the Velocity of Sound on 2Sth of June, 1823,

compared with Theory,

On the 28th of June, 1823, fourteen simultaneous shots were

equally seen and heard on both stations
;
the following table

contains the results.
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The mean result by experimeut on the 28th of June, 1823, is

^—— '— = 52,07, in which time sound travelled along

the basis of 17669,28 metres, or 57988,2264 English feet.

Thus, the mean velocity of sound on the 28th of June in V\ is

339,34 metres = 1113,669 English feet.

The mean temperature, when these experiments were made,
was at

Centigrade scale,

Zevenboompjes 10°,07 ,

Kooltjesberg , 11 36
Mean temperature 11 215 = t

Mean height of the barometer, corrected for capillarity, and
reduced to 0° of centigrade scale,

Zevenboompjes 0,7476 metres.

Kooltjesberg 0,7487
Mean barometer, or p = 0,74815
Mean tension of aqueous vapour
by Mr. Daniell's hygrometerF= 0,00840465-=^^'^'

These quantities being substituted in the formula, we have

the velocity of sound, by theory, on the 28th of June, 1823,
V = 335%10 metres = 1099,753 English feet ; by experiment,
339^34 metres = 1113,669 feet.

Difference between theory and experiment 4,24 metres =
13,916 feet.

Thus it appears by the experiments both of the 27th and

28th of June, that sound travels faster than its theoretical cal-

culation.

The 27th of June, difference of experiment and theory 4™,92
28th of June 4^,24

The difference between the experiments of 27th and 28th of

June, is but of 0™,62, or 2,3629 feet; that is about .5^ of the

mean result of the experiments of both days.
The French philosophers found a difference between their

experiments of 23d and 24th of June, 1822, of -gV-
But the

difference of -^-i^, which we obtained, if we reduce the obser-

vations of both days to what they would have been in perfectly

dry air, and in temperature of 0° cent, is still remarkably
lessened. The formula by which the velocity of sound in given

hygrometrical circumstances, and a given temperature of the

air, is reduced to what it would be in dry air of 0° cent, tempe-
rature, calling U' the velocity of sound in dry air of 0° tempe-
rature ; U the velocity of sound at a tension of aqueous vapour
= F, is as follows :

'



278 Dr, Moll on the [Oct.

u

^11^0,00375.}

X

y^i.o,3765l)i'.

The 27th of June, 1823, we had

U = 340'",06 = 1116,032 English feet

t = W,16 cent,

F = 0,00925307

p = 0,74475 metres.

Substituting these quantities in the formula, we have

U'= 332'",38 = 1090,827 English feet.

The 28th June, 1823, we had

U = 339™,34 = 1113,669 feet

t = 1P,215
F = 0,00840465;

which being substituted in the formula, we have

V'=z 331V2 = 1088,661 English feet.

Thus the difference between the observations of both days,
when reduced to dry air, and 0° cent, is 0'",66 = 2,166 feet ;

or y^ of the mean of the observations of both days. It

appears also, that by our experiments of the 27th and 28th

of June, 1823, the mean velocity of sound in air perfectly

dry, and at 0° temperature, was 332^^,05 = 1089,744 feet in a

second.

Experiments on the 25th of June, when the Shots were not reci-

procal.

The following experiments will I trust prove, that in experi-
ments on the velocity of sound, such observations can only be
relied on in which the shots on both stations were reciprocal, that

is fell within the same second in both places, and were equally
heard and seen on both stations. The 25th of June, the cannon
fired at Zevenboompjes was not heard at Kooltjesberg, but at

Zevenboompjes the report of the guns fired at the other place
was distinctly perceived. The following table shows the time

reterlapsed between the light and report, as observed at

evenboompjes.I'
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Number
of shots.

Total of 12 shots 560,78

Time between

lightand report

1
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artillerymen enabled us to have the guns fired within the interval

of one second.

A Table showing the Results of Experiments on the Velocity of
Sound as observed by different Philosophers.
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convictiort) that the article originally complained of was calcu-

lated to convey a wrong impression to the world, and we know
it has in more than one case produced an injurious effect. The

impression derived from that article was, that Government had
abandoned Sir H. Davy*s plan altogether, which is contrary to

the fact ; and our cotemporary has been compelled by us to

admit, that all ships in a good condition in ordinary are to bejitted
with protectors. Our assertion was, that the application of pro-
tectors was suspendedfor sea-goins ships, but that they were to «

be applied to ships in ordinary, and we cited the Royal Sovereign
"^

as an instance. Let our readers compare this assertion with the

following public order, copied from the Plymouth Journal, and
we are sure they will feel satisfied that we nave done that which
was right

—
right for the public service, and right for the fame

of Sir H. Davy—the true and equitable mean which ought at all

times to be observed :—
*' 'Public Order, July 23.

" * In pursuance of an order from the Lords Commissioners of

the Admiralty of the i9th inst. we direct and require you to

consider it as a general rule, that ?^o sea-going ship is to be fitted

with Sir Humphry Davy's protectors,
and that when such ships,

in good condition, come mto dock from time to time to refit,

the protectors now upon them are to be removed.
*' *The protectors are, however, to be applied to ships in good

condition in ordinary, and when such ships are brought forward

for service, the protectors are to be removed, and the copper
cleaned.'

"

" In addition to this order, another v.as issued here on Mon-

day last, breathing
the same spirit as the former, and affording

an additional confirmation of our views, for an additional con-

firmation it must be regarded, when it extends the application of

protectors even to sheer-hulks and receiving-ships. This order,

however, having been furnished
confidentially

from high autho-

rity, we do not feel ourselves at liberty to publish it, but any one

interested in the inquiry may, no doubt, see it in the Dock-yard.
" We ask for nothing unfair. We ask only to have these

orders compared with the original article in the Journal,*—the

*
(Extract from the Plymouth Journal.)

" * Failure of Sir H. Davy's Plan for the Protection of Ships' Bottoms.—The

plan, some time since recommended by Sir H. Davy, to prevent the oxidation of copper
on ships' bottoms, and which was adopted by Grovemment with a laudable zeal for the

interests of sciences^ has not been found to produce the expected benefits. In the

instance of one of his Majesty's ships, which was fitted four years ago on Sir H. Davy's

plan, and which is now undergoing repair in this Dock-yard, it appears that the galvanic
influence of the iron has indeed prevented the oxidation of the copper, but the bottom

of the ship is found, as in the case ofwood sheathing, to be foul with weeds and barna-

clet, to provide against which copper bottoms were originally adopted. We shall next

week more particularly allude to the nature of the process, meanwhile tee understand

that orders hai>e been received to discontinue the fitting of his Majestys ships on Sir

Humphry Davy's principfc.'
"
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only urticle with which we have to do—and every honest man
must say, justice was not done. Let it also be remembered, that

by far the major part of our navy is now in a state of ordinary,
and likely so to continue for many years

to come
;
and that to

by far the greater part of the ships in that state the orders

above given actually apply ;
and that, therefore, in an economical

point of view, the application of protectors to so many ships
must be of immense national advantage. It was only on Tuesday
last that protectors were applied to the Saturn at this yard, a cir-

cumstance which our cotemporary, with his accustomed candour,

carefully conceals, although it seems not at all at a loss for

instances hostile to the plan. It is for this reason that w^e envy
not the feelings which dictated the original paragraph, and we

repeat our first assertion, that no friend of Sir H. Davy could

have written it, and when the latest history of these protectors
shall be given to the world, the author of that article will have
the honour of being classed with some other worthies of the

same stamp ;
he will form, with the Editor of the Times and

Mr, Samuel Deacon,* an unenvied triumvirate. We shall defer

any farther remarks until the publication of Sir H. Davy's next

paper."

Through the kindness of Sir Robert Seppings, we are enabled

to subjoin the second order alluded to by the author of the pre-

ceding observations. It is dated Aug. 27, 1825 :
—

"In addition to our warrant of the 23d ult. respecting the

application of Sir H. Davy's mode of protecting copper on the

bottoms of ships in good condition intended to lie in ordinary,
we direct and require you to cause it to be apphed also as

opportunities offer to the stationary ships, such as sheer-hulks,

receiving-ships," &c. &c.
It is not for us to question the propriety of the measures

adopted by the Lords Commissioners of the Admiralty, though
we cannot help still thinking that by a due adjustment of the

proportion of the protecting to that of the copper surface, the

mode may yet be found perfectly applicable to sea going ships,
as well as to those in ordinary, &c. It seems to us to be one
of those cases in which the theory is so obviously correct, that

whatever difficulties may occur in the earlier attempts to reduce
the method to practice, there must be certain circumstances

which, when once discovered, will ensure complete success.

What those circumstances are can only be determined by reflec-

tion and experiment. Sir Humphry Davy has already done

much, and we do hope that every facility will be afforded him
for continuing and perfecting his labours on this nationally
momentous subject. He has victoriously contended with diffi-

culties in our estimation far greater than any that await him in

* See Annuls of Phiiosophif, Triages 141 and 364.
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this investigation, and we confidently predict that his keen and

indefatigable genius will ultimately triumph over eveiy present
obstacle.

The two Admiralty Orders quoted above show the sense which
that Board entertains of the value of Sir Humphry Davy's disco-

very
with respect to ships in ordinary ; and the intelligent

author of the article in the Devonport Telegraph has justly and

forcibly insisted on its immense importance in that point of view
alone. But in the opinion of the Plymouth Editor, Sir Hum-
phry Davy's plan is 2ifailure.

*'

Thy wish was father, Harry, to

thy thought, though why it should be so, we know not
; that

is no business of ours :
—

so, without further comment, to his

wishes and his thoughts we leave him.—C.

Article IX.

Analysis of the Seleniurets of the Eastern Harz,

By M. Henry Rose.*

The seleniferous minerals, whose analysis is subjoined, were
discovered by M. Zinken, mine-engineer to the Duke of

Anhalt-Bernburg. They are found in the eastern part of the

Harz, at two places, situated at a small distance from each other,
one of which is near Zorge, in the veins of iron which traverse

the argillaceous schist and diorite : these seleniurets are disse-

minated in magnesian carbonate of lime. The other point is

near Tibzerode, in the veins. The seleniurets at the latter place
are found in larger quantity, dispersed also in magnesian car-

bonate of lime, and are frequently accompanied by small quan-
tities of native gold.
M. Zinken observed the presence of selenium in these mine-

rals in 1823. He had the goodness to send me a large quantity
of the seleniurets, of which I have analysed only five varieties,

the rest not being sufficiently pure to be calculated for a quanti-
tative analysis.

I analysed these minerals by means of chlorine. I converted

all the metals they contain into chlorides, and separated the

chloride of selenium, which is volatile, from the rest which are

fixed. I did not use nitric acid, or aqua regia, to dissolve these

minerals, because they always contain lead, and consequently I

should have been obhged to precipitate the oxide of lead by
sulphuric acid

;
but in order to obtain the whole of the sulphate

of lead, it would have been necessary to evaporate the liquid to

dryness, and to heat the dry mass, to drive ofFall the free acids
;

Ivhich would have rendered it impossible to determine the quan-

* From the Annales de Chimic.
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tity of selenium. On the contrary, by precipitating the selenium

from the acid solution by sulphurous acid, we do not obtain the

whole of it, because a small quantity of seleniate of lead, and

even of sulphate and chloride of lead, are thrown down at the

same time.

The apparatus I employed in these analyses is nearly the same

as that which M. Berzehus used in his analysis of grey nickel.

I welded two tubes to a small glass bulb
;
one of the tubes was

of small diameter, and four inches long ;
the diameter of the

other was much larger, and its length twelve inches. Having
bent the latter to a right angle, near the middle, I weighed the

whole apparatus, then introduced the pulverised mineral, and

weighed it again. The smaller tube was joined to an apparatus
in which chlorine was very slowly disengaged, and the gas was

dried by chloride of calcium. The bent tube passed into a

bottle, filled two-thirds with water, traversing a perforated cork,

which did not close the bottle hermetically, and dipping only a

few lines deep into the water.

The apparatus being filled with chlorine, the bulb was very

gently heated by a spirit-lamp. Chloride of selenium formed

and sublimed. Protochloride of selenium forms at first, and

flows through the tube, as an orange coloured liquid, into the

water in the bottle, where it deposits selenium, the greater part
ofwhich is afterwards redissolved by the chlorine which traverses

the liquid. Afterwards scarcely any thing but perchloride of

selenium is formed, which has great resemblance to the perchlo-
ride of phosphorus; it condenses in the tube, and would choak
it up if its diameter were not pretty considerable. It is neces-

sary very frequently to volatihse the chloride which condenses in

the tube near the bulb, by the flame of a small lamp, and thus

make it pass over into the water in the bottle, which, if the

quantity be large, is somewhat difficult. The chlorine must be

very slowly liberated
;
for if the bubbles of gas rise too rapidly

through the water, the chloride of selenium which they contain

has not time to be decomposed by the water, and a portion

escapes by the little aperture in the cork undecomposed.
1 caused chlorine to pass over the mineral for half a day ;

all

the metals were then perfectly changed into chlorides. The

operation was at an etid when chloride of selenium ceased to be

formed. The bulb was then cautiously cooled lest the glass
should crack by the cooling of the fused chloride of lead.

When cold I cut off" the part of the wide tube which still con-

tained chloride of selenium, and dropped it into the liquid in the

bottle. After having washed it, I weighed the tube with the

bulb containing the fixed chlorides. If the mineral contained

iron, a portion of the chloride of iron was found in the tube, and
the remainder with the fixed chlorides.
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It is necessary not to overheat the bulb, lest a portion of chlo-

ride of lead should be volatilized.

The selenium was thrown down from the liquid in the bottle

by sulphite of ammonia, muriatic acid having been previously
added to the liquid. The selenium was collected on a filter,

dried, and weighed. Although it is
very easy to throw down

the whole of the selenium from a solution of selenic acid by
sulphurous acid, it is nevertheless very difficult to precipitate it

from a solution of chloride of selenium in water, through which
a current of chlorine has been passed for a long time. The

liquid must be digested a great while with sulphite of ammonia,
and frequently boiled, in order to obtain the whole of the sele-

nium. The iron was precipitated from the liquid, after the sepa-
ration of the selenium. The seleniurets which I analysed are

the following :
—

1. Seleniuret of Lead.—This was the most frequent seleniuret

in the minerals 1 received. It has internally so great a resem-

blance to sulphuret of lead as not to be easily distinguished
from that substance. Its colour is lead grey, its lustre very
metallic ;

it occurs in masses imbedded in magnesian carbonate

of lime, from which, however, it may be very easily freed for

analysis by digestion in weak muriatic acid. Its fracture is

saccharoidal ;
the granulations are of various fineness, the

coarsest distinctly exhibiting a lamellar cleavage, the directions

of which, however, I could not determine : it is brittle and soft.

This mineral, purified by diluted muriatic acid, gives no sub-

limate, nor fuses, when heated by the blowpipe in a small tube

closed at one end. Heated in an open tube, a small quantity
of selenium sublimes, and hygrometrical crystals of selenic acid

are formed at the same time. The whole assay becomes sur-

rounded by fused yellow oxide of lead, and the tube is filled

with the peculiar odour of selenium. On charcoal it fumes, and

tinges the flame of the lamp blue by the combustion ofselenium.

For some distance round the assay, the charcoal is covered with

sublimed oxide of lead, but no metallic lead is produced without

the addition of soda. The fluxes discover nothing but lead,

though some specimens give indications of iron, and one pre-
sented traces of copper.

After all the experiments I had made with the blowpipe, a

quantitative analysis was almost useless ; only seleniuret of lead

could produce these phenomena. However, I analysed a very

pure specimen, in which not the slightest trace of either iron or

copper could be discovered by the blowpipe. 3*221 grammes
(60 grains) of the purified mineral treated with chlorine, gave
3-104 grammes (48 grains) of chloride of lead, equivalent to

2-313 grammes (35*8 grains) of lead, or 71-81 per cent. The

chloride of lead dissolved entmly in water without leaving any
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residuum of chloride of silver, or any portion of the mineral

undecomposed. Another portion of the mineral weighing 3*327

grammes gave 0*918 gr. of selenium, or 27*59 per cent. These
results agree pretty well with the calculated composition of the

mineral, according to which seleniuret of lead is composed of

72-3 lead and 27*7 selenium.

To ascertain whether this mineral contain any trace of sulphur
not discoverable by the blowpipe, a portion was treated with

chlorine, and the sublimate made to pass into water. The

liquid was rendered very acid with muriatic acid, and muriate of

barytes dropped into it; but not the shghtest precipitate of

sulphate of barytes could be perceived. The same experiment
was repeated with several other specimens of seleniuret of lead,
and always with the same result.

2. Seleniuret of Lead, with Seleniuret of Cobalt.—M. Zinken
sent me only one specimen of this mineral, adding that it has

great resemblance as to its elements to a mineral found at

Clausthal, which Mr. Hausmann named Kobaltbleierz, Exter-

nally it resembles seleniuret of lead, and like it is disseminated
in magnesian carbonate of lime, from which it may be freed by
diluted muriatic acid. Its nature is easily detected by the blow-

pipe. It gives a sublimate of selenium when heated in a small
tube closed at one end, and evinces the presence of cobalt by
fusion with the fluxes on charcoal. In other respects it behaves
before the blowpipe like seleniuret of lead. By treating 1*782

grammes (28 grains) with chlorine, I obtained 0*56 grammes (8*65

grains) of selenium, and a little iron. The fixed chlorides
dissolved entirely in water without leaving any residuum. The

lic]^uid
was evaporated to dryness after the addition of sulphuric

acid ; the dry mass heated to expel the excess of acid, and
mixed with water. It left 1*668 gramme (25*8 grains) of sul-

phate of lead, equivalent to 1'139 gramme (17*6 grains) of lead.
I then threw down the oxide of cobalt by caustic potash, but
the filtered liquid still contained a little cobalt, which was pre-
cipitated by hydrosulphuret of ammonia. The whole quantity
of cobalt obtamed was 0*056 gramme (0*87 grain), and it still

contained traces of lead and iron, which were not separated
from it. The result of the analysis per cent, is.

Lead 63*92
Cobalt 3*14
Selenium 31*42
Iron ..f,^.... 0*45
Loss ..,..;;. 1-07

100-00

The composition of this mineral appear^ to be analogous ta
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that of iron pyrites, and may be called cohaltiferous selenittret of
lead,,

3. Svkniurct of Lead with Seieniurel oj' Copper,
—Two

Sj^^eci-
mens of the minerals sent by M. Zinken were externally pvec^sQlv
alike. They were of a lead grey colour, not crystallized; had a

saccharoidal fracture, and were composed of nearly homo*;euc-
Qus masses. They were surrounded by magnesian carbonate of

lime, but not, as seleniuret of lead generally is, disseminated

through it. The two specimens were distinguishable from each

Sother by the difference in their behaviour before the blowpipe.
Both fuse pretty easily on charcoal in a small matrass, but one

more readdy than the other. The least fusible melts like sul-

phuret of antimony by the heat of a small spirit lamp. In other

respects, they behave alike before the blowpipe. They give n<>

sublimate when heated in a small matrass, but in an open tube

they afford, hke seleniuret of lead, both selenium and selenic

acid. The assay fuses, and is surrounded by yellow oxide of

lead. With the fluxes they give very distinct trace" of cojiper.
The least fusible was analysed by chlorine, like the other

seleniurets. The fixed chlorides were dissolved in water, and

the oxide of lead was precipitated by sulphuric acid, with the

precautions detailed in the analysis of the cohaltiferous selenii|(-

ret of lead. The solution from which the lead was separated

yv'as mixed with caustic potash, and boiled to throw down allthfe

i)Xide of copper. The analysis of this mineral gave in 100 partsj

Selenium... v^*-ij^.fkw<ii29*^6
-

Iron, with a trace of lead 0*44

Lead .:;.^?V'69-67

Iron .V. .-.'I -0*33

'opper 7'8<5

Tndecomposed mineral I'OQ
Loss ......:. 0''74

100-00*

*^, S9*67 of lead combine with 22*86 of selenium to form sele-

tiiutet of lead. If we suppose the copper to be combined with

an atom of selenium, the 7*86 would require 4*93 of selenium",

which leaves an excess of selenium. If we imagine the copper
to be combined with two atoms of selenium, as in the seleniuret

bf copper which is formed by passing seleniuretted
hydrojjen

into solutions of Oxide of copper, the 7*86 would require 9*86 of

selenium, in which case there is a deficiency of selenium.
^

It

appears probable, therefore, that the copper exists in the mineral

aj» a seleniuret and a biseleniuret, and that the two bear a siinple

' The solution of the mineral in nitric acid gave no precipitate with muriate, ^^f

iJ^rytes; consequently it contains neither sulphur nor sjjjj^^^, ,^ g.uu3pT nw ;

tJi
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Froportion

to each other. But as the mineral is not crystallized,

cannot venture to pronounce decidedly on its composition.*
I am convinced that a part, at least, of the copper in this

mineral may contain two atoms of selenium, although no sele-

nium sublimes, when an assay is heated in a small matrass, as

we might expect it to do. I fused seleniuret of lead with sele-

niuret of copper, prepared by heating copper filings with sele-

nium, and made the mass red-hot, so that it could not contain

any excess of selenium. The alloy of these seleniurets fused

rather more readily than seleniuret of copper alone. I found

that I could add a considerable quantity of pure selenium to this

alloy, without its being sublimed by heat. The alloy merely
became more fusible, and that in proportionto the quantity of

biseleniuret that it contained.^
4. Seleniuret of Lead with Seleniuret of Copper, in a differeno

Proportion.
—The other more fusible specimen Hkewise gives no

sublimate when heated in a small matrass, provided it be pure.
A large quantity of the mineral, of a violet colour, gave, however,
a black sublimate by heat which had the appearance of selenium,
but afforded globules of mercury, when heated with soda in a

matrass, and proved to be a seleniuret of mercury. The deeper
the violet colour of these specimens, the larger is the quantity
of seleniuret of mercury that they contain, but I did not analyse
them, in consequence of the variable quantities of that seleniuret.

For the purpose of analysis, I selected portions that had not a
violet colour, which gave per cent.

Selenium 34-26

Copper. . 15 45
Lead 47-43
Silver 1-29

Oxides oflead and iron 2*08

100-51 1

I have not deducted the oxygen of the 2-08, the weight of
the oxides of iron and lead, which is the cause of the shght
excess that I obtained. *

47-43 of lead combine with 18*13 of selenium to form seleniu-

ret of lead, and 15*45 of copper with 9*69 of selenium to form
seleniuret of copper, and with 19*38 to form the biseleniuret.

What I have already said of the probable composition of the

• A second analysis gave me 57*13 lead, and 9*56 copper; the latter, however, con-
tained some iron which was not separated from it.

•f Some sulphurets exhibit similar phenomena. A compound of one atom of cobal
with four atoms of copper would lose sulphur by being heated in a matrass. It, how-
ever, loses nothing, if it contain arseniuret of cobalt, as in the grey cobalt.

X On repeating the analysis I obtained 14-23 per cent, of copper, 50*27 lead, and
1 '09 silver. The difference between these two analyses is greater than should exist

between two analyses of a crystallized mineral.

iVety Series, vol. x» u
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qther mineral may be applied to this. It appear^ also that the
same prpportion obtaips between the two seleniurets of copper.
The proportions of the elements of these two minerals are not

perhaps definite. We may call the least fusible one, which ^Isp
contams the smallest quantity of copper, cupriferous seleniur^i of
lead; and the other, wliich has a larger quantity of gopper,j,i^^(i
is more fusible, seleniuret of lead and copper. ^

I . i ilijry'

6. Seleniuret of Lead %cith Selemurel of Utercur^'i—jiie

analyses of this compound were more troublesome than those of
the other seleniurets, because the seleniuret of mercury is not
combined with the seleniuret of lead in any definite proportion.
Different portions of the same specimen are so unequally com-

posed that two pieces of the same mass gave very different

results. A seleniuret of lead which contains no seleniuret of

mercury, cannot be distinguished by its external appearance
from those seleniurets which contain either much or little of it.

They have the same colour;, are only found massive, and disse-

minated in bitter spar. Some specimens have a small grained,
saccharoidal fracture ; plhers are coarse grained, and afford

parts which have a pretty distinct triple cleavage, according to

the planes of the cube. I observed in several specimens of this

mineral that the seleniuret of lead most remote from the bitter

spar, contained the greatest quantity of seleniuret of mercury,
and that that in immediate contact with it was quite free from
it. When the mineral has a distinct cleavage, only the latter

presents lamellar parts : the first (that in contact with the bitter

spar) is always fine grained saccharoidal. It is easy to ascer-

tain whether the seleniuret of lead contains much seleniuret of

mercury, or not; for the pure seleniuret of lead does not fuse,

and gives no sublimate when heated in a small matrass ;
but if

it contain seleniuret of mercury, the latter rises, and forms a

very crystalline sublimate, the quantity ofwhich is proportionate
to that of the seleniuret of mercury in the mineral. If it be

large, the assay boils up strongly at first, whilst the seleniuret of

mercury sublimes, and only infusible seleniuret of lead is left.

A small portion qi seleriiate pf mercury is usually formed by the

action of the air in the matrass, which is rather more volatile

than the seleniuret. The latter may be wholly converted into

seleniate by heating the assay in an open tube. The fused sele-

niate of mercury forms yellowish drops which have some resem-
blance to the oxide of tellurium, whose presence I suspected in

these minerals before I had satisfied myself that they contain

mercury. The presence of mercury is detected by heating the

mineral in a sqiall matrass with a little dry carbonate of soda,

when the mercury sublimes. It is also sometimes obtained^ a#
v/ell as the seleniuret of mercury, by heating the mineral with-?

out the soda, but in the Jatter case, its production i^ OYying \o
the bitter spar which decomposes the assay.
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1 chose, for a quantitative analysis, small ciitic morsels,
whose specific gravity was, by one experiment, 7-876

; by
another 7*804. I analysed them, like the rest, by chlorine, but
*l was obliged to vary the process, in consequence of the chloride

©f mercury subliming with the chloride of selenium. Corrosive

s'ublimate was always formed in these analyses, but never any

9a}omel,
and consequently the product was always wholly dis-

silved by the water in the receiver. Corrosive sublimate has
some resemblance to perchloride ofselenium, but is less

volatile.,
Kiid forms long brilliant needles, which are never found in

,cJiJ5)-:

i^ide of selenium.
' "V

"''I made several unsuccessful attempts to separate the oxide of

tnercury from the selenic acid contained in the liquid in which
those two substances were dissolved. M. Berzelius has already
observed that the caustic alkalies or their carbonates only
imperfectly separate selenic acid from oxide of mercury, and in

f^Ct cannot be wholly precipitated from its solution in other acids

by the alkalies. I endeavoured to obtain the mercury of the

mineral by mixing the latter in powder with dry carbonate of

soda, or carbonate of lime, and heating the mixture ; but it was
not easy to obtain the whole of the mercury by this method.

Hydrosulphuret of ammonia, however, throws down the

whole of the mercury from its alkaline solutions, and, according
to my experiments, even a great excess of the hydrosulphuret
does not redissolve the sulphuret of mercury, at least in the cold,
i did not expect this result, because the preparation of cinnabar,
in the moist way, depends on the solubihty of sulphuret of

mercury in hot hydrosulphuret of potash. 1-656 gramme
(24 grains) of the mineral gave 1*168 gramme (17-6 grains) of
chloride of lead which contain 0*87 gramme (13*5 grains) oflead.
The whole of the chloride dissolved perfectly in the water.

The liquid in which the volatile chlorides were dissolved was
mixed with caustic ammonia, and then hydrosulphuret of ammo-
nia added in excess. Sulphuret of mercury fell down which,,
when collected on a weighed filter, and carefully dried, weighed
0-306 gramme (4*8 grains). I did not analyze this sulphuret,
but as the hydrosulphuret of ammonia employed had been

recently prepared it could not contain any free sulphpr. It^

contained, therefore, 0-264 gramme (4 grains) of mercury. The .

liquid from which the mercury had been separated was acidulatedj
by muriatic acid, and heated to expel the sulphuretted hydrogen.

'

The sulphuret of selenium was oxidated by aqua regia, and the

solution added to the liquor from which the sulphuret of sele-

nium {mercury!) had been precipitated. The selenium was
reduced by sulphite of ammonia after the nitric acid of the aqua
regia had been decomposed as far as possible by muriatic acid.

The quantity of selenium obtained was 0-389 gramme (6 grains.)
The result of the analysis, therefore, per cent, is,

u 2
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Selenium 24*97
Lead Z .aJiwrH^ 55-84

Mercury... ..,.., *..•»•..... 16*94

I^ss.?^vi\j:>u>>tvJ^,Wvtt^^i'J.^u^j;)X 2*25

iOtl flSilBi 91C ^I'xJnmj DniwoHd) ^dl x^noiicp. 100*00 - H
The loss IS too great to allow us aceurateiy to determine the

composition of the mineral, lut I have reason to believe that it

consisted principally of selenium. 65*84 of lead combine with
21*39 of selenium, and 16*94 of mercury with 6*63 of selenium.
\Ve may, perhaps, imagine it to consist of an atom of sreleniuret

of mercury and three atoms of seleniuret of lead.

I am satisfied, however, that the seleniuret of lead in this

mineral is not combined with the seleniuret of mercury in any
definite proportion, but that the two seleniurets are capable of

uniting (like isomorphous substances) in all proportions without

affecting the form of the compound; for I treated 0*9 gramme
(13*9 grains) of the same specimen from which I selected the

portion for the first analysis with chlorine, carefully selecting
the cubic pieces which had precisely the same external appear-
ance as those which I had analysed in the first instance, and I

obtained only 033 gramme (5 grains) of chloride of lead, equi-
valent to 0*246 gramme (3-8 grains) of lead. If we calculate the

composition of the mineral according to this result, we obtain

the ibllowing as the proportions of its elements, wholly difierent

from the other. ]
•

> r

Selenium '^,.,^ . . . i 1 27-9S'""""'

T^ead . ',. *j*i,««Kkr.*j; . • • 4 •u^-4 • » • • 27*33

Mercury. . .a4i*.*.i . . .

j
.ri^ ».4

44*69.,07£,^rf

In addition to the "pfecedin^ tnineralg, M. Zinken has also

sent me another containing selenium, lead, copper, and a good
deal of silver. I have not, however, submitted it to a qttantita-

.tive analysis, because the specimen was mixed not only with

,.magnesian spar, but also with copper pyrites, from which I

^

could not separate it. The copper pyrites moreover covered the

whole mass in the form of raainmella;, and contained^ itself, a

large portion of sjelcuium.

Sf oilexo

^-'
'jnoldoiaq

tJJiuIqloa
j

8S:
Dnoilqaoriq

- - -
«uoiOiiq2oifq

9lfir{q20tiq

(.*/ I) ^l^aodvoiupiosi
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^ Table of Chemical Equivalents*

[With few exceptions, the following numbers are taken from

'Br. Thomson's "
Attempt to estabUsh the First Principles of

mafii^fry by Experiment."]

arsenious

(c. 2w.) -1- .
-

/n.e n. ^v
-

' '

jearbonic

oqoiq lii>y;»

50

59

62

54

24

42

22

76

perchloric

chloriodic

chlorocarbonic

^lipd.i tHamc''^ '^^^^P*l ^^'D ^«iJi"i48

^W^^ff' tungstic" rf?'U>^ GfiJ.^niJosIiso

chlorocyanic
'^^ ,^flWoi4> 1^4' ^ ' ^J? vb£)(t. «^^) afit lol . noiUO^K)

11 t

saclactic - - - 104

selemc - - - 56

succinic (anhydrous crystals) - 50

sulphuric - - - 40

(liquid, J5p.gr. 1-4838, 1 #.H Uo

sulphurous^ .u^n<iJi.« Itf6l.32

tartaric '^''7-^'^^
Ki Imsniit^g

'^ ' > '4hK»ii^ii^"U^ aiT^e adJ . 52

I 'ii<strie' n,i^^.^ai iMcljidj 01- 58

4i{ >e
(c. 2 w.)

* J ^]rffk>-lto .( ill fJtt f

^ (f*. ^fei>^inbic . 'fv-> -f.- ..-y^iOhP ^
f

'i-' - il6«( ^

-. i ^ftaobdjdc t
' - --<

/

'

- ^^-*- - '

' S2

fludric - - - 10

formic - - - 37

fluosilidt -
,

- - 26

gallic

'

;-^;«
* '^^fcrf • - 02

hydriodic
«*>-.. ^ - 125

hydrocyanic •• - - - 27

hyposulphurous - - 24

h3rposulphuric
- - 36

iodic
- * - - 104

malic - - - 70

manganesous - - - 52

manganesic - - - 60

molybdous - - - 64

molybdic - - - 72

muriatic - - - 37

nitric (dry)
- - - 54

(Hquidsp.gr. 1-5, 2 w.) - 72

nitrous - - - 46

oxalic - « - 36

(c. 4w.) - - - 72

perchloric
- - - 92

phosplioric • - - 28

phosphorous - - 20

Alum (c. 25 "^Jf ^'yj^yiq jid' ^

i^48T

Alumina ijul^f &^odl fe'V 0Si»2T

C; -sulphate <'-Oii 7ino h r uv^4 * 6T
•n :<

Subsulphft^f^ 11^4.^(3 l^H^i-vM »|16

acetate

(c.T

M9f])0-3'

arseniate mmOBl&'S.

bicarbonate (2 wt>fi
-^^ «

borate '^373*/,

(c. 2 w.)

carbonate

citrate •

fluoborate

hydriodate

iodate

molybdate

muriate '

nitrate

oxalate

(c. 2 w.)

phosphate (c. 2 w.)

phosphate

sesquicarbonate (1 w.)

succinate (c. 2 w.)

sulphate

(c. 1 w.)

'fra

- ISO

- 79

- 79

. 41

- 59

. 39

- 75

- 49

. - 142

. 131

- 1 iti
blU0':^j

?.»r(ii slodw.63

iiob-ioci^-^i^^]

63

37

69

85

57

63
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sulphite

tartrate

Antimony
chloride

iodide

oxide

dentoxide

pcrootide

sulphurct

hydrosulphuret .

tartarized (emetic tartar, c ^
Arsenic - - », -

siJphuret (realgar)

sesquisulphuret(orpiinent)

Azote ...
chloride

carburet (cyanogen)

iodide

oxide

deutoxide

Barium

chloride

iodide

oxide

peroxide •

phosphuret

Bulphuret

Barytes

acetate

(c. S w.)

arseniate

arsenite

carbonate

chlorate

chromate

citrate - r

, hydrate (1 w.)

iodate

muriate (c 1 w.)

nitrate (anhydrous crystals)

oxalate

phosphate

phosphite

succinate

sulphate

. 'Uttilphite

iJtIurtrate

Bimath
^ chloride

- 49

. 83

.v 44'

- 80

p 168

- 52

- 56

- 00

- 60

- 69

w.) S63

. 38

- 54

- 62

, 14

158?

- 26

- 46

- 22

- 30

- 70

- 106

- 104

- 78

- 86

- 82

- 8o

- 78

- 128

- 155

- 140

. 132

- 100

- 154

- 130

- 136

- 87

- 242

. 124

- 132

- 114

. 106

- 98

- 128

. 118

. 110

r 144

^ 72

- 108

oxide

acetate

trseniate (2w.)
carbonate

citrate

iodide

nitrate (c. 3 w.)

oxalate

phosphate (3 w.)

phosphuret

sulphate

sulphuret

tartrate (5 w.)

Borax (c. 8 w.)

Boron

Cadmium

chloride .

oxide

acetate (c. 2 w.)

carbonate

iodide

nitrate (c. 4 w.)

phosphate (1 w.)

phosphuret

sulphate (c. 4 w.)

sulphuret

Calcium

chloride

iodide

oxide (lime)

phosphuret

sulphuret

Calomel

Carbon

bisulphuret -

chloride

perchloride

subchloride

, hydruret

. , J>ihydruret

jnibhydruret

, hydrochloride

oxide

phosphuret

Cerium

oxide

peroxide

Chlorine

03ude

. 80

. 130

. 160

. 102

- 138

- ,196 i

- lai

. 116

- 135

- 84

- 120

. 88

^ 191

- 152

- 8

- 66

- 92

^ 64

- 132

- 86

- \mj

- 101.J
. 68

^ UO
. 72

. 20

• 56

-144
- 28

. 32

- 36

- 236

- 6

- 38

- 42

- 120

- 48

.. 7

-^^^^

- «bi)

« 62

. 36

;.,.44
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deutoxide
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: <>* ^tartrate

Hme.

.^^ *
airseniate

*^'benzoate
^'^^ carbonate

.^^ chlorate

.*^^ chloride

.**^^chromatc

^^'^dtrate

"^^ fluate

S^ hydrate (I w.)

"^'^iriuriate (c 5w.)
v^^ nitrate

. oxalate

•r* , phosphate
' succinate

^^
sulphate

^^ - (c2w.)
.At i

tartrate

Sfthium

«'^^ohloride

*^* iodide

^ oxide

^*^sulphuret

,3J£n< ,178
, 'i)i;^ . 28

^ 78

-
• '

- 50

- 104

. 64

- 80

- 86

- 88

ai>no4iy 37

. abib^i 1 10

abpjp 82

^ixotta 64

-..
•

.«%*

. (.wd^3> . 94

.- • sifiiaag^ 10

(.W^ .3) dJ^98iai34^ 45

. . ^teosfl:iiil34

. 9ifinodi4? 18
.

.. (^ 01 ^) .26
9^snodt£:}uf 18

^^ carbonate "^ ^ '^^^ ^*JWJo«fT^"P^^ 40
^^^

filtrate

^°
phosphate

'^^
sulphate

Mttgnesium
^-^f chloride

^
. oxide

^
sulphuret

BHffnesia
^*

a!nmoma.phosphal0vr Si

*** carbonate
^^

hydrate

.:fi£nioT(b 46
.

.
slfiiiia 58

J ) smih^ 12

'itsbJ^Iour 48

dJsiiiu 20

aj£l£^ 28

i)l&dq^.ofkr 20

93

42, aJiiiii^^j.^

sdi
ifiuriate (.wCU

^i>(^Iua 29

**
. nitrate

*?'^pho8pliate"
sulphate^ '

(c.Ti

ifil&ngtoese
S» chloride

^ oxide

*^
. dfeutoxide

^V«>»ide
acetate

.3; - 57

. iiiii-ii-nj 74

ii<!a20q ba& aJcuiai 48

. • • xtwi^nc^O

- . aittioliio 123

• abixo 28

. }97ui{qiiox% 63

-itfiijrfqiuj! 36

;>— 40

. -

. liiLi-y.^ 44

benzoate

carbonate

oxalate

phosphate

i
'^ '

phosphuret

!
Ofr

sulphate
'

-"^
(c. 5w.)

Mercury
chloride

perchlorkle

iodide

periodide

i B^ oxide

8S peroxide

01 1 nitrate

i8lpernitrate
'^

dd I sulphate

Of persulphate

|0( bipersulphat^w

^Slsulphuret

Wi persulphuret

Molybdenum
oxide

Nickel --

.iL' chloride

Oi't iodide

sol oxide

^8 peroxide

OS t acetate

S9i Mseniate

a r carbonate

8(* nitrate

88 oxalate - - «

d^i^osphate i.a

*>^1I I^osphiuret

G81 sulphate -
(.

*- (c,% w.)

•- sulphuret

Nitrous oxide

j

Nitric oxide

i Oxygen
'

Palladium

1 oxide - -

Pllosphorus
i '-': cliloride

8 i i perchloride

v. V I carburet

" *-
sulphuret

Flatina

chloride

. . .i*cl56

- 58

«i 72

- ; - 64

- 40

- 76

-> i:.12l

. i («»200

- 236

-.272

.u,344

• 448

- 208

• ji/.u-*2I6

aiaiiibti^ 262
' ' i'ft£in38iJ5nw270

-.hihhaM 248

jsisna6ti^ 256

f .3)«}«i-todtc3id296

. 3}&ioi]i9216

- 3iataoiiio2S9

m iii&morukiid 48

.. niBiiL} 56

-i.yrJ)«Jai6^^ 29

- sinihii 65

« . i J0Mil5S

ijjfiiiitf 37

• ^^til^xo 41

^ifilaxonid 87

QiaUnnnb&iij) 99

4>j£dq<ioxU(' 59

. ^iRiihoiii^. 91

• :^»j£ifqjlue 73

S .9) 9lar^lii«)uj 65

• aimitsi 41

w 1 ^).9l£U-u»li« 77

. - . iiiiub440

sbixo 45

. ybixQia*! 22

. . -;-..;8

.idv6ife:

. t>b{T(|jl(ki 12

. -jbiboi 48

3hlM) 84
. ^Li^udwi 18

- 3iiii33*^ 28

. ihii^ine. 96

. 182
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<fv> carbonate

chlorate

duomate

citrate

hydrate (1 w.)

muriate (e.
8 w.)

nitrate

oxalate
' '

binoxalate

^v*^*
phosphate

sulphate

tartrate •

tungstate

dy^phHr
l| bicarburet
' J chloride

iodide . -

phosphuret

Selphuretted hydrogen

Bisulphuretted hydrogen

Telluriiun - -

chloride

oxide -

T4a

chloride

perchloride

oxide

peroxide

phosphuret

4, 74
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" Mr. Phillips, on the other hand, proposes to boil the suspected
fluid with animal charcOal^ and says, he has found that port vvihe,

gravy soup, infusion of onions, or the liquor arsenicaliSf may be

rendered in that way sufficiently colourless for the application of

the most delicate tests." The author then continues,
" these

processes do not seem to have been yet subjected to experiment

by other chemists. I can conceive no other reason, at least,

why the former in particular has been so long under the public

eye without notice or criticism ;
for no one can have made fair

trial of them, without being convinced that their application is

confined by such narrow limits, and that, within those limits, they
are hable to so many fallacies, as must render them almost

entirely useless in medico-legal researches." With Dr. Christi-

son's criticism upon Orfila's process I shall not interfere
;
but I

will freely inquire, whether his remarks upon the method
which I propose are entitled to the fairness to which their

author lays claim
;
and it may be Useful in this investigation to

examine how far Dr. Christison is correct upon points on which
he can have but little apology for error : this may serve as a

guide to determine the value of his experiments, and of the infer-

ences deduced from them.

After stating that the best substance for reducing arsenic* on
the small scale is the black flux, he adds in a note,

" almost all

authors on chemistry and medicaljurisprudence recommend, as

an alternative, a mixture of charcoal powder and potass." On
this subject, I have referred to the following well known authori-

ties, viz. Black, Henry, Murray, Paris and Fonblanque, Brande,
andUre ;

and they mention no other substance than black flux for

the purpose of reduction. Duncan and Aikens advise the use of

charcoal, or carbonaceous matter
; Beck recommends black flux

made of carbonate of potash and charcoal, and the same mixture
is advised by Mr. A. T. Thomson

; while Smith and Orfila, as

far as I have examined, are the only persons who employ a mix-
ture of charcoal and potash.

^'"

In the note from which this passage is quoted, there is another

assertion which appears to me to be very incorrect
;

it is that
•' the charcoal of the black flux is not necessary in the process;
and subcarbonate of potass might therefore answer as well, biit

it is seldom so dry." Now if this were fact, it would be aft
^

important addition to our knowledge, for it would save the intrO^'

duction of charcoal into the tube, and prevent it from being
mistaken for subUmed arsenic. I did indeed find that whei^

arsenious acid was heated with carbonate of potash, some"
metallic arsenic sublimed ; and this arose from the conversion df

part of the arsenious acid into arsenic acid, one portion of th#*

arsenic taking oxygen from the other.- That this is the triife^;

* I take this opportunity of stating that I find my method of using an uncoated tulf' «
*

and a spirit lamp in the process of reduction is not original ; for I have since observed
that Mr. Brande recommends the same plan in his Manual.
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^planation of what happened is rendered probable by an expe-
jriment of Dr. WoUastou's, as related by Dr. Thomson, in which
he found that arseuious acid when heated with hme was converted

into arsenic and arseniate of hme. This method, therefore, can-

not be adopted with propriety, for as extremely minute portions
of arsenious acid are

usually operated upon, a very considerable

proportion of it must reuiam in combination with the poiash in

the state of arsenic acid, and which would render the experi-
ment of sublimation more decisive by increasing the quantity of

sublimed metal, if charcoal were present to decompose the

arsenic acid, or to prevent its formation
;
added to this, unless the

heat be greater than required when charcoal is used, there also

remains a large quantity of arsenious acid in combination with

the potash ;
but after the long application of a strong red heat,

and when the quantity ofcarbonate of potash used was five times

greater than that of the white arsenic, arseniate of potash only

appeared to remain in the crucible.

Having now shown that Dr. Christison's opinions onthe methods

.of reducing arsenious acid are inaccurate, and that his state-

ments of the advice of authors on that subject are incorrect, I

shall proceed to notice his animadversions upon my proposal for

using animal charcoal. The author twice asserts that I propose
to boil the suspected fluid with animal charcoal. If Dr. Chris-

tison had not actually quoted the passage in which I describe

the process in question, I should conclude that he had never read

it, but had acquired an imperfect knowledge of it from hear?$ay.

He does, how ever, quote it, and no mention whatever is made
oi boiling the suspected fluid; my words are,

"
I mixed some

of it with animal charcoal." The fact is, that I merely agitate
the mixture, as I presently again more particulaj'ly mention, and
without heating it at all. Having shown what Dr. Christison

has added to the process, I shall now notice what he has

omitted. It is well known that animal charcoal contains

muriatic salts
; .in order to a})ply the silver test, I direct that

it should be washed. This necessary part of the operation must

have been totally neglected by Dr. Christison: alluding to a

solution which he had decolorized, I presume by boiling with

animal charcoal, he says,
*' Lime water has no effect, the cop-

per test produces an exceedingly scanty azure blue, and the

silver test an abundant cream white precipitate.'* Now this

abundant precipitate was evidently chloride of silver formed

froti;^ the salt contained in the animal charcoal.

Thus tl^en has Dr. Christison committed two errors, either of

which would have been fatal to the experiment, and then assures

his readers that "it was hardly necessary to search for the cause

of (lie failure of Mr. Phillips's process ;

" and this is what the

>dtithorico«8ider8 " a fair trial." It is, perhaps, proper to inform

IDtdCSliflitison that I was acquainted with Mr. Thomson's expe-
riments on the Beparation of arsenious acid from solution by
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means of charcoal, and I have guarded against it^

extent by subjecting the solution to its action for a very short

time, and without the application of heat. I was al5^0 aware
that some fluids are incapable of being decolorized

;
and I stated

the fact in my paper, without indeed naming them, from motive
which may 1 think be understood. o.

I shall now state a few experiments which are, I think, concluf-

sive as to the power of animal charcoal. I dissolved one graitl.

of arsenious acid in 600 grains of port wine
;
to the solution

when cold, I added 100 grains of washed animal charcoal, and

agitated the mixture for about two minutes, and then filtered it.

The solution was nearly colourless
;
I diluted a portion of it with

water, and on the addition of a solution of sulphuretted hydrogen,
the characteristic yellow colour appeared, although the arsenions

acid formed only -j-Vo- ^^ ^^^^ solution. The copper test also

readily indicated its presence when of the same strength, aiuj

the silver test readily detected the arsenic whea so fai* diluted a«

to form only -pg-i-g-g.
of the solution; •^i^-«dtav?of{a//ofX^nivx

I have already admitted that there ai'e (iei^M in'whrcb animal
charcoal is powerless; but unless we are to attempt nothing
because all cannot be performed, I retain my opinion that it may
be useful, and as it decolorizes so deep a coloured fluid as poit
wine with facility, little doubt can, 1 think, be entertained of its

efficacy upon the less usually intense colo«r-Gfthe Auid-conteaAat

of the stomach. ;
'- «'* ^ SOlif^^up aiiis^soiqedh

'? There are some other parts of Dr.'Chrfeti^oii'fe p'af^ii^whi^h

i^ould require notice if I were entering upon a general discussioin

aji to the best tests to be employed ;
and I can by no means

agree with him that the copper and silver tests " are the two
most inaccurate and most fallacious of the common reagents .;

"

on the contrary, I think, they may be used in many cases w^ith

great advantage, especially vvith the precautions and modifica-

tions which have been recommended by various chemists.
' 'In concluding these observations, I readily acquit Dr. Chris-

tlson ofmtentional misrepresentation, but 1 trust he will repeat
the experiments, and candidly state the results, so as to coiu-

perisate for jier^arelessne^sxjf iwhiehili^have just caus^ofeo

cbniplikiu. "J^^
^*^ ^-' - ' '^ -" ^^^^^ 1 ^/i^r o.,

,
:_ .s^umm

^ilj
f\n&^ ,^iild ymAii yiiji.. /i,;iiil/^i'>/9 ,11^ ^30jjbo'iq U^i laq

eiifi wu/l
''.9i£jiqio9'rq ^jid^'

.>ii?w> inebnx/dB nxj Jgai -isvlia
bamioi isvlig lo sbjioIxfrAW^l^?i XU?

3ji?itqi09iq iajshnudB

*o id§MS^'^^^^"^ f^^^
^'' improved CoTish'iic'tloh in the

Arr-piir^'^*^
ff.^or . Ry ^'Jf**- Joseph Henies, Joiner. (With a Plate.Y"';'^^ ;

J^UBO sdi 'ffo tlie Editoi-s of the Ajimfs of rhiIosoj)h.i/^^^^^^ g-^
3m : GENTLEMEN, ,. \

^ss^O'iq a gqiihfjS Edinburgh, Jt{r^\5^]^Q
'^^M^ attention havibg^beenl called' to' 'the construciion^Qfribe

Air-pnmp, during the valuable lectures deHvered in Uie<shoals
7<; v^tavajj'
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of arts in this city, of which I am a student, some alterations

have occurred to me as likely to render the instrument more

perfect, and as these have been approved of by some persons
of science to whom I communicated them, and who have
informed me that they believe them to be new, I take the liberty
of sending the annexed description and drawing for the purpose
ef laying them before the pubHc, through the medium of the
Annals, I am, Sir, your obedient servant,
is Joseph Herries.

Description of Phile XXXVII, see^g. 1.

A A is the barrel of the pump ; B B two thick metalhc plates
screwed to the flanges C C C C

;
D is a pipe leading from the

receiver, and communicating with each end of the barrel,

through a small hole bored in the plates B B; E is a solid piston

working through the stuffing box F
;
G is a rod working air^

tight through the piston in a collar of leathers. On each end
of this rod there is a conical valve H and H', ground into the

openings of the pipe D, having a small degree of play, so thiit

both valves cannot be shut at once. These valves are guided
by a continuation of the rod working in the openings of the

plates BB, in the side of which there is a small groove for the

admission of air, shown by the dotted lines. I and V are coni-

cal valves opening outwards, and working in a socket in the

screw nuts K K, r being supported by a spiral spring ; from
these valves there are openings which communicate with the

pipe L.

Suppose now that the piston is at the bottom of the barrel,

and the three valves I V and H' shut. If the piston is drawn

upwards, the friction of the leathers on the rod G will carry it

along with it, and shut the valve H
;

H'' will then be opened,
and allow the air from the receiver to rush down the pipe D,
and fill up the vacuum formed below the piston, while the air

above the piston will be forced out at the valve I, which will

shut with its own weight. On moving the piston downward
the valve H' will instantly shut, and H be opened ;

the air from
the receiver will rush in above the piston, and the included air

below it will be forced out at the valve V, and escape through
the tube L, (where it may be advantageously employed for

condensation,) the spring will then shut the valve. Thus by
working the pump a continued stream of air will be thrown out

from the receiver, until the exhaustion is completed.
It is obvious, however, . that as the whole pressure of the

atmosphere is sustained by the valves I and V, the air con-

tained in the barrel will not effect its escape until, by compres-
sion with the piston, its density is superior to the external air,

and should a small stratum of this air remain in the barrel
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unexcluded, its immediate access to the receiver must retard

the exhaustion, and ultimately set a limit to the power of the

pump.
To remedy this inconvenience, and render the machine still

more perfect, I have added another barrel, figure 2, (having
the same letters of reference in the description) which is joined

together by a connecting tube M. On these pipes there are

three stop-cocks placed as shown in the drawing. The pipesDD are connected together and enter the receiver as one." L
and L are also connected for condensation.

When this double pump is worked the stop-cocks N and O
are opened, and P is shut. The pumps may be wrought in in

the usual way by a rack and pinion, the one piston being made
to ascend while the other is descending. In this condition the

pumps will exhaust each individually with a double stroke, so
that two continued united streams of air will be thrown out.

When the exhaustion has proceeded in this way as far as

may be judged necessary, say until -Jr^ths of the included air is

thrown out, and a still more perfect vacuum be required, open
the stop-cock P and shut the cocks N and O, and continue

working the pumps.
The communication between the external air and figure I>

being cut off by the cock O, and between the receiver and

fig. 2, by the cock N; and a communication being opened
between these pipes, it will be easily seen by a slight exami-
nation of the plates, that the effect of fig. 2 must be to exhaust
the air out of that part of the pipes D and L, situated below
the stop-cocks N and O. Consequently the pressure of the

external air will be entirely removed from the valves I and
I',

and allow the air in the barrel of fig. 1 to escape freely ; for as

the one piston is ascending and forcing out air, the other is

descending and forming a vacuum ready to receive it.

By this contrivance the receiver may be almost completely
emptied of its contents. It is not, however, supposed that for

common purposes, in an accurately constructed pump, this

connected barrel will be necessary, and on this supposition
(where a condensing apparatus is not required), I would recom-
mend that the piston rod be formed of an open tube (see fig. 2),

having a conical valve at the bottom, so that when the piston is

forced downwards, the included air will escape through the

valve, which, if wrought with oil, will suflEiciently prevent its

escape ; and, of course, the pipe L. with the valve r will not b©
required.
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Article XIII.

On the Analysis of Atmospheric Air hif Hydrogen*
By John Dultoii, Esq. FRS.&c.

(To llichard Phillips, Esq.)

RESPECTED FRIEND, Manchestery Sept. 17, 1825.

According to my promise I transmit the results of some
late experiments on the analysis of atmospheric air by hydrogen.
My chief object was to find under what circumstances the

union of the oxygen and hydrogen, by the electric spark, is

complete, that is, so that one or both of the gases are entirely
consumed ;

and in what cases either no union takes place or a

partial one, leaving portions of both gases still in mixture in the

residue.

From a memoir of M. M. Humboldt and Gay-Lussac (Ann.
de Chimie, 53, 1805,) we learn that one volume of hydrogen,
mixed with two or nine volumes of oxygen, gives the same loss

by electricity, namely, 1-46; but if mixed with 9*5 oxygen, the
loss is only '68

;
and this loss diminishes rapidly till the oxygen

becomes 16, when there is no loss at all. They found that if the

surplus gas was azote or carbonic acid, the loss was not much
difterent

;
but they do not seem to have ascertained this with

precision.
It is right to observe that the hydrogen I used was obtained

in the usual way from zinc and dilute sulphuric acid, and was
received in bottles filled with as pure rain water as I could

procure ;
the bottles were filled with the gas, and not more than

one-third of the gas of each bottle was used; the hydrogen
was free from atmospheric air, except what was expelled from
the water by the hydrogen bubbling into the bottle : this quan-

tity
of atmospheric air, however, must be something ; yet, on

firing 10 measures of hydrogen with oxygen, the diminution is

usually 14*6 to 15.

The mixtures of gases fired at once were commonly about
150 measures, each measure being the volume of one grain of
water. The eudiometer has six inches in length, correspondent
to 150 measures; and all the experiments were made over

water.

The atmospheric air I mostly used was procured in the

country, and was found by frequent trials to contain almost

exactly 21 per cent, of oxygen. This is not the case at all

times. I once found the oxygen as hi^h as 21*15 per cent,

from an average of many experiments; it was on the 8th of

January last, when the barometer was 309, wind N.E. and very
moderate, after three days of calm and gentle frost. But the

general state of the atmosphere yields only 20*7 or 20*8 per
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cent, of oxygen. All the results below must be considered a»

averages of four or five experiments.

-
^^^ y^ahulan^^Arrcingement of the Experiments.

.o^yj ,t^,n,
— •—
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aud by the subsequent proof that more azote exists in the.

residue than ought to do, on the supposition the hygrogen wa^
quite pure.

Such persons as are not familiar with this kind of experi-
ment, and wish to repeat any of them, will do well to remem-
ber that whenever oxygen and hydrogen are mixed in nearly the

saturating prqportiom, the mixture should stand some time

(five minutes,) in order to allow of the perfect diffusion of the

gases, before the spark is given.
I remain, yours truly, Jqhn Dalton.

Article XIV.

Analyses of Books.

Journal of the Academy of Natural Sciences of Philadelphia,
Vol. iv. Part 2.

This volume contains 22 papers on various subjects of
Natural History, and is illustrated with eight plates, two of
•which (tab. 20 and 21) engraved by Mr. A. Lawson, of Phila-

delphia, from drawings by Lesereur and Mr. A. Rider, are the

most beautifully executed plates of natural history subject which
we have seen from any American art, not even excepting the cele-

brated plates of the Wappity and Marmot, by the same artist.

These plates are lent to the society by Mr. Ord.

There are three papers relative to Mammalia.
1. An Account of a New Species of the Genus Arvicola. By

George Ord, p. 305.

Arvicola raparius. Snout thick, blunt; eyes small; ears

middle-sized ;
tail less than half the length of the body. This

species is fond of the seeds of wild rice and oats, zizania

aquatica.
2. A new Genus of Mammaha proposed, and a Description of

the Species upon which it is founded. By T. Say and G. Ord,

p. 345.

Genus Nectoma; character, teeth -, cutting
-

grindery r-^,

with deep radicles ; tail hairy ; toes 4-5,

This genus ig allied to Arvicola, and, indeed, Dr. Harlan ha?

placed the species in that genus.

N.Jloridana. ^nout elongated; eye^ and e?ir^ very large;
tail longer than the body. t. 21

; length frpipi snout to vent

7^ inches; tail 6^ inches.

; This animal was first described by Mr. Ord in the Bulletin of

ihe Philamaton Society as Mus Floridanus.
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3. Description of a new Speqies of Mammalia whereon a
Genus is proposed to be founded. By T. Say and G. Ord, p.
352.

N. G, Sigmodon. Teeth eight above, eight below, cutting two
in each jaw; grinders six in each jaw, nearly equal with radicles,

and with very deep alternate folds towards the summit
; tail

hairy ;
feet simple ; toes 5-5^ fifth front toes very small, clawed.

This genus is alhed to Arvicola, and indeed Dr. Harlan has

placed the species in that genus.
S. hispidum. Head thick

;
snout elongated ; eyes rather

large ;
ears large, round

;'
tail nearly as long as the body ;

hairs

of the upper part of the body long, coarse
; length of body six

inches
;

tail four inches. Jn the young species the black pre-
dominates, and in the adult the yellow. East Florida.

All the four papers on Ornithology, are by the late Prince
Charles Bonaparte, certainly the best American ornithologist,
whose recent death we have to lament.

The first is Observations on the Nomenclature of Wilson-s

Ornithology. This is the continuation of a series of papers in

which the author corrects the synonima quoted, and adds numef
rous others, and corrects .the systematic arrangement of the
beautiful work of Wilson which he commenced completing.
The others are Descriptions of 13 new Species of South

American Birds, p. 350, 370, and 387.

1. Fringilla ocanthorea. Dusky; rump yellow; primaries

edged with green ;
tail tipped with white

; length A\ inches
;

bill like jP. senwMS. liio Janeiro. The bird was tame, and sang
like a canary, and, like other Antarctic birds, sang most in the

winter.

2. Monassa fusca. Fuscous brown ; sh?ft of the feathers

yellow ; primaries and tail feathers not spotted ; throat spotted
•with white ;

chest with a black band. Tamatia brun. Vaillant

H. N. des Barbns, t. 43. Tail with twelve feathers.

3* Picus rubricollis, Gmelin, Var.

4. Dendrocalaptes Angusturostris, Vieill. Fulvous brown,
beneath white. All the feathers (except those of the throat)

edged with black
;
beak elongated, shghtly arched, compressed ;

length 7-1- inches.

5. FringillaJiaviola, Lin,

6. Tanagra,Jiava, Gmelin. Sericeous yellow ; knees, throat,

chest, middle of the abdomen, wings, and tail, yellow ; primaries
and tail edged with greenish blue

; length 5i- inches. Lindo

bello, D'Azara. Tanagra cholroptera? Veillot, T. cayana,

orfemP. Desmarest,

7. Mnscicapa violenta, n. s. Tail six inches long, deeply
forked

; body grey, beneath white
;
head black ; feather of the

vertex go den yellow at the base. Tyranus Violenta, Vicillot,

8. Muscicapa tceni optera, n, s. Grey wings and tail
; black

x3
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throat, abdomen
;
a broad band on the wings and apex of the

tail wliite. Tyranus cinereus, Vieillot,

9. Muscicapa fiillatUy n. s. Grey wings, and forked tail black,
outer edge of the outer feather white. This bird is a Platyrhyn-
cos of Desmare^t,

10. (Japrimulgns semitorquntua, Gmelin. Black, and minutely
speckled with red and white

;
first four primaries spotless, with

an oblique red central band
;
neck with a white crescent beneath.

1 1 . Ralius nigricans f
Vieill. Greenish brown

;
back and wings

olive brown
; rump and tail black. Ypacaha obscuro, Azara.

12. Garrulus ultramarinus. Blue, beneath whitish grey ;
tail

equal; length 13 inches.

13. Icterus (Cassicus) melanicterus. Black crested ; rump and

primaries, back and tail yellow ;
middle 'tail feathers entirely,

the outer black on the exterior side
; length ll-i- inches.

There are two papers on Ichthiology.
1. Description of Four New Species of the Linnsean Genus

BlejmiuSj and a New Exocetm. By W. W. Wood, p. 278.

Blennins geminatvs. Head with a three-rayed beard over each

eye ; body with several pairs of brownish spots on the sides,

above which are confluent marks on the back, extending a httle

way upon the dorsal fin
;
dorsal fin with an irregular blackish

spot in front, D. 27, P. 13, V. 2, A. 11,0. 14f imperfect rays ;

length 2-1 inches, depth ± inch. Charleston Harbour.

Blemiius punctcitns. Head with a bifurcated cirrhus over each

eye ; dorsal fin with an irregular blackish spot between the first

and third rays ; body thickly covered with small blackish spots,
which are confluent on the sides

;
caudal fin, with five obscure

brownish spots, D. 27, P. 14, V. 3, A. 18, C. 1 U imperfect rays;

length three inches
; depth 1 inch. Charleston Harbour.

Fhclis novemlineatu^. Body with nine whitish longitudinal
bands ; dorsal fin with an irregular longitudinal band ;

dorsal

fin with an irregular blackish spot between the first and second

rays, remainder of the fin clouded with dusky brown. D. 30,

C. m, N. 20, V. 2, P. 13
; length 3^ ; depth 1 inch. Charles-

ton Harbour.

Piiolis quadrifasciatus, n. t, 17,/. 1. Dorsal fin not joining
the tail; body with four distinct brownish bands, and an inter-

rupted obscure broad band on the neck
; belly vvith four yel-

lowish spots over the anal fin, ventral fin, iasciated with brown.

D. 27, C. 9, A. 15, P. 11, V. 2. Length two and a half, depth

six-eighths of an inch.

Exocelns appendiculafns, t. 17,/. 2. Lower jaw tvith a long
trifuriated beurcl, the middle branch largest, extending about

two-thirds the length of the bodv, the lateral branches very
short. P. i:^ D. 14, C. 18, 19, V.' (i, A. 7. Length five and a

quarter inches.

in Erpetology there are six papers, by IVIr. Say and Dr.
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Harlan, the latter gentleman appears to pay particular attention

to this class of animals, and has given some interesting remarks

on their internal organization, which will be inserted amongst
the Zoological Notices in our next number.

1. On the Fresh Water and Land Tortoises of the United

States. By Thomas Say, .p.
203.

In this paper Mr. Say enumerates 15 species, one of which is

new; and he has named, but not characterized two new genera^
one for the Box Tortoise, under the name of Cistula, but this

has been long established in the works of Merrem (which the

American naturalists do not appear to know) under the name of

Terrapena, and the other Chelonura, for the Testudo Serpentina
of Shmv.
To the description of the species he has added some inter-

esting remarks, relative to the habits of the animals, and the use

made of them by the Americans.

The new species is Emys biguttata, Say. Shell oblong, oval,

slightly contracted in the middle of each side, anterior marginal

scuta, very narrow, linear, occiput with two very large fulvous

spots ; upper jaw naked
;
lower acute; tail rather long, simple.

Length 4, breadth 3 inches.

2. Description of Three New Species of Coluber, inhabiting
the United States. By T. Say, p. 237. •

Coluber (Bm(enus. Above brownish or blackish, beneath bright
red, tail short, with an abrupt solid conic tip. Pensylvania.
Plates 124—134, scales 24—38. Length 10 inches, tail 1-^

inch. Var. a dark slate colour above.

C. rigidus. Dark fuscous or blackish
;
beneath the yellow,

with two black hues. Southern States. Plates HI, scales 51.

Length 20, tail 4 inches.

C. septemvittatus. Brownish, with three blackish lines, be-

neath yellow, with four blackish lines. Pensylvania. Plates

142, 143, scales 70—73. Length 10, tail2x inches.

The rest of the papers are by Dr. Harlan, the first of which is

a " Notice of the Plesiosaurus, and other Fossil Reliquia, from
the State of New Jersey, p. 232, where the author points out a

new species of this interesting genns, and the three remainder

are descriptions of the following new species of reptiles, two of

which belong to a new genus, under the name of Cyclura, which
was noticed in the last number, where it should have been

placed directly after Uromastrix,

Cyclura carinata, n. s, t. 15. Crown of the teeth dentated,
infra orbitar ridge with a row of horny scales

;
dorsal crest ;

warty between the scapula and over the sternum
; scales of the

.

body uniform, square, small, slightly imbricate, unarmed; scales

of the legs and feet ending in minute spines ;
tail above keeled,

middle slightly compressed, spiny bands ending four inches .

from the end of the tail.
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Ci/ctnra tereSy 1. 16. Teeth small, uniform and pointed ;
doi^al

ctefet
wanting only over the sacrum

;
scales of the sides, thighs

and legs ; bristled with minute spines ;
tail cylindrical, tapering,

spiny rays, separated by twd roWs of depressed scales, without

spines above. Spines on the tings nearly equal, extending to the

end of the tail.

The Lacerta acanthnta of ShaW is another species of this

genus, and called Cyclura Shawii, by Mr. Gray, The genus is

nearly allied to UromAfetrix of Merrem,

Agamavultuosa, t. 19. Body grey; neck with a longitudinal

pleat ;
tail round, long, scales rhomboidal, keeled, front of the

Dack and hind part of the head slightly crested. Length 10

inches. This species belongs to the sub-genus Calotis.

Aguma corrwta, t. 20. Body depressed, ovate, rough, above

brown, variegated, beneath whitish
;
head above quadrangular ;

tail half as long as the body. Arkansas. Length four inches.

This species is allied to Agami orbicularis, and belongs to the

sub-geniis Tapayia.
Sept. setHiiedta, n. s, t. 18, f. 2. Body whitish. With three

dArk punctulated lirtes on each side, extending from the neck to

the middle of the tail
;
head with 12 irregular unequal scales ;

toes two, unequal. Length four.inches. This species forms the

second species of the genus Bipes.
JScincus bicolor, n. s, t. 18, f. 1. Above fuscous, beneath sil-

vfei*y white, with two longitudinal white lines on each side ;
tail

round
;
toes 5. Length 9\ inches.

There is only one paper relative to Amphibia, consisting of a

Description of a New Species of Salamander. By W. W.
Wood, p. 306.

Salamandra punctalissima, n. s. Greyish, entirely covered
with numerous black dots, extremities long and slender

;
tail a

little longer than the body. Length 3i inches.

This volume contains Two
Papers on MoUusca, one a rety

interesting paper, on the Float of Jarthina, of which we will give
an extract among the Notices, and the other, a Description of a
New Species of Modiola. By Thomas Say, p. 368.

Modiola opifexy n. t. 19, f. 2. Oval, reddish brown, anterior

hinge margin, flattened, cordate
;

inside rather irridescent.

Minorca, breadth one a half, length one-fifth of an inch. This

species is allied to M. Discors by its shape. It hves in a cavity
formed of fine

agglutinated
sand attached to shells.

In Radiata, Mr. Say has given an exceeding interesting

paper, on Two Genera and severd Species of Crioidea, p. 289,
in which he forms a New Family.

N. G, Caryocrinites, Say. Column cylindrical, perforated

by a tubular alimentary canal, pelvis formed of four plates,
costals six, supporting the scapula, from which the arms pro-
ceed. This genus should be placed between th^ genera of
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Cyathocrinites, atid Actinocrinites
;
it contains two species given

to Mr. Say, by Dr. Bigsby, who has lately brought one specimen
of them to this country.

1. C. ornatus. Costals, foUr pentagohsll and two hexagonal.
2. C. loricatus. Costal, five pehiagohal and One hexagonal.

Mr. Say proposed a New Family should be formed for the

Kentucky Arterial fossil of Parkinson, which he designates
thus :

Fam, BLASTOiDfiA. Column cdtiaposed of numerous articu-

lating segments, supporting at its summit a number of plates

connected, so as to form a calyciform body, containing the vicera.

Arms none. Branchia arranged in Ambulacree. This family

appears to be a link between Crioidea and Echinidce, It only
contains one genus, estabhshed by Mr^ Say, in Siliman's

Journal, called,
1. Pentremite. Coluraii cyliridribal^ {)etforated with irre-

gular side arms, articulating surfaces radiated. Pelvis of three

Unequal species, twO pentagonal, and dne quadragonal. Scapulae

large, very deeply necked for the reception of the tips of the

radiating ambulacra, obliquely truncated at the extremities,
each side for the reception of one side of a subrhomboidal

plates, or interscapular ; Ambtilacr^fe 5. Radiating from the

summits, and ending at the tip of the necks of the scapula, each
with a longitudinal, indented, line and numerous transverse striae

which end in a marginal serifes of pores, for the transmission of

respiratory tubes (?) summits with five rounded opening (ovaries)
and an angulated central one (mouth and anus).

1. Pentremite globosa. Body subglobular ; sutures with

parallel impressed lines. Bath, England. 2. Pentremite pyri-

formis. Body oblong ; pelvis gradually attenuated. 3. Pentre-

mate jlorealis. Pelvis ending abruptly, nearly horizontal.

Encrinites floreahs, Schloth. petrif. Kentucky Asterias Fossil,

Park, Org. Rem. ii. t. 13. Kentucky, Common.
There are only two papers on Entomology, the first a Descrip-

tion of new Hymenopterous Insects, collected in the expedition
to the Rocky Mountains, performed under the conimand of

Major Long, by Thomas Say, p. 307 ;
in which he describes

two species of Gryllus. 1 Acheta, 1 Tridactylis, 6 Pectatoma,
2 Cydnus, 4 Carcus, 5 Tygseus, 1 Acanthia, 1 Tingis, 1 Aradus,
2 Reduvius, 2 Cerixa, 8 Cicada, 1 Tulgera, 2 Plata, 1 Delphax,
2 Ceriopis, 7 Tettigonia ;

but for the description of them, we
must refer to the work itself. The second paper in this depart-
ment is a Description of a New Species of Trilobite. By J, J.

Bigsby, MD. p. 365. Found at Lockport, New York, and
named after Lieutenant Bolton, of the Royal Engineers.

Paradoxus Boltoni, t. 23. Oval blind
;
surface with small

tubercles, and striae
; clypeus rounded before

;
exterior angles
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extending in a broad spine ; abdomen 14 jointed, segments
recurved, falcate

;
tail membranaceous and serrated.

The remaining paper in the volume is the only one on Mine-

ralogy, entitled,
" Observations on the Zinc Ores of Franklin

and Sterling, Sussex County, New Jersey." By G. Froost, MD.
p. 220.

The first mineral described is a siliceous oxide of zinc, which

externally appeared to have undergone a partial fusion. It

agrees pretty
well with the European species in the chemical

composition, but it presents the primitive form of a strait rectan-

gular four-sided prism, with a square base, or a cube. It only
differs from the analysis given by Klaproth in containing three

per cent, of oxide of manganese. Its specific gravity is ii'UB to

4*15.

It also contains some Observations on the Red Oxide of

Zinc, on Jeffersonite, and on Carbonate of Zinc.

It is with pleasure we observe the resjularity with which this

work appears, and the excellent manner in which it is conducted.

Considering that each of these volumes appears every six

months, it cannot but greatly illustrate the natural history of

America, to have such a number of species described, and their

habits made known, in that short space of time.

Article XV.

SCIENTIFIC NOTICES.

Mineralogy.

1. Petrifactions of 3Iount Carmel.

The Rev. Pliny Fisk, American Missionary to Jerusalem,
sent a quantity of Minerals from Palestine to Professor Hall,

who has described them in the American Journal of Science.

We copy a small portion of his paper:
—

In a letter to the writer, Mr. Fisk remarks,
" I had heard

very often, that on one of the summits of Mount Carmel there

were very curious petrifactions of fruit. The Arabs said, there

were watermelons, and many sorts of smaller fruit, so perfect

that, at first sight, you would take them for actual fruit. In

my late journey from Jerusalem to this place, (Beyroot,) I

determined to investigate this matter ; and, with two Arabs who

knew, or at least pretended to know, where the watermelons

were to be found, I ascended the mountain. We found no

watermelons, but we found, in the mountain which is formed of

calcareous stone, some very curious formations, of which I

tend you several samples. I am not surprised that the ignorant
Arabs should have mistaken them for petrified fruit.'*
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They are, indeed, very extraordinary siliceous concretions.

A number of fragments of different sizes were forwarded, to-

gether with one entire concretion. This I shall describe. It

is about the magnitude of a twelve pound cannon-ball ; not a

perfect globe, and yet not deviating widely from that form. Its

surface is a light, ash gray, and formed of chalky carbonate of

lime, which effervesces on application of the nitric acid. It

bears some resemblance in its aspect, to the nodules of flint

taken from chalk quarries, and exposed a considerable time to

the action of the elements.

By a smart blow of a hammer, it was divided in the middle.
The interior thus laid open to the light presented several inte-

resting substances. The outer layer, nearly an inch in thick-

ness, consists of a yellowish gray hornstone, having a smooth,

fracture, and yielding sparks, easily and abundantly, with steeL

This surrounds a thin stratum of very beautiful milk-white

chalcedony. In the centre of the concretion is an irregular

cavity, lined with very perfect crystals of limpid quartz. On
one side of the cavity is a mass, an inch in diameter, of a hght
coloured friable limestone.

All the concretions are hollow ; but the cavities in the dif-

ferent specimens are surrounded by different materials. In one,
the inner surface is composed of translucent, and almost trans-

parent botryoidal chalcedony. In another, the surface of the

botryoidal chalcedony is covered with a white, smooth, unctuous,
siUceous matter. In a third, it is surmounted by a countless

number of elegant, pearly, microscopical crystals of quartz.
In a fourth, is a small mass of semi-opal, containing cavities.

Allusion is unquestionably had to these stones, in a paragraph
of Dr. Clarke's Travels. "

Djezzar Pacha, of Acre," says he,
*'^ informed us that upon Mount Carmel, he had found several

thousand large balls, and never could discover a cannon to fit

them." In a note it is added,
" We supposed that by these

balls Djezzar alluded to mineral concretions of a spherical form,
found in that mountain. As the Turks made use of stones,
instead of cannon-shot, it is probable that Djezzar, who was in:

great want of ammunition, had determined upon using the

stalagmites of Mount Carmel for that purpose." When 1 first

read Clarke, 1 had not the most distant expectation of ever

having the pleasure, personally, to examine specimens of these

singular stones.

Professor Hall concludes by observing, that from the speci-
mens sent him by Mr. Fisk, and the remarks of various travel-

lers, it may be inferred that a large portion of Palestine is of
limestone formation.

2. On theflexible or elastic Marble of Berkshire County.
Prof. Dewey describes this American marble as follows :

—
*' It has various colours, nearly white with a reddish tinge,
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gfay, and dove-coloured. Some of it has a fine grain ; other

specimens are coarsely granular and have a loose texture. It

Is not Uncommon for one side of a loose block to be flexible,
tvhile the other

part
is destitute of this

property. It takes a

good polish, and appears to be carbonate of lime, and not a

magnesian carbonate.
" It is well known that Dolomieu attributed the flexibility df

the marble he examined to its exsiccatioriy and that Bellevue
ascertained that %inelaHic marble might be made elastic by
exsiccation. The flexible marble of this county, however, loses

this property in part on becoming dri/. When it is made

thoroughly wet by the operation of sawing or of polishing, it

must b6 handled with great care to prevent its breaking, and
the large slabs of it cannot be raised with safety unless sup-

ported in'the middle as well as at the ends. The existence of this

property is doubtless dependent upon the same general causes

in marble as in other dense bodies.
" From the extensive view of marble given in Rees' Cyclo-

paedia, flexible marble appears to be a rare mineral. One of the

specimens
I have lately obtained is to be sent by the Austrian

Consul to the Imperial Cabinet of Vienna. As more speci-
mens may doubtless be obtained at a reasonable expense, I

would gladly aid those mineralogists who desire to procure spe-
cimens for their cabinets."—(American Journal of Science.)

3< New and extraordinary Minerals discovered in Warwick^
Orange County, New York.

The following is an abstract from Dr. Samuel Fowler's paper,
in the American Journal of Science :

—
Every thing extraordinary in the valleys of Sparta, Franklin,

and Warwick, belongs to the formation of crystalline limestone,

which, perhaps, has no parallel in any other region of the world.

Even Arendel and Wroe are inferior in mineral riches to this

crystaUine calcareous valley.
While recently exploring this formation, I made a discovery

in the township of Warwick, Orange county, N. Y. of minerals,
the most extraordinary for magnitude and beauty, which have

ever ye't come to notice. What will be thought of Spinelle

pleonasie, the side of one of whose bases measures three to four

mches, or twelve to sixteen inches in circumference? These

crystals are black and brilliant, sometimes aggregated, at other

times solitary ;
at this locality seldom or ever less than the size

of a bullet. Some are partly alluvial, their matrix decompos-
ing, but when unaltered they are found associated with what
has never yet been described, namely, crystals of serpentine,

slightly rhomboidal prisms of a magnitude parallel with the

crystals of spinelle, often greenish and compact, at other times

tinged yellow by an admixture of brucite.

These crystals bear not the smallest resemblance to the mar^
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molite of Nuttall, erroneously referred to serpentitie, oti the

mere ground of chemical affinity, by Mr. Vanuxem.
The magnitude of other crystals at this place (Warwick) is

equally surprising as that of the spinelles. Crystals of scapo^

lite, terminated, are to be found, each of the six faces of the

prisms measuring four iiicheS—or a circumference of tWenty-
four inches, or even more. They are of course rough and cor-

roded ;
but the smaller prisms, often with narrow replacements

on the edges, are very perfect and almost transparent—all of

these shghtly tinged with green.
In a very singular bed, subordinate to, and indeed in the

crystalline limestone occuring in the form of a breccia of the

old red sandstone, red graphic granite, and white feldspar, I

have found partly diaphanous, sottish, green octahedral crystals
of considerable magnitude for which I know of no ascertained

character. They appear almost similar in substance to steatite,

being easily cut by a knife. They are not however found, as

the spinelle of this locality, in Carbonate of lime. Considering
therefore this mineral as new, I propose to call it Pseudolite, in

allusion to its affinity to the pseudomorphotis crystals of steatite.

The following analyses are by Professor Gnielin^ of Tubingen,
in Wurtemberg :

—
4. Lepidolite.

Silica 62-254
Alumina 28-345
Ox. of Manganese 3-602
Potash 6-903
Lithion 4-792
Fluoric Acid 3-609

99-505
5. Helvin,

Silica , 33-258
Glucine 12*089

Oxydule of manganese 31'817
Protoxide of iron 5*564

Sulphuret of manganese 14-000

96-728
Loss by ignition . , . . , 1*555

Zoology.

6. On Lamouronx's Neiv Division ofthe Animal Kingdom,

Lamouroux, on the 7th of February, 1825, presented to the

Linnsean Society of Calvados, a Treatise on a new Distribution
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of the Animal Kingdom, in which he proposed to divide it into

two groups, thus :

1. Aerozoces, Living in air or water; organs of respiration
double ;

water rarely useful, sometimes injurious ; skeleton com-

posed of articulated pieces; head always distinct; organs of
locomotion formed of jointed pieces; lateral opposite, parallel,
or in pairs, that is to say, symmetrical; nervous system den-

droidal, very apparent, composed of amonihform spinal marrow,
each knot or joint of which received two trunks of the principal
nerves ; reproduction by union of the two sexes, separate on the

different individuals. Dioicous.

2. Hydrozoces, Living in the water, or in a damp air ; organs
of respiration simple, or indistinct ; water indispensable to all

the individuals in all ages and in all states
;
skeleton not inter-

rupted or wanting; head sometimes apparent, usually wanting;
organs of locomotion never jointed, nor symmetrical, often

w^anting; nervous system slightly apparent, often invisible, with-

out any spinal marrow, sometimes radiating very rarely with a

cephalic ganglia. Reproduction by the union of unesexual

bemg in some groups (Dioicous) ; by the union of bisexual in

others (Hermaphrodite) ; and without sexual union in others

(Agamous). In the last the reproduction is oviparous, gemmi-
parous, or fissiparous.
The 6rst of these groups contains the Vertehrata and Anmdosa

of Cuvier, and the second the Mollusca Radiata and zoophites
of the same author. Lamx. Bui. Sci. Nat, 1825.

The division is exactly the same as that proposed by Mr.
W. S. Macleay, in his paper on certain Laws which regulate the

Arrangement of Insects and Fungi, which was reprinted in the

Annaisy vol.vi.p. 324,and abridged into the Bulletin of Sciences

for 1824. .

7. On the Horn of Plentyy
a Variety of the Common Garden
Snail.

A most beautiful specimen of the monstrosity of the common

garden snaW {Helix asperse) called the Cork screw, or Horn of

plenty, on account of the whorles being separate from each other,

so as exactly to represent the figures of the latter, was disco-

vered a few months ago in a gjarden in Devonshire.

This monstrosity
was first described by Born in his descrip-

tion of the shell in the Museum of Maria Theresa, where he

formed it into a genus under the name of Corni {Born 31us,

362, t. 13, f. 10, 11, and Vignette, p. 361), and gave three good
figures of the shell. Chemnitz added monstrosmn to the named
and copied figure of Born. Shaw, in his Naturalist's Miscellany,

figured the shell, and under the name of Cornucopia Helicina

(xiv. t 518). Gmehn and Schroeter considered it as a specios
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oiSerpula, calling liS, cornucopia, 2ind Mr. Dillwyn used the

latter name, but confounded it with Serpuia helicina of the

Portland cabinet, which is Magilus aritiqnm of Lamarck, and

does, as Mr. Humphreys describes, live in stones and corals ;

and Mr. Dillwyn, arguing from this fact, observes, that '* the

habitat which Mr. H. has given precludes the possibiUty of its

beino' a distorted land shell." Ferussac, in his Synopsis of the

Species of Snails, does not refer to these synonima, nor take any
notice of the monstrosity.

Article XVI.

NEW SCIENTIFIC BOOKS.

PREPARING FOR PUBLICATION.

An Essay on the Geological and Chemical Phenomena of Volca-

noes, being the Substance of Two Lectures read before the University.

By C. Daubeny, MD. FRS. Professor of Chemistry at Oxford.

Botanical Sketches of the Twenty-four Classes of the Linnean

System, with Fifty Specimens of English Plants, &c. Post 8vo.

A Treatise on Epidemic Cholera, or Sketches of the Diseases of

India, including Statistical and Topographical Reports, &c. By
James Annesley, of the Madras Medical Establishment. 8vo.

A Practical Treatise on Poisons; forming a Comprehensive Manual
of Toxicology. By J. G. Smith, MD. 8vo.

On the Digestive Functions, and the various Complaints incident to

their disordered State; with a General View of Curative Dietetics.

By J. A. Paris, MD. 8vo.

The Economy of the Eyes, Part II. of Telescopes, with an Abstract

of the Practical Parts of Sir W. Herchell's Writings on •

Telescopes,
Double Stars, &c.

An Anatomical Description of the Ligaments as connected with

the Joints, with Observations on the Injuries to which they are liable.

By Bransby B. Cooper, Esq. Lecturer at Guy's Hospital. Royal 4to.

Plates.

JUST PCTBLISHED.

Antediluvian Phytology, illustrated by Fossil Remains of Plants

peculiar to the Coal Formation of Great Britain. By Edmund Tyrell
Artis, FSA. and FGS. Royal 4to. 21. lOs.

A Century of Surgeons on GonorrhEea, and on Strictures of the

Urethra. Pimo. 7*.

A Voyage towards the South Pole, in 1822—4 ; containing an Exa-
mination of the Antarctic Sea, to the 74th Degree of Latitude, &c.

By James Weddell. 8vo. Plates. ISs.

The Works of the late Matthew Baillie, MD. with an Account of
his Life. By James Wardrop. 2 vols. 8vo. 25s.
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Report on the Mines in the Eastern Division of H^yti, «pd the
Facilities of Working tUem. By W. Watton. 2s. 6d.

Report of W. Chapman, Esq. Civil Engineer, on the Manchester
and Dee Ship Canal. Plates. 4-^.

Medipal Researches on the Effects of Iodine in Bronchocele, Para-

lysis, &c. By Alex. Manson, MD. 8vo. 125.

Manuale Modicum, or Medical Pocket Book, for the Use of
Students. By H. L. Sanders. 12mo. 5s.

Ah Introduction to the Use of the Stethoscope, with its Applica-
tion to the Diagnosis in Diseases of the Thoracic Viscera, &c. By
W. Stokes, MD. 6s. Gd.

Article XVII.

NEW PATENTS.

G. H. Lyne, John-street, Blackfriars-road, machinist and engineer,
and T. Stainford, Grove, Great Guildford-street, Southwark, smith
and engineer, for improvements in machinery for making bricks.—

Aug. 23.

W . Parr, Union-place, City-road, Middlesex, for improvements in

the mode of propelling vessels.—Aug. 27.

J. Bowler, Nelson-square, Blackfriars-road, Surrey, and T. Galan,
Strand, Middlesex, hat-manufacturers, for improvements in the manu-
facture of hats.—Aug. 27.

C. Mercy, Edward's-buildings, Stoke Newington, Middlesex, for

improvements in propelling vessels.—Sept. 8.

W. Jefferies, London-street, Radcliffe-cross, brass-manufacturer,
for a machine for impelling power without the aid of fire, water, or

air.—Sept. 15.

J. A. Teissier, Tottenham-court-road, for improvements in steam-

engines.
—

Sept. 15.

C. Dempster, Lawrence Pountney Hill, for improved cordage.-*

Sept. 15.

G. H. Palmer, Royal Mint, civil engineer, for a new arrangement
of machinery for propelling vessels through the water to be effected

by steam or any other power.
—

Sept. 15.

A. Eve, South, Lincolnshire, carpet-manufacturer, for improve-
ments in manufacturing carpets, which he intends to denominate

Prince's Patent Union Carpet.
—

Sept. 15.

I. Lukens, Adam-street, Adelphi, machinist, for an instrument for

destroying the stone in the bladder without cutting, which he deno-

minates Lithontrepton.
—

Sept. i5.

Sir T. Cochrane, Knt. (commonly called Lord Cochrane) of Ton-

bridge Wells, Kent, for a new method of propelling ships, vessels, and

boats, at sea.—Sept. 15.

C. Jacomb, Basinghall-street, wool-broker, for improvements in the

construction of furnaces, stoves, grates^ and fire-places.
—

Sept. 15.
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Article XVIII.

METEOROLOGICAL TABLE.

. ., ,
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REMARKS.

Eighth Month.—1. Fine. 2. Showery. 3. Fine. 4,5. Showery. 6. Rainy:

8ome lightning with thunder about three, p.m. 7. Fine. 8. Showery. 9. Fine.

10. Showery. 11, 12. Fine. 13. Rainy. 14. Fine. 15. Cloudy. 16—20. Fine.

21. Fme: sultry. 22—26. Fine. 27. Rainy. 28. Cloudy. 29. Showery.

30—31. Sultry.

RESULTS.

Winds: N, 1 ; NE,S; E, 4; SE, 3; S, 1 ; SW, 8; W, 4; NW, T.

Barometer : Mean height

For the month , ,. 30*049 inches

Thermometer: Mean height

For the month 65-064O

Evaporation 3*95 in.

Rain 2'93

Laboratoryy Stratford^ Ninth Month^ 26, 1825. R. HOWARD.
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Article I.

On a Digest of the Plans of Ships in the British Navy. By-
John Major, Foreman of Chatham Yardj late of the School of

Naval Architecture.

(To the Editors of the Annals of Philosophy,)

GENTLEMEN, Chatham Yard, Oct.% 1825.

Among the many plans that may be had recourse to for

attaining a knowledge of the principles of naval architecture, it

has appeared tome that none is so likely to produce the desired

effect as a digest of the plans of ships in the British navy. By
this is meant an analysis of their forms and equipments, and a

comparison of their elementary compositions with the sea service

of the ships.
To speak more particularly, I think the following elements of

every sea-going ship in the British navy, if calculated and gene-
rally made known, would throw more light on this subject than

any courses of experiments on resistance, on models of ships, or

than any theoretical deductions alone, though conducted by the
first rate mathematical genius. They are, the channel service,

foreign and light displacements, or the weight of the whole ship
when fitted for channel service, foreign expeditions, and the

weight of the hull
;
the principal dimensions, viz. the length on

the load water line, breadth and draught of wa,ter
;
the areas

of the load water plane and midship section
;
the place of the

centre of gravity of the displacement, or its distance from the
load water line and the middle of the length of the ship ; the
centre of gravity of the ship and its contents^ obtained by an

experiment, which is here appended ;
the height of the meta-

centre at the mean height of ports out of water
;
the length

of masts, and size of the sails, so that the w'hole surface ofcan-

vass, set with different strengths ofwind, might be seen, together
with the centre of effort of such sail ; the weight of the metal

'New Series, vol. x. y
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on each deck, of the masts, rigging, ballast, water, and provi-
sions

;
the moment of the guns out of water, or their weight

multiplied into the distance of their common centre of gra-

vity from the water, which is the best criterion of their force.

The force of stability at 10° of inclination ought also to be
calculated by Atwood's method, arid it would serve in the

experiment for finding the centre of gravity of the ship.

Analytical research might be carried further than this at

a more advanced period of naval architecture in this coun-

try, and ought to be ;
but at present, perhaps, the above

outline should not be exceeded. When the analysis is interest-

ing, Dr. Inman's calculation for ascertaining the form between
"wind and water to make the ship revolve round a longitudinal
axis ought to be appUed.

By documents in use at the Navy Office, the dimensions ofthe

ship, of their masts, and the number of guns and men, with the

draught of water, and an incorrect estimate of the tonnage, are

already officially noted. The accounts of the ships there

obtained are, however, from the infant state of the science of

naval architecture in this country, not very minute, or adequately

descriptive. It is impossible for one person to obtain by private
calculation enough data to guide him sufficiently in designing

ships, yet nothing more than what is stated is the result of

official duties.

Although much has been done by the present naval adminis-

tration in introducing scientific knowledge into our dock yards

by the appointment of the students from the School of Naval

Architecture to offices in them, yet it has not become the official

duty of any one officer to be concerned in the theoretical con-

structions of ships. It, therefore, happens that the above

elements recommended, are by no means generally known, some
of them not at all, and most of those supposed to be so, imper-

fectly : the error is, therefore, as bad as ignorance ;
and henc6

has arisen the practice of
building

from foreign ships. ^'J

As the British navy contains ships of all nations, the inves-

tigation proposed would go far to exhibit a comparison gene-

rally of ships. It might be desirable also to obtain an analysis
ofsome of the latest trench and American ships, both merchant

and martial.

In October, 1821, I submitted the above plan to the Honoui^-

able Navy Beard, and they did me the honour to approve of it,

by consenting to the execution of it by myself only, on account

of economy. As the work, however, is sufficient for the physical
exertions of six mathematicians for four years, with the requisite

assistance of labour from the dock yards, such an approbation
Was abortive. It was announced to me in Oct. 1822, "that it

was not considered necessary to prosecute the work any furthisr

at present." The object I had principally in view was to derive
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a theory of Tessels from facts
;
in addition to this, it would

afford correct official data for computation, and a navy which
costs 15,000,000/. sterling in every ten years would have its

construction founded on accurate estimates. I have ardently

pursued the study of the subject since, and in consequence do
not hesitate to state, that the government would save by it more
than the value which the execution of the plan would cost,

besides raising the dock yard service of the navy in scientific

competition with that of foreign powers.
Col. Beaufoy and Mr. G. Harvey, of Plymouth, a few months

ago, in the Annals of Fhilosophi/, recommended a course of

experiments on resistance as the only means of extending our

knowledge of the scientific construction of ships. So strongly did

the latter assert the necessity of it, thathe said "
all was darkness

and uncertainty without it." It is my opinion, however, from
the little advantage hitherto derived from such courses, and the

difficulties of applying what knowledge could be obtained from
them to ships, that it is by no means a promising track of pur-
suit for a theory of vessels. The maximum of the power of

carrying sail must be united with the minimum of resistance, and
both with the weight of hull, pitching, and rolling qualities, &c.
When we consider the paucity of knowledge applicable to ship-

building, arising from the efforts of the splendid constellation of

genius that pursued the subject of the resistance of fluids in the

French Academy for twenty years (from 1770 to 1790); the

results of the ardent application of the Society for the Encou-

ragement of Naval Architecture, in making 10,000 experiments
for the same branch of knowledge ; together with the failures of

several other distinguished bodies and individuals :
—our expec-

tation from the institution of another course of experiments on
resistance ought not to be very sanguine. To obtain the theory
of resistance seems to be more in the department of a national

learned body, as the resolution of a fine physical problem in

mathematics, rather than as a work to be depended on for

improvement in ship-building.
If we can ascertain the force or moving power of the sails

acting at the point velique or resultant of the resistance, we may
note 100 formal expernnents on resistance in every ship that

goes to sea
;
and this I believe it possible to obtain to a very

near degree of approximation, probably as nearly as in any regu-
lar experiment on a model.

Again, if we have the resistance at a given velocity of a ship,
which may be obtained by swinging a ship in a stream, and

measuring the pull, we have the power of the sail acting at its

centre of effort when this ship sails on the ocean with such a

celerity as the given motion.

Ships sail on different lines of bearing ;
therefore the best

form for resistance in one direction is not likely to be that in the
y2
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other. The maximum of the power of carrying sail is also to be
united with the minimum of resistance. The smallness of the

ship for expense and saving of timber, the working by pitching
and rolling, and the weatherly qualities, are all to be blended
and properly considered in a ship. And this it appears to me
can be only developed by the analysis of facts, and critical

methods of comparison. In this manner a generalisation of

principle would soon, on a little study, occur to a reflecting

mind, and facts would check the speculating fancies which have
hitherto been the principal ground for the different forms of

ships.
The most important information we have respecting ships is

that by increasing the principal dimensions of the various

classes of ships, maintaining a similarly constructed body, we
have faster sailing vessels. Conversely, if we similarly reduce
the forms of ships, we have slower going vessels. This is

derived from the observation of facts. And although the princi-

ple leads to greater expences, yet the superior quality of
sailing,

renders the adoption of increased vessels desirable. By this

means three ships may expedite what four others do : they
would also have the advantage of overtaking all weaker enemies,
and avoiding fleets and more powerful ones. The importance
of such ships was never so much shown as in the late American

war, where six large frigates eluded an English navy of six

line-of-battle ships and 30 frigates. For the last 200 years the

principle has been increasingly acted on
;

the French have

always preceded us in it, and still continue to do so.

The above feature in vessels is not the only one to be consi-

dered : there are others necessary to make a good ship. A ship
of the line may be built of better quahties than our 74 gun ships,
and cost 6000/. less. This the Swedes have effected through
the eflbrts of Chapman, their great theoretical constructor of

ships. The Swedish 74 is 360 tons less in weight of hull,

•which would make the saving just asserted, being 1250 tons,

while ours are 1 600 tons in weight. They are sufficiently strong
to stand the storms of the Baltic for 20 or 30 years without

considerable repairs, and carry one-fifth more weight of metal.

The plan of floatation is larger, and the midship section consi-

derably less : they carry more sail, so that most probably they
sail faster by two knots an hour

; they also carry more ballast.

From three different authorities of unquestionable verity, I have

it in my power to confirm these assertions by presenting the

analysis of each.

Chapman will be of immortal memory in ship-building. Per-

haps, next to Bouguer, who calculated the metacentre, and first

established the true method of stability, he has rendered most
service to naval architecture. He had not the advantage of

early initiation into mathematics, but in mature life he made
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considerable progress in them, and exercised his knowledge with

great effect. He appears to have applied himself with much

energy to the study of the formation of ships by observing the

effects of their different forms and equipments, after a similar

plan to that laid down in this article, though not with such great

advantages as improved calculations since afford, nor on so

ample a field for observation as an analysis of the British navy.
Neither did Sweden in the time of Chapman produce a corps du

genie maratime of thirty students of naval architecture, of good
mathematical attainments, and who have been devoted to the

study of all the problems of the theory, as well as being ac-

quainted with the practice of ship-building.
The plan is equally applicable to steam vessels. The French

have already done this, by sending a mathematician ofthe name
of Marastier over to America, in 1823, who has given the ana-

lyses of above 100 steam vessels, with a theory derivable from
•them.

The knowledge of the place of the centre of gravity of the

ship and its contents, is of the greatest consequence. Most
mathematicians have agreed that it is the centre of rotation in a

ship. Without knowing it, the stabihty cannot be measured in

any case. It has not been found in this country on more than

two ships. By calculating the moments of the weights from a

horizontal plane, and dividing by the whole weight of the ship,
the point was ascertained on the Bulwark and on the Ajax, at

the School of Naval Architecture, under Dr. Inman, in 1817.

It was found to be at four feet five inches from the ports in each
case nearly, or at one foot seven inches above the channel ser-

vice water-line. In obtaining the point in this way, the objec-
tions are, the method is very long, and the specific gravity of

wood differing at sea, from absorption and exhalation, it is liable

to errors. The vertical moments are, however, highly useful for

more than one purpose. The time of its calculation for each

ship was two persons for a year each, besides the assistance of

labour in weighing many of the component articles, as stores,

blocks, &c.

To find the point at any period of a ship's service without

regard to the specific circumstances of each component weight,
must evidently be a most important acquisition. This was first

proposed to be done by an experiment on the ship itself by
Chapman, the eminent Swedish naval architect, in 1793. It

has not been undertaken in this country for any ship. Chap-
man's mode of ascertaining the point has two objections belong-

ing to it. He uses the metacentre as a measure of stability at an

angle of 8° or 10°, which is decidedly erroneous. This is, how-

ever, easily corrected by substituting Atwood's equation of sta-

bility for it. The second objection is, that he has overlooked,

apparently, the change of place of the centre of gravity of the
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ship by moving his guns on one side. This lattei* obscurity
caused Mr. Charles Bonnycastle, late of the School of Naval

Architecture, but now Professor of Natural Philosophy at Char-

lotteville, near Washington, Virginia, United States, who was
the best mathematician belonging to our institution, to reject the

proposition as illegitimate in its conclusions
;
and he bestowed

considerable time in endeavouring to find it experimentally by
other means. His attempts were, however, unsuccessful. The

difficulty is here obviated by finding the new centre of gravity
of the ship, and by investigating its line of transfer, we are

enabled to ascertain the point in the upright position of the

masts.

As Chapman's mode is performed by moving the guns and

component weights of the ship, some naval architects have

regretted the inconvenience of the method. This induced me
to study another mode of effecting it by inclining the ship by a

horizontal force applied to the masts, by which the weights of

the ship are not disturbed, augmented, or diminished : it is here

appended.
For the resolution of the problem for finding the centre of

gravity of the ship, by mov-

ing weights horizontally, let

C A O D B represent the bottom
of the ship, A B its load water-

line in tlie inclined position,
C D that in the upright one.

Suppose E to be the centre of

gravity of the displacement, G
that of the ship : let M be the

place of the guns, which are

transferred to N, in a direction

-at right angles to the masts.

Now the new centres of gra-

vity of the displacement and

ship may be found from the translations of the parts of them,
the guns and newly immersed part, which latter must be

equalto the emerged part. The lines of transfer are parallel with
those ofthe parts, and in distance they are inversely as the weights.

Suppose Q to be the new centre of gravity of the inclined dis-

placement, and m to be that ofthe ship. Join Q m, and produce
It to the plane of the masts. Now since the ship is in a state

of quiescence, Q m is perpendicular to A B.

Draw G Z, E T, parallel to A B, and G R perpendicular to it.

Then put V for the whole volume displaced of the ship in

cubic feet of sea water; A for that of the immersed part by
inclination, in the same measure; x for E G, the unknown dist-

ance ofG from E; W for the weight of guns in cubic feet of sea

water ; d for M N, A for the angle of inclination ; and b for the
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transfer of immersed part. We then have G m =

= ^Lli^. GZis also equal to ET - ER =
W d . COS. A __ JA

V

Wd
V
bA

327

andGZ

— xsin.A*

Hence,
V

X . sin. A ==:

bA-^W d. COS. A

— X, sm. A.

& A W d . COS. A

X = V sm. A

To obtain the value of 6, A and V, see Atwood's Stability*
• The other mode is for finding the centre of gravity of the ship

from knowing the force of the sails, or any given power, with

its.place of action on the plane of the masts. It may be also

used conversely. Thus, if we know the centre of gravity of the

ship, we can tell the inclining power of the sails at a certain

inclination.

Let a power P, measured in cu-

bic feet of sea water, incline the

ship a known height from the

centre of gravity of the displace-

ment, which represent by a. Let
A be the angle of inclination of

the vessel, G the centre of gravity
of the ship, E that of the displace-

ment, Q the new centre of gravity
of the displacement. Then using
the same notation as in the last

proposition, GP = a — ^_,RT
DrawGRor G Z = — - X s.

perpendicular to A B, and PR
parallel to it. For this expres-
sion of stability, see Atwood's

disquisition on the subject.
Now since the power which inclines the ship is equal to the

buoyancy of
stability, the vessel being at rest, F . a — x , sin. A

is equal to V . G Z. Or,
V . G Z = P . G R

• V X sin. A = P . fl
— x . sin. A

h A — X sin. AV= P«sinA— F x sin. A
P X sin. A — X sin. A V = P a sin. A — h A

= F a sin. A — 6 A.. sin. A •— V . sin. A
P a sin. A — JA

P sin. A — V sin. A
*

* The theory of Stability, which consists in finding the distance of the vertical central

line of buoyancy fron^ the centre of gravity of the ship, is applied to all forms of ships

by Atwood, in a disquisition on the subject in Phil. Trans. 1798, Part H. The inves-

tigation applies exactly to finding R T, which is equal to G Z aboy«.
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The
foregoing

sketch of an analysis of the ships of the navy,
with a view to derive from it a body of experience to guide the

designs of his Majesty's ships, includes all the principal elements
of a ship's composition. There is no new calculation introduced,

except l)r. Tnman's for ascertaining the necessary form between
wind and water to produce transverse motion in rolling, and the

experiment for finding the centre of gravity of the ship and con-
tents. A regard has been had to making the comparisons on a

general and comprehensive scale, rather than on a minute refer-

ence to particulars, which do not materially affect the ship's
qualities, and would render the calculations extremely diffuse.

At a more advanced period of the science of naval architecture
in this country, an analysis more refined in its parts may be used
for comparing cases of particular interest, when the principal
limits have become famiharly known.
The manner in which the inductive mode of philosophy is here

applied to ascertain the principles of ship-building, from its

extreme brevity, is more imperfect than it is thought the project
itself is capable of being shown to be. In a future article some
account of experiments on ships, to ascertain the relative velocity
of the ship and wind, and the centre of mean resistance, will be

given.
Our navy of England consists of 500 ships of war, of which

120 are line-of-battle ships. Of these, about two-thirds may be
said to be **

good conditioned ships for sea." The extent of the

calculations, therefore, appears very great. It must be remem-
bered, however, that there are only six difierent rates, which

have, for the most part, the same masts, rigging, guns, provi-
sions, 8cc.

;
and that in some cases 30 or 40 ships are built from

the same draught. The variations are, therefore, not so great as

might be imagined. Interpolations may also be used that will

give results with a sufficient nicety.
The liberality which the Admiralty have extended to the

institution to which I have the honour to belong, renders obliga-

tory every exertion on our part to promote the object of their

Lordships in the improvement of the navy; and I shall be

extremely happy if the foregoing disquisition should efiect it in

a humble degree.
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Article II.

Astronomical Observations
J 1825.

By Col. Beaufoy, FRS.

Bushey Heathy near Stanmore,

Latitude 51° 37' 44*3" North. Longitude West in time 1' 20'93".

Observed Transits of the Moon and Moon-culminating Stars over the Middle Wire of
the Transit Instrument in Sidereal Time.

1825. Stars. Transits.

Sept. 20.—TT Sagitt 18h 59' 25-63"
20—Moon's First or West Limb.... 19 36 52-17
21.—/Sagitt :.. 19 46 13-27
21.—57 Sagitt 19 42 05-92
21.—^Sagitt 19 48 05-48
2 1.—Moon's First or West lAmh 20 GO 40 36
21.—(rCapric 20 09 21-60
21.—)8Capric 20 11 14-73

21.—TrCapric 20 17 22-44
21.—^Capric 20 18 60-07

21._.TCapric 20 29 33-16
22 jSCapric 20 11 14-81

22—rCapric 20 29 33-55
22.—eAquarii 20 38 16-18

22.-325 Capric 20 41 07-04
22.—

/i Aquarii 20 43 1722
22.—8Aquarii 20 50 21-79

22.—Moon's First or West Limb. .. . 20 51 27-15
22—yAquarii 21 00 07-88
22.— 14 Aquarii 21 06 58-38
22.— 18 Aquarii 21 14 41-78

22.—e» Capric 21 35 44*89
27,—rfPiscium 11 39-90
27.—no Piscium 39 17-23
27 .
—Moon's Second or East Limb. . . 44 44-47

27.—75 Piscium 57 26-07
27.—8 Piscium 1 02 23-94
28.—75 Piscium 57 26-91

28.—311 Piscium. 1 01 00-48
28.— r, Piscium 1 22 12-89

28.— 101 Piscium 1 26 31-06
28.—Moon's Second or East Limb . . 1 31 38-88
28.—4Arietis 1 38 47-28
29.— 15 Arietis 2 01 01-71

29.— ei Arietis 2 08 29-57

29.—Moon's Second or East Limb. . . 2 20 14-54

29—36 Arietis 2 34 39-03

29.—40Arietis 2 38 49-24
29—oArietis , 2 46 04-2T

29.—8 Arietis 3 01 43-17

Sept. 17. Immersion of ^Ophiuchi I8h 39' 35" Sidereal Time.
Observation uncertain to three seconds.
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Article III.

On sofne Observations by Dr. Brewster in the fifth.
Number of

the Journal of Sciencey concerning the Crystalline Forms of

Sulphate of Potash. By H. J. Brooke, FHS. &c.

(To the Editors of the Annals of Philosophy.)

GENTLEMEN, Oct. 15, 1995.

It is only within the last week that I have seen an article

relating to myself in the fifth Number of Dr. Brewster's Journal

of Science, p. 147, containing insinuations and assertions which
are wholly unsupported by fact.

The article in question is one of those which Dr. Brewster

occasionally inserts under the title of " Decisions on disputed
Inventions and Discoveries."

On the general question of original discovery, we may borrow
from Dr. Brewster's own case an illustration of what ought or

ought not to be regarded as such.

Dr. B. either did or did not pilfer the kaleidoscope from

Bradley. If he did not
; if, during the industrious and extensive

researches to which, as the editor of an Encyclopaedia, we may
conceive him to have been led, he did not happen to meet with

Bradley's volume before he discovered the principle of the instru-

ment himself; and if on this ground he claims the merit of being
an original discoverer of a principle which was already knoion;

it would in him be no more than an exercise ofcommon candour
to concede to other second discoverers an equal claim to origina-

lity, except indeed in those instances in which there is strong
moral presumption, if not direct evidence ofplagiarism.
The article I have alluded to is the foUowins: :

—
o

*' Our mineralogical readers are no doubt aware of the bypjo-amidal form in which

sulphate ofpotash often crystallises. Count Bournon considered this the primitive form
of Uie salt. In a paper in the Annals of Philosophy^ Mr. Brooke has described this

form of the salt, and shows that it is a composite form, consisting of rhomboidal prisms
combined in the manner tcldch he has represented in a diagram.
" This composite form had been discovered long before by the agency ofpolarised light,

and the combination distinctly described in the first paper of No. I. of the Edinburgh
Philosophical Journal.

** j4s Mr. Brooke has made no reference whatever to that paper, it might have been

presumed that he. had not read it. But we find that he has actually read it and quoted it

in his lucubrations on the structure of apophyllite, with which he has favoured the

public ; and which have already shared the same fate as his speculations on the primitive
form of the sulphate-tri-carbonate of lead."

Now the insinuation which this article is intended to convey,

standing as it does among the notices of "
disputed discoveries,''

is, that I have assumed the credit of discovering something
which was already known, and had been previously discovered

by Dr. Brewster.
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Fig. 2.

But this insinuation is unfounded. It is not true that Dr.

Brewster had, as he asserts ^'
distinctly described^' the combi-

nation in question in the paper he refers to. Nor, unless Dr.

Brewster has learned something more on the subject since he

wrote that paper, does he even now understand how the bypyra-
midal crystals are formed.

The following is the short description I gave of this salt in

the Annals of Philosophi/ for January, 1824 :
—

Sulphate of Potash.

The primary form of this salt was, I believe, first determined by Mr. Levy to be d,

right rhombic prism, and described in No. 30 of the

Eoyal Institution Journal; but probably from not Fig. 1.

possessing sufficiently expLmatory crystals, Mr. L.

has not pointed out the relation of its primary form
to the bi-pyramidal figure under which it generally
occurs.

I have been enabled to do this in a very satisfac-

tory manner by means of a compound crystal which
I have obtained from the solution of a portion of this

salt in distilled water.

Fig. 1 is a single modified crystal.

3IonM- 120° SO'

MonA 120 45
Mone 146 22
/tone 146 10
cone" 112 20
eone' 131 12

Fig. 2 is the compound crystal, which consists of

three single crystals, so imited that their upper edges
meet at angles of 120", and consequently their planes
of junction inclme to each other at the same angle.
Hence

MonM" 119° SO'

eone" 130 24

There is not in this brief notice any attempt to set myself up
as the discoverer of the composite character of the bypyramidal

crystals. On the cuntrary, I suppose that fact already known,
and the evident object of the notice was merely to point out the

precise relation of the simple to the compound crystal which had

not to my knowledge been previously ascertained.

The reason why 1 did not refer to JDr. Brewster's paper on the

same subject was, that I knew it to be incorrect both in measure-

ment and description, and felt at that time no particular
motive

to expose these inaccuracies, iTor should I have noticed them
now if the task had not been forced upon me by Dr. Brewster.

The prismatic planes which commonly appear on the simple

crystals of this salt are those marked c aiid c^^in fig. 1, the mutual

inclination of which is 112° 20' very nearly, but according to

Dr. Brewster it is 114°—an error of not much more than a

degree and a half, and which may, perhaps, not be an uncharitable

toeasure of Dr. Brewster's ordinary precision.
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Dr. Brewster also supposes these planes c to remain upon the

compound crystal, whereas it is evident from fig. 2, that they
entirely disappear from that form. The measurement of the

planes e over M, in the bypyramidal crystal, is 112^ 44' very
nearly, instead of 114° as quoted by Dr. Brewster.

Dr. Brewster also alludes in his paper on this salt to crystals
with one axis and crystals with two axes of double refraction,—a
fact which seems to place another stumbling block in the way
of Dr. Brewster's optical system, and which affords additional

evidence that the optical characters of minerals are liable to

modifications from causes not yet understood.

I would have here closed my observations upon the article quoted
above from Dr. Brewster's review, had not the Doctor chosen
to tack to its tail what I suppose he intended for its sting

—an
observation about Apophi/llite, or rather, as I suppose he means,
about his favourite TesseHte, On this mineral, as I have shown
elsewhere. Dr. Brewster has allowed his imagination to revel to

the top of its bent; and whatever may be the fate of any other

of Dr. Brewster's novel speculations, his extraordinary disco-

very in crystal building
* relative to this imaginary species, is

not likely to have any other claimant, or ever to find its way
among

" Decisions on dupuied Inventions." It will remain a
memorial ofthe great extent ofthe Doctor's knowledge of nature,
and may at last be fortunate enough to occupy a niche in the

temple of Fame as a companion to the celebrated optical system
of Miss Margaret Macavoy.

But seriously, for really these sprightly effusions of the Doc-
tor's pen, in which, as regards myself, he has indulged himself

wherever an opportunity has been aflbrded him, scarcely merit a

serious attention, if the claim of Tesseliteio be ranked as a sepa-
rate species had any real foundation, it might have been expected
to be so distinguished in the latest work on mineralogy which
has been published in this country, I mean that by Dr. Brews-
ter's coadjutor, Mr. Haidinger.
But the observations of this gentleman on Tesselite, although

they are, perhaps, calculated to soothe the froward philosopher,
do not compromise his own judgment as a mineralogist.

The following extract from a paper by Dr. Brewster in the Edinburgh Philosophi-
cal Transactions for 1 823, announces the discovery here alluded to :

'' The Tcsselile could not,''' Dr. Brewster says,
*' have bexn formed hy the ordinary

process of crystallization^ but that a foundation appears to be first laid by means of
uniform homogeneous plates^ the primitiveform of which is pyramidal ; a central pillar

whose section is a rectangular lozenge, thr,n rises perpendicularly from the base, and
consists of similar particles. Round this pillar are placed new materials, in the form
of four trapezoidal solids, the primitive form of whose particles is prismatic, and in

those solids the lines of similar properties are at right angles to each other. The crys-
tal is then made quadrangular by the application of four triangular prisms of unusual

aculrness. 'These nine solids arranged in this symmetrical manner, and joined by tran-

aparent lines performing the functions of a cement, are then surrounded by a mall com"

posed of numerousfilms, deposited in succession, and the whole of this singular assem~

blago ii finally roofed in by a plate exactly similar to that which formed itsfoundation.'^
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He thus disposes of the mineral in question. "Dr. Brewsterhas

observed that in certain varieties (of apophyUite) to which he has

given the name of Tesselite^ the phenomena of double refraction

cannot be explained upon the supposition ofa single axis, and even

the properties ofthe mineral are not uniform in this respect through-
out the whole mass, but that it appears to be composed of

various parts acting differently upon light. It will depend upon
2ifuture accurate examination of the crystalline forms and other

properties of this substance in comparison with these observa-

tions, whether they will concur in fixing the limits of the species,
or whether this will depend solely upon the optical structure of the

mineral
Thus ihefate of my lucubrations* on the structure of apophyl-

lite, which, it will be recollected, went to show that the optical
characters of minerals were not yet sutticiently understood to be

relied upon for the discrimination of species, is their distinct

recognition by one of the best mineralogists ofthe present day.
H. J. B.

Article IV.

Notice on the Temperature of the Surface Water of the Atlantic ,

observed during a Voyage to and from Jamaica. By H. T.

De la Beche, Esq. FRS. &c.

(To the Editors of the Annals of Philosophy.)

GENTLEMEN,
My principal object in presenting the annexed notice of tem-

peratures for insertion in the Annals is to induce some of the many
persons who so often traverse the Atlantic to and from ourWest In-

dian Colonies, to make similar observations (than which nothing
can be more easy) respecting the temperature of the surface water

during their voyages, as we can only arrive at any thing like a

satisfactory theory on this subject from accumulated observa-

tions, made at different seasons of the year, and in various parts
of the Ocean.
The following observations were made at noon each day, the

temperature of the surface water being found by plunging a
thermometer into a bucket of water just taken from the sea, and
that of the air being ascertained on deck, and in the shade.

Currents must of course have considerable influence on the

temperature of the surface water, for instance, it seems probable
that the continuation of the Gulf Stream raises the temperature
to the southward of the Great Bank of Newfoundland.
As it is not, however, my present object to enter more fully
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on this subject,* I shall content myself by adding the following
list of temperatures, observed during my voyages, trusting that

they may be found useful by adding a few facts to our informa-
tion respecting the surface temperature of the Atlantic.

Observations made during a Voyagefrom England to Jamaica in

the Ship Kingston,
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Observations made during a Voyagefrom Jamaica to .Ejigtdndy in

his Majestifs Packet Francis Freeling,

-
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(/i) years on the payment of a fine of (b). What is the lease

worth, considering it as a perpetuity subject to the ground rent

and renewal fines, and allowing interest at r per cent. ?

Solution. MuhuOit:

Let,^^5=,,the
amount of U, at the end of^orte year/iift&^\)per

> -". ^ ^ I
•

, '^'/w^v-xsnrtN^
ax 1 —

:j7-
^

cent.; then will ^ ^

— be the present value of an'lannuity (a)

to continue for (m) years. But if (m) be infinite^ ithen will

=^ be = 0, and the present value of a perpetual annttity d ^ill

be R-l'
At the end of m years, the amount of the fines and the inte-

rest thereon will be 6 x R"' + 6 x R'"-" + /:> x R'"-'^", &c.
= 6 X (R'" + R—" + R'"-^", &c.) = F. Let p represent
the number of times //. is contained in m without remainder, and

put R*" + R""-" + R"-'"- ...... R— "» = S. Then dividing
this equation by R* we' have R'"-'* 4- R™-*'' + R"*-»* , ; , . .

j^m -y + • . » _
_^, ; ignd^^^ b>y subtracting the latter e(^ualti<in

< frbm

the former>^ Rn^^^R--^^^^'* = S -.
|-, and S = ^"'"^"".^^

^

; ' t -K"
,

i

~R^
. F, the amount of the fines and interest thereon will therefore

, , Rm— Rm-p + l-n.
, !.

be, = o X ——
,
and smce 1/. present mon^y is equal

to R* to be paid at the end ofm years, R* : 1 ::————— :

, the present value ot the nne^j,^ j
/

will b6''te'd too, -and the
quantity^ ;.L^

'

! i, .Ua! /ll^fffigiJ9?'^jf?}^®^y

^^
R"

^ ^'^ "jdiiijHdbiiuui

small will disappear from the equation, and
p

Wl\belthe

present value of the finWs oh a perpetuity. The present value of

the lease will, therefore, be r^-^ — ——r. W. B.
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Article VI.

An Outline of an Attempt at the Disposition of Mammalia into

Tribes and Families, with a List of the Genera apparently

appertaining to each Tribe, By J.E. Gray, Esq. FG8. &c.

(To the Editors oi ihe Annals of Philosophy.)

GENTLEMEN, British Museum.

Although popular curiosity is almost exclusively confined

to the study of the manners of this class of animals, an eminent

zoologist has observed, that notwithstanding the anatomy of the

Mammalia has had infinitely more attention paid to it than that

of all the rest of the organized creation put together, it is not too

much to say that their natural arrangement is as little or even
less knovi^n than that of any other part of zoology.

Indeed llliger and Cuvier are the only zoologists, since the time
of Linnaeus, who have paid attention to the classification of Mam-
malia. The arrangement of the former is professedly artificial,

and of that of the latter, the above quoted zoologist has observed,
that no where at least do we find inconsistencies so conspicuous
as in the following order (quoting that of Cuvier), which is that

nevertheless of the most learned comparative anatomist in

existence.

I have found the orders of Linnaeus, which are merely a para-

phrase of those proposed by Ray, to be exceedingly natural, and
several of my famihes have been established as orders and genera
by Cuvier and others. In the following sketch, the disposition
is more novel than the families themselves, except in the order

GlireSy where I have attempted (but not very successfully I am
afraid), to re-model them entirely, and to divide them according to

their general habits. In so doing I placed the genera together,
in what I considered natural tribes, and then threw them
into what appeared to be natural groups, and have at-

tempted to find out some character common to the tribes by
which these groups might be distinguished ;

but much more is

wanting to be known respecting the genera of this order.

I have added to each of the tribes a list of the published
genera which have come to my knowledge, with the name of the

original describer.*

§ 1. Teeth of the three distinct sorts, andforming a continuous
series.

Order I.—Primates, Lin.

The anterior, and the hinder extremity, with a distinct and

* The IMammalia at present in the JMuseum amounting to about 200 species, are dis-

posed, as far as is consistent with their being well seen in the present confeed space,
according to the following arrangement.

]>iew Series, vol. x. z
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opposite thumb ;
claws flat, small ; grinders uniform, tubercu-

lar ; condyle of the jaws round
; orbital and temj^flgiSi,l,fq5^^,dis-

tindt; penis free, pendulous ;
teats pectoral, t? ubiin^z/d .^o^«.'

*A(itnrQpomorpnous,
Fam, 1. HoMiNiD^E.

Cutting teeth four above and below
; grinders 6-5 above and

below ;
nostrils separated by a narrow septum.

b^^Tail none. \. Hominwa, Homo. 2. Simiina. Troglodytes,

Geoff. Simia, Liu. Hylobates, Illiger. h-Tail long or short.

3. Presbytina. Presbytes, Eschij, 4. Cercopithecina. Lasiopyga,

llUg. Cercopithecus, Lin. Cercocebus, Gecff. Macacus.
5. Cynocephalina. Cynocephalus, Brisson. Papio^ Brisson*

Fam. 2. Sariguid^.
Grinders 5-5 in each jaw, acutely tubercular, or 6-6 bluntly

tubercular
;

nostrils separated by a broad space ;
tail long.

South America.
-sv fTail end naked. X.Mycetina. Mycetes, Illig. 2. Atelina,

Aleles, Geoff. Brachyteles, Spix. Gastroraargus, Spix. Lago-
XhriKf Geoff, ftTail end hairy. 3. Callithricina. Cebua, JSro?/.

A.Saguinina. Sagainus, JL^ctT?. Nyctipithecus, 6^^/x. Pithecia,

Genff\ Brachypus, Spix. 5. Hajyalina. Jacchus, Geoff.

Midas, Geof.
**

Quadrupedoid.
-^»*' Ffl/??.3. LEMmiD^.
9l"Gnnders 6-6 above, 5-5 below; nostrils terminal; extremities

^ee ;
first linger of the hind feet armed with recurved claws.

-V ;^ ^^ead long ; grinders blunt. 1 . Lemuriva. Lemur,LiM. 2. Li^

''^kanotina. Indris, Lacep. Lichanotis, Illig. tfHead round.

3. Loridina. Loris, Geoff. Nyaticebus, Geoff. 4. Galagonina;
Otolienus, Illig. Galago, Adams. Cheirogallus, Geoff'. 5. Tar^

iMir, Tarsitis. 6. Cheiromifia. Cheiromys, Cttv. ;
-

uil>j".'
''

: .

Fam. 4. Galeopithecid^.
Grinders 6-6 above, 5-5 below, acutely tubercular ; extremi-

ties and tail enveloped in a hairy skin ; finger short.

Galeopithecus, Pallas,

Fam. 5. Vespertilionid^.
Grinders various, true 3-3 in each jaw ; tail, limbs, and fingers,

inclosed in thin, naked membranes, fingers vejy long> stretching
the membrane. ,

'
'

V wfNose leaved. 1. Rhinolophina. Megaderma, Geo/?'. Rhi-

*«^^10phu8, Geo^. Nycteris, Geo^*. Morraoops, LeacA. Nycto-
•i^

jfeilUB,
Leadu 2. Fhi/llostomina, Phyllosiomu^, Geoff, Y&m-

pyrtis, 'Geoff'. Arctibeus, Medateus, and Monophyllus, Leach.

Diphylla, ipix* Rhinopoma and Glossophaga, Ge(>^'* f^fNose
leafless. 3. Pteropiua. Pteropus, Geoff. Cynopterus and
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Macroglossum, F, Cuv. Cephalotis, Geoff. Harpyia, Illig,
4. Noctilioni?ia. Noctilio, Lin. Stenoderma and Nyctinomus,
Geof. Dysopes and Moiossus, P. Cwv. 5. Vespertilionina. VeS"

pertilio and Plecotus, Geoff. Barbastellus, Gray. Probospid^a
and Thyroptera, •Sp2\r. Cdd\2ino, Leach. ^ v^

J^rder II.—FERiE, Lm.

^^^^ij^^ hi the fore extremities not opporsite ; toesi clawed;
tedtJs ventral

; penis sheathed.
'

vA

^Cutfing teeth six above and beloiv; grinders of three sorti,
^f,

FaWl. FELIDiE. ^
Toes only applied to the ground in walking. Nose scarcely

mobile, rounded.

fNo tubercular grinders in the lower jaws. 1. Hyenina,

Hyena, Brisson, Proteles, Geoff. 2. Felina. Felis, Lin.

Itjncus J Gray. Prionodon, iiors/. ftTubercular grinders in both

jaws. 3. Mustelina. Putorius, Zorilla, and Mephitis, Ciiv.

Mustela, Lin. Lutra, Ray. 4. Viverrina. Viverra, Lin.

Genetta, Cmu. Herpestes, i//zg'. Crossarchus, F.Cwi;. Suricata,

Desm. Paradoxurus, jF. Ciiv. Ictides, Valenc. 5. Canina.

Canis, Lin. Fennecus, Desm. Lycaon, Broo/ces. }

Fam.2. Ursid^.
The soles of the feet bald, cartilaginous, applied to the ground

in walking ;
toes 5-5 often armed with long claws

;
nose mobile,

often used in digging.
fTubercular grinders, 2-2 above, and 2-2 or 1-1 below. 1. Vr-

sina. Ursus, Lin. Danis, Gray. Prochilus, UUg. Helarctos,
Hots. Thalassarctos, Gray* 2. Procyonina. Procyon and

Nasua, Storr. ?Potos, Geof. t+Tubercular grinders 1-1 above

and below. 3. Gulonina. Gulo, Metz. Galera, Brown. Gri-

sonia. Gray. Mellivora, Storr. 4. Myadina. Myadus,
F. Cuv, 6. Taxina. Meles, Brisso7i.

^*Cutting teeth various (rarely six above and below); grinders

of two sorts
f fake and tubercular.

Fam. 3. TALPiDiE.

Cutting teeth distinct; grinders acutely tubercular; legs short

for "Walking or digging ; no nursing pouch nor marsupial bones.

Allied to Vespertilionid(e.
'^Fore feet fit for digging. 1. Talpina. Talpa, Lin. 2. Chry-

sochlorina. Condylura, liliger. Chrysochloris and Scalops,
Cuv. ttFore feet for walking. 3. Soricina. Sorex, Lin.

Mygale, Cuv. 4. Erinacina. Erinaceus, Lin. • 6» Tenrecina.

Temeciis^'^Lacepi^ 'b.^ Tupaina. Tupaia, Rafflea^d ^^^MicfrU
• ' - > - Z 2 ' ^ -:< :
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Fam.A. Didelphid^e. f.^^
.o .i^ur»

Cutting teeth distinct; canine sometimes wantitTg'f^^teairs

acutely tubercular ;
thumb of hind feet mostly distinct, clawless ;

nursing pouch and marsupial bones distinct.

.tl9^.^ting teeth six above, two below. 1. Macropma. Maci^o-

pus, '^^crif;. Halmaturus, Ilfigcr. Potorous, Desm, 2. PJialan-

^siiria, Acrobata, Desm, Petaurus, F, Cuv. Phalangista and

l3alaji,tia, Illiger.'l Phascolaretus, Blahiv. ftCutting teeth

not six above, and two below. 3. P/iascolomina. Phascolomys,

Illiger, 4. Didelphina. Didelphis, Lin. Cheironectes, IlUger.
5. Dasyurifia. Peracyon, Grai/s Dasyurus, Illiger. Phasco-

gale, lent. 6. Peramdina, Perameles and Isodon, Geoff. >

Fam.b. Phocid^. ^
-^^^"^

Cutting teeth six or four above, four or two below ;
cbh?ne

teeth distinct
; grinders tubercular, or truncated ;

limbs short,

fiff-shaped, hinder ones horizontal
;
nostrils operculated.

fGrinders many rooted
;
ears none

;
nose simple. 1 . Steno-

rhyncina. Pelagios, jp. Cnv. Stenorhyncus, F. Cuv. 2. Phociiia.

Phoca. tt(Orinders roots simple, or divided, and with ears

distinct.) 3. Fnhydrina. Enhydra, Flem. 4. Otariina. Otaria,

Peron. Platyrhynchus, F.Cuv. 5. Stemmotopina. Stemmoto-

pus and Macrorhinus, F. Cuv.

% 2. Teeth not of three sorts, or not forming a continuous series.

Order III.—Cet^, Lin.

Teeth none, or all similar, conical
; body, fish-shaped, nearly

bald
;
limbs fin-shaped, hinder sometimes forming a horizontal

tail. ;

'

.^j -
. .^i<'ii« Ji4t

^Skin smooth, without any hair or ioJ\iskers. , ,

Fain. 1. BALiENIDiE.
Head very large, one-third the length of the body. 1 . BalcE"

nina. Balsena, Willoughby. Balsenoptera, Lacep. 2. Physe-

Uwiuh,jiiBhy^Qlu9yLacep. Physeter, Lin. C?iiodf^i^^lm'

Fam.^. DELPHlNlDiE.
!

Head small or moderate; body long; blbW'ers^iinlt'ecl.'' 1. Del-

phinina. Delphinus, Lin. Delphinorhyricus, Blainv. '2. Phoca-

niua,^ Phocaena, Cuv.
Delphinapterus^^Xacej;.^ He^er^don,

,zy^*Skin rather hairy, whiskers distiMt^',^igfmdm^jlat>^lopped.
.^2il'«;/«. 3. TRiqHECHiD.*:. >^ \m,.'.m <

;

"•

Body oblong; hind feet, rather prominent, cla^w^y tail short,

separate; canine upper, very long exserted.

Trichecus, Lin. •a.aioaii.il
.M^^>;V

>«».^4:'MAN'jy¥i^^.:
"''^ ' ^

'jfUowiflid3^Sai«D0

\iQi \ saoJ Yiav Jaei Uau jViioria issl aiui \'>-
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Fam.b. HALicoRiDiE. ^ .iftOTH^jaaia .^ .m^\

aaelwijio (^ioniiaib vll^ora Iba'l bnrrf 'to dmoril jifilf/oisdij:^ -{biwai,*

}, (Jutting, two in each jaw, large, strong, separated from
the grinders by a space; canine teeth none; condyles of the

jaws longitudinal ;
orbital and temporal fossae united

;
toes dis-

tinct, with small conical claws
;
thumb sometimes

rudimenta^i^I
[Exceedingly difficult to arrange;. the following is otilyM

attempt according to their habits.]

'

'\,,'^''^

^Ftit with scattered larger hairs or spines ; tail spiny or scal^'^
Fam. 1. MuRiDiE.

Cutting teeth two in each jaw, lower, awl-shaped; grinders

simple or compound, upper shelving backward, lower forwards,;
hmbs proportionate ;

tail scaly; fur.w,i,tU;S^ffftttpr|ej|iJ^r}g|^r£^§^

or flat spines; clavicles distinct.
^ h^loo-rvnem »i9hnriO+

fGrinders rooted, simple. l.Murma* Mus, Jim. Otbmys,
F. Cuv. Capromys, Desm. 2. Hi/dromina. Hydromys, Geoff',

ttGrrinders rootless, compound. 3. Ondatrina. Ondatra.

4. Castorina, Castor, Lin, Osteopera, Harlan, 5. Echy^
mina, Echymys, Geoff^, Heteromys, Desm. Saccomys, jp,
/"*

''.'

Fam. 2. HisTRiciDiE.

Cutting teeth two in each jaw, lower, truncated
; grinders 4-4

in each jaw, rooted, compound; tongue and^ body coveped^^ith

spines; clavicles none. bsaBrk-nri gdmlf
^
bkd

fTail short. 1. Histrix, Lin. 2. Acanthia. tt'^^il elon-

gated. 3. Erythizon. 4. Spygurus. 5.
Simthurus^ F, Cuv.

\fcS.' ^^Fiir nearly equally soft ; tail3mne^<^hsai^^ bsiM
jpfifn.^. Leporid^. i

-vuVsVgM'jWs'^il ,Boa«lB8[ ,ftwk

Cutting teeth two in each jaw, d^ four in tlie ra^per^Sney^owelp
one subsubulate ; grinders numerous, rootless

;
ears generally

large ;, tongue often hairy ; eyes large ;
clavicles none

;
fore feet

short : hinder ones long; ; tail none, or very short, hairy ; £ur

soft. "

t I J '
>

fCutting teeth four ''^M^'^'f^'teporina. Lepijs.
? Z^

mina. Lagomys. ffCutting teeth two above. 3. Caviiua,

Cavia^ jLw. Kerodon,jF.C/i<v* 4. Hydrocharina. Hydrocharus,
Brisso)i. 5. Dasyporcina. Cselogenys, Illig. Dasyporca, lllig,

DoliehotiSjijDessb inc>nuno'iq "iJiUii\^;it^^.i tiLiid ,v^;apido ^bod.

Fam. A. Ierboid^. ,\ .Hji-^'ufohT

Cutting teeth two in each jaw ; grinders simple,, <WP cc^injp^i^id,

rooted; ears moderate; eyes large, prominent; elaviqle^fjdis-
tinct

;
fore feet short (used as hands) ;

hind feet very long ; tail

long, hairy, used in leaping or walking ; fur soft.
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fGrinders compound or rootless. 1, Pedestina, Pedestes,

J//fg.
2. Dipina, Dipus, Schreb. Meriones, F.Cuv.not Illiger,

ttGriuders simple, roots divided ; legs nearly equal. 3. Gcrbil-

Una, Gerbillus, Desm, 4. Myoxina, Mvoxus, Gmelin,
5. Sciii^rhta. Sciuropterus, F, Cuv. Pteromys, Cuv. Macroxus,
F. Pm^. Sciurus, Lin, Tamia, Illiger, The latter genus is

very closely allied to Arctomina,

Fam. 5. Aspalacid^.
Cutting teeth two in each jaw, lower chisel, or awl-shaped,

often very much exposed ; grmders compound or simple, rarely
rootless

;
ears and eyes often very small, sometimes hid

;
clavicles

strong; limbs proportionate; tail none, or hairy, cyhndrical;
fur very soft. »\

fl. Aspalacina, Orycterus, F. Cuv. Bathyergus, Illiger,

Aspalax, Oliv, 2. Lemnina, Arvicola, Lacep. Sigmodon,
Say, Neotoma, Say, Lemnus, Liu. tt3. Cricetina, Crice-

tus, Lnap. 4. Pseudotomina. Pseudotoma, Say. Diplostoma
and Geomys, Raff, 5. Arctomina, Arctomys, Gmel. Spermo-
philus, JP. Cuv,

Order V.—Ujsgulata, Ray. Bruta, Pecora, and BelluaD,L//<.

Teeth irregular ; cutting and canine teeth often wanting in one
or both jaws ; grinders all similar, sometimes wanting ;

toes

large, covered with hoofs or large conical claws.

*Two middle toes large, equal; bones ofthe metacarpus aiid meta-

tarsus united.

Fam. 1. BoviDiE.
Two middle toes separate ; cutting teeth eight below ; upper

jaw callous
; grinders Q-Q in each jaw ;

frontal bones with horns ;

gullet with two large pouches just before the stomach, used for

holding and soaking the food before it is chewed ; using their

head and horns in defence.

jf
Horns

persistent.
\. Bovina. Bos, Lin. Ovis, Lin. Capra,

Iltn. Antilocapra, Ord. Antilope, Brisson. Catoblepas, Gray,
Med.Rep. The nostrils of this genus are very peculiar, being very

large, and exactly covered v\^th a moveable lid. 2. Camelopar-
dina. Camelopardalis, Lin.

ttHorns none, or deciduous. 3. Camelina, Camelus, Lin,

A'uchenia, Illiger, 4. Moschina, Moschus, Lin. Memina,

Gray, M, R, 5. Cervina. Muntjaccus, Gray. Coassus and

Capreolus, Gesner, Axis, Blainv, Cervus, Lin, Dama, Gesner,

Tarandus, Pliny, Alus, Pliny,

Fam. 2. Equid.e.
Two middle toes soldered in one ; cutting teeth six in eachjaw ;

canine teeth one in each jaw; gullet and stomach simple : using
the hind feet in defence.

Equus, Lin, Asinus, Gray,
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'^^Toes3AtOr5Joeach foot, nearly equal ; teeth nearly in one series,

i^2W.3. ElEPHANTID^. ^* Vvv {\ ^? 'u
Grinders rooted, transversely ridged ; toes o-3,' o^/ of 5-8.Y '.

last joint covered with a hoof; skin thick, nearly naked
; hair^

'

large, ridged ; gullet simple. ^'^\

fNose extended into a trunk. 1. Elephantina, plepha^,;!
Lin, Mastodon, Cuv, 2. Tapirina, Tapirus, Briss, Lophio-
don and Paleotherium, Cuv. tt^ose not produced into a
trunk. 3. lihinocerina. Rhinoceros, Lin. Hyrax, Herman,

(allied to Cfifu/zwa.) Lipura and Elasmotherium, feeder.? Ano-

plotherium, Xyphodon^Dolichotuna, Adapis,Anthacotherium and

Chseropotamus, Cuv. (all very much allied to Suina). 4. Suina,

Sus. Lin. Babiroussa, Phascochajrus, F.Cuv. Dicotyles, Cuv^,
5, Hippopotamina, Hippopotamus, Lin. (allied to Halicorid&l^i

jPam. 4. Dasypid^. ,.7,

Grinders rootless, crown flat, sometimes entirely wanting^
face long, acute

;
mouth mostly very small

; body armed witlji

scales or ridged hairs. ^^^

fBody covered with scales and armour, revolute. 1, Manirif^^f^.

Manis, Lin. 2. Dasypina. Tylopeutes, Illiger. Priodon, F. Cuv,
not Horsf. Dasypus, Lin. Chlamyphorus, Har/fl^i. ffBody
hairy or spinous, not convolute. 3. Orycteropina. Orycteropus,

Geoff. 4. Myrmecophagina. Myrmecophagus, Lin, Taman-

dua. Gray, M.R, Cyclothurus, Gray^^.^^p^yOrnithoryncina.
Echidna, Cuv. Ornithorhyncus, Blum,

±am. o, Bradypid^. , ^
Grinders rootless, cylindrical ; crown, when young, conical;'

tail round
;
neck short

;
limbs very long ;

teats pectoral ; hair,

dry, crisp; stomach two or three celled (allied to Loridce in habits).

Bradypus, Lin. Cholsepus, Illiger. Megatherium, puv. .

Megalonix, Jefferson. "'^^7
'.

'^

I have placed Glires between Cetcd ^indUngulata thQ.t the orders

of mammaha and birds should be parallel in analogy; and also

because both orders have apparentlya nearly equal affinity to the
Primates by the genera Bradypus in one, and Cheiromys ia

the other; but the affinity oi Hippopotamus to some of the CetiZ ,

is much more apparent than any affinity that I am able to dis-

cover between any of the Glires and the latter. The Glires and
the Ungulata are allied by means of the genera Hydfoel^m

rfif;riDjB9 ni xj[g fii^3f^msim rstio m bBJshioBSBOH elbhim owT '

1180 : alqaiid dosmou bkm Jalhjp ;v/gj do£9 m ^jeio Aissi saias^
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The follo^ng series will exhibit the manner in whick the
orders appecir to be connected together:— , , , ,

f'w'^idj"! ' Ordtr I._Peimates. 'T'^ «f
'^^"-

MI h^y^iJ^VP'^'^^l Groups. Anncctant
G^o/tfJf.B ^[^^^J,

.

«<90ifiMr^^;.
Hominidae. 3. Lemuridee. >) fRrroft

aibolsk&i Sariguid*. 4. Galeopithecidse-.' ,f

"^-^ '^*'^*' " 5.
Vespeftilioniiif^'u>MjM-r^

,„, Or^er II.—FERiE.
' '^''^f^'

^'ofi^.i/d

, .

r^,.,J:am. 1. FeUdae. 3. Talpidae. I'^vTasdo
2. Ursidse. 4. Didelphidae^o, rionn li.

6, Phocidee. f.>J^tr.,r,

0;{/er III.—Cet^.
Typical Gronj)s, Anneciant Groups.

Fam. 1. Balaenidee. 5. Trichechidaj.
2. Delphinidffi. 4.? Manatidee.

-
J/

. ;:lju...ji ^^M^r-H^i^pridse.

Histricidee. Leporidee,
MuridsB. lerboidae.

AspalacidaB.

I am uncertain which are the typical families of this order.

Order V.—^^Ungulata.

Fam, 1. Bovidse. 3. Elephantidae.
2. Equidee. 4. Dasypidse.

5. Bradypidse.

Article Vil.

On the InJIiience of Solar Light on the Process of Comhusfion.

By Thomas'M'Keever, MD.

(To the Editors of the Annals oJ'Fhilosophj/.)

GENTLEMEN,
There is an opinion' prevalent in this, and I have reason to

believe in other countries, that the sun's rays, or even the ordi-

nary light of day, when admitted freely into an apartment in

which a common fire is burning, have the power either of dulling
it considerably, or should the combustion be going on languidly,
of altogether effecting its extinction. Hence it is a common
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practice to place screens of different kinds before the fire-place,
or to close the shutters of the apartment in order to prevent as

much as possible the access of light to the burning materials.

I was for a long time impressed with the belief that this was

merely a piece of popular prejudice, for which there existed no
rational foundation whatever, or that at furthest, the appearances

might be owing to the retina having become less sensible to the

comparatively feeble rays emitted by a body in a low state of

combustion while already under the influence of a stronger light.*
But as opinions so generally entertained usually rest more or less

on observation and experience, the best sources of evidence in

all such cases
;
and as I was unable to procure any information

whatever on the subject from the several works on chemistry
which I have had an opportunity of consulting, I was induced,

during the late summer, when we had such an unusual succes-

sion of steady sunshine, to make the following experiments.

Exper. 1 .
—Two portions of green wax taper, each weighing

ten grains, were both ignited at the same moment
; one of them

I placed in a darkened room, the other I exposed to broad sun-

shine in the open air : thermometer in sun 78° Fahr.
;
in room

67°: loss as follov/s : t , ti

In five minutes that placed in sunshine lost. . . v'. . . 8^ grs.
darkened room lost . . 9^

Exper, 2.—Two portions of taper, each weighing 23 grains,
were placed under similar circumstances, as in the former expe-
riment.

In seven minutes that placed in sunshine lost ..... 10 grs.
darkened room lost 11

We here see, notwithstanding the higher temperature to which
the taper in sunshine was exposed, which must of course have
favoured the liquefaction of the wax, and consequently its ascent
in the wick, that during the short period of seven minutes, there

was a difference of loss amounting to not less than one grain.

Exper. 3.—A common mould candle, fourteen inches in

length and three in circumference, was accurately divided into

inches, half-inches, and eighths, and exposed in the first instance

to strong sunshine : thermometer 80° Fahr.
; atmosphere remark-

ably calm.
, , _,

.
.

.....^a...i,,

* Hence it Is that the strongest light appears to produce the deepest shadow. A total

eclipse of the sun occasions a more sensible darkness than midnight, being moreittiriie-

diately contrasted with the strong light of noon-day. .
, . :

f I should mention that in all these experiments the snufF wa$. carefullyjemoY^
with a sharp scissars, whenever a quarter of an inc"h of taper was consumed. This was

obviously necessary as the length of the suufF is known to ififluence materially the rate of

combustion.
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' ^ ' To'consume one inch it took 69' 0'^

In darkened room (temp. (38° F.) . » . ^ , ^ 5& Q
In ordinary light of day (temp. 68° F.) . . 57 Iflfd 1,.^..

^ ixper, 4.—A piece of taper, seven inches in length; kn^'^fit-

eighVhs of an inch in circumference, w^s carefully divided into

inches, and, as in former experiment, submitted to bright sutf-

shiue : thermometer 79°. Mrt

To consume one inch it took 5' 0"
Transferred to darkened room (temp. 67°) 4-1-

In ordinary light of day (temp. 67°) .... 4 62

Exper, 5.—In order to vary the experiment, and to guard as

much as possible against the agitation of the surrounding atmo-

sphere, I procured two lanterns
;
one of them I coated with

black paint; the other I left naked. In these I placed two,

portions of taper, of precisely equal weights, and expose^ ^1^!^
both to a strong glare of sunshine.

I^T

*^ '

^

In 10 minutes that placed in painted lantern lost . . 16J- grs.
that placed in uncoated lantern lost. 15*

Eocper, 6.—With the view of ascertaining whether similar

results were to be obtained by exposure to the light of the moon,
I prepared the lanterns as in the last experiment, and took an

opportunity lately when this luminary shone forth with pecuUar
splendour, of trying its effects

;
but although I employed an

exceedingly delicate balance for the purpose, I could detect no
difference whatever in the loss sustained by the two portions of

taper.
After I had made these experiments, I naturally turned my

attention to an explanation of the principles on which results o f

so singular a nature could depend ; and it occurred to me that

they probably were owing to the well-known decomposing
power possessed by the solar ravs, in consequence of which the

shell of air that immediately encircles a particle of matter about
to enter into combustion, is deprived, to a certain extent, of its

oxygenous principle, and is thus rendered less fitted for the

maintenance of this important process.^ Thus in order to nar-

row and simplify the matter, let us suppose that one atom of

carbon is about to enter into combination with two atoms of

oxygen, we can
readily conceive that the chemical rays may

possess the power of withdrawing one of those atoms from the

• The diminished rate of consumption in this experiment was probably owing to the

want of a free current of air through the interior of the lantern.

f That an affinity or attraction is exerted between light and tlie particles of bodies

may be justly inferred from the great refractive jxjwer of inflammable bodies, which, all

other things being equal, must be supposed to attract light more powerfully than otliet

substances.—(See Ellis on Atmospheric Air, p. 167.)
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sphere of action, and thus offer considerable resistance to the

chemical union of the two elements. Further it may be sup-

posed, that when combustion has become very brisk, as it is

termed, the attraction between the combustible material and the

oxygen shall have become so energetic as to suspend or altoge-
ther to overcome the deoxidizing power of the sun's rays. Nay,
that those very rays which, at a less elevated temperature, had
but a few moments before retarded the process, may now contri-

bute materially to its acceleration. In this respect we merely
assign to them a property equivalent to that unquestionably

possessed by the calorific rays under particular circumstances.

In several instances these last mentioned rays have the power,
when of a certain degree of intensity, of causing the union of

several bases with oxygen, while at a more elevated range of

temperature, they will have the effect of occasioning their total

disseveration. Perhaps the red oxide of mercury affords us one

of the most remarkable and satisfactory instances of this circum-

stance. At the temperature of 600°, mercury will combine with

about 8 per cent, of oxygen, forming an acrid caustic substance

consisting of brilliant, sparkhng, deep red scales; but if the heat

be raised even a few degrees beyond this, so far from combin-

ing with a still further proportion of oxygen, the whole of this

principle is released from its combination, and the metal returns

to its original state of fluidity.
As the solar rays are now ascertained to consist of three dis-

tinct species of radiant matter
; namely, those that impart heat,

those that impart light, and the chemically acting rays, it

appeared to me that the best mode of putting the conjecture I

have ventured to advance to the test of experiment would be to

try whether any difference could be detected in the loss sustained

by a lighted taper when exposed to the several portions of the

solar spectrum. Accordingly I constructed an apparatus similar

to that described by Dr. Herschell in his interesting researches

on " the Power of the Prismatic Colours to heat and illuminate

Objects" consisting of a frame AB moveable on two centres,

into which I inserted a piece of pasteboard C D, having an open-

ing in it m n of sufficient size to allow the whole extent of one

of the prismatic colours to pass through.

/BUI
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I then placed a prism moveable on its axis before an opening
in the window shutter, so that the sun's rays should fall on it at

right angles, and having got the spectrum stationary on the

pasteboard, I allowed the rays of one colour only to pass at a
time. A piece of green taper, accurately marked after the usual

manner, was now ignited, and submitted to differentWttiptisbf
the spectrum with the following results : !"^ f:-mci naa

boniinoo nadv/ jdoK U , ;/. ij
.^^f^o^i^}ifi^e^tjf(Q

inches of
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,
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To consume one inch.

At the verge of violet ray it took. . . 4f 36^'

In the centre of violetfay. . , 4 26

green ray. 4 20
red ray 4 16

This short inquiry then, although, perhaps, not conducted
with all that delicacy and precision so necessary for strict philo-

sophical research, would appear to warrant two conclusions of

some interest. First, that the solar rays in proportion to their

intensity are possessed of the power of retarding to a considera-

ble extent the process of combustion
;
and that consequently the

popular ideas on this subject are founded in truth. Secondly,
that this phsenomenon is occasioned by the action of the chemi-
cal rays on the portion of atmospheric air that immediately enve-

lopes a particle of matter about to enter into a state of combus-

tion, aided no doubt by the high temperature^ of the portion of

materials that have already commenced this process.
Before concluding, I would suggest it as a subject for further

investigation, whether it may not be owing to the action of the

deoxidizing rays of the solar beam, on the various combinations

of matter diffused over the surface of our globe, that the vast

quantities of oxygen consumed on the various deteriorating pro-
cesses of nature and of art are again restored to the atmosphere
so as to preserve at all periods, and in every situation, a state of

constant uniformity of composition.
Plants, it is satisfactorily ascertained, give out a large quan-

tity of oxygen gas when exposed to sunslune, an effect that may
very fairly be attributed to the action ofthe chemical rays on the

carbonic acid generated in the minute vascular system of the

leaft Even the ordinary light of day has, in some instances,
been found capable of accomphshing the same purpose. Thus
marsh plants, as the 'polygonum persicaria and the lythrum salt-

catiaj yielded oxygen gas by a weak diffused light when confined

in an atmosphere ofnitrogen ; and difierent species of epilobium

vegetated a long time, and grew as well in pure nitrogen gas as

portion of the spectrum would appear to suggest the propriety of imparting this colour

to objects that we wish to render visible at great distances, such, for instance, as lights
situated along the sea coast. I am not aware of the experiment having been tried in

light-houses, and I should anticipate but one objection to its success ; namely, that the

blue colour of the atmosphere combining with the green would impart a yellowish tinge.
In the colouring of our apartments, however, and a variety of other occasions, this prin-

ciple might be advantageously attended to. The circumstance of our fields, as well as

the greater portion of the vegetable world, having been clothed with this delicate and

refreshing colour, may enable those animals that feed by night more readily to discover

their wonted repast. This, at all events, may be one end accomplished by it. The same

simple agent in the hands of an all-wise Providence is frequently employed to accomplish
the greatest variety of purposes.

* The temperature of a conmion fire, according to Irvine, 18 790°.

•f-
Saussure found that by the deconjposition of carbonic acid not only was oxygen

discharged fconijkh^ plant, but Uiat tlie proi>ortion
of its €«vrboivwa§ materi^yw^iascd.
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in common air, though exposed only to a weak light, or protected
from the action of the sun. The nitrogenous atmosphere at the
end of two months was increased in bulk, and contained -t^ths
of oxygen gas ;

whereas when similar plants were confined in

pure nitrogen gas, and kept in perfect darkness, though they
were renewed every twelve hours, lest their vegetation might
languish ; yet they produced no oxygen gas, but augmefiited
their atmosphere by a quantity of carbonic acid.* '

{Itnofiiqqi,
The production of the green colour in plants (a prCftJdisiIfifl&y

observe intimately connected with the discharge of okygen)f
has been clearly demonstrated to be influenced by the pdrtion of
the spectrum to which the plant may have been subjected ; and
these

changes, it has been further proved, were occasioned not

by the heating or illuminating rays, but by the peculiar properties
of the chemical rays associated with them. Senebier having
sowed different quantities of lettuce seeds in several small cups,
subjected them to the influence of hght transmitted through
fluids tinged of various colours. The leaves exposed to yellow
light were at first of a faint green, but afterwards became yellbw :

those exposed to violet light were of a bright green, and their
colour augmented with their age ;

while those raised in obscu-

rity possessed no verdure whatever,
ij;

- t j >

As animal substances (according to the experiments of Abfet-

nethy, Cruickshank, and Jurin) deteriorate the air after the
manner of vegetables ; namely, by the absorption of oxygen and
the emission of an equivalent quantity of carbonic acid gas, the

supposition seems not improbable, from their similarity in struc-

ture and other circumstances, that they also when exposed to

sunshine would
give

out oxygen gas. But for this, we have as

yet no data. I believe the experiment has not been ti'ied, and
I merely mention it as affording a field for curious and intere'sting

inquiry both to the chemist and physiologist. With regard to

inorganic matter, we find that the most compact and solid mate-
rials with which we are acquainted are incessantly subjected to

those slow and silent changes to which we commonly a])ply the
term decay. By this in truth we understand, that the elements
of which they are composed are constantly entering into new and
varied states of combination. Influenced by the physical ^^nts
that surround them, the results of this mutual interchange of

t;

We can readily conceive that during the ordinary light of day, the chemical ri^s,
from their dilute and feeble state, may not possess sufficient power to interfere (unless
in a few instances such as those to which I have alluded) with the usual functions of

plants ; but that during sunshine, their intensity may become so mudi increased w to

occasion a directly opposite round of changes, the air that had hitherto been contaminated

by vegetation being now restored to its original state of purity.

•f
** Tlie emission of oxygen and the production of the green colour in plants aj^ar

both to depend on the same cause—the decomposition of carbonic add; sothi^^iee
•cannot so properly affirm th&t the green parts afford oxygen as that thdy becotai grflen
Whiea feat gaa ia expelled."—(See Ellis^s Further Enquiries.)

> -.
•

1^ Further Enqnirie?, A:c. p. 78; Saussute's RdcheroIi«s,M]^.'Mrrr"
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affinities are again destined to pass away, and having thrown off

the forms they had assumed, they serve as the basis of other,

perhaps far different compounds. It has been usual to attribute

the changes here spoken of almost exclusively to the combined
influence of air and of moisture aided by inequalities in atmo-

spheric temperature.
=^ These no doubt are powerful, and to a

certain extent, effective agents ; yet when we come to consider

apparently the most simple pha^nomena, how many serious and

unbending difficulties have we not to encounter ? The co-opera-
tion of an active energetic principle such as that I have sug-
gested, would, it appears to me, afford a ready explanation of

many miscellaneous occurrences at present involved in much
obscurity. Above all, its well-known power of causing the dis-

engagement of oxygen from a variety of compound bodies would

appear to offer a fair and satisfactory explanation of one of the

most abstruse and difficult problems that has as yet engaged the
attention of scientific men. "By whatever process," observes

IMr. Elhs,
" the purification of the atmosphere may be accom-

plished, of this general fact we may rest satisfied, that as oxygen
is withdrawn from it in order to enter into new combinations, so

it can again be restored only by such decompositions as shall

set it free, and these decompositions must be as numerous, and
to an extent as great, as the combinations to which they
succeed."

I. am fully aware that this is a subject on which even a con-

jecture should be hazarded with extreme caution, but I trust its

importance, as well as the acknowledged want of any thing like

a satisfactory explanation of the principles on which such inte-

resting and important changes depend, will furnish an apology
for the lew imperfect ideas I have here ventured to throw out.

Whether chemically acting rays exist in the moonbeams is a

point I believe not yet fully determined. It is likely, however,
that they do, although in an extremely dilute and attenuated
condition. Indeed if the colorization of the leaf is once admit-
ted to be owing to the action of these rays (and of this the expe-
riments of Senebier appear to leave no doubt), we can hardly
hesitate to admit their existence.f The Abbe Lessief ,^nd

* Matter is commonly divided by chemists and natural philosophers into liviiig abd
dead^ but the distinction is probably not founded on rational or accurate views : what we

usually term dead matter is by no means inert or indifferent with regard to itself ; there

is not a particle of dust on which we tread but has its peculiar relatians and affinities, by
which it is enabled to form a portion of that perpetual round of modifications that form
so remarkable a feature in the material world. Attraction in fact may be said to consti-

tute the life of the inorganic masses of our globe.

•f Alihough no difference could be detected in the process of combustion when ca^ri^d
on by moonlight and in a darkened room, yet this might be owing to the imperfection of
the means employed to ascertain the weights of the respective portions of taper. The
light of this luminary does not amount to 1 00,000th part of that of the sun, and the very

. iieeble heat which this excites has never yet been detected by the most delicate contrivance
of art. Such may be the case with the chemical rays : our best devised experiments
may hot be able tQ dddect their presence, although feom ft

ya^etiy,of,S*!t}irf|.phsp»oiHena
their existence is hardly to be (j[uestioncd.
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others have both fully established the fact that the lis:ht of

the moon has the power of imparting the e^reen colour to plants,

although of a tinge less deep than that occasiomd hv tin; light
of day. Fitliis also that have been kept exxluded iroin the sun
are found to ripen with considerable rapidity when exposed to

the lunarrays.
' / • " • '^

'•/"
'

Finally, it may be stated^ the several specie* f^fwV^K tlittVfc^-
posethe solar beam would appear to ejiert the following 'l^;*^nc
but varied actions. . * jcjoibv

First, the calorific rays: they impart heat to the ' different

combinations of matter, organic as well as inorganic, and iliius

assist in the various chemical changes to which they are ittcliis-

santly subjected.
u '.•.n^

Secondly, the calorific rays by which theobjects that feUWUftd
us are illuminated, and but:,f0c fwhicdi'jit'il'Jobvious all 'nAtAVe

would be as a dreary blank.' ;f>!f'n o.'i* ''^' h^'h/oi ir»',<ji'»

Lastly, the deoxydizing or chemical rays, by means of whi<ih

(it is suggested) the oxygen consumed during combustion, respi-

ration, and a variety of other processes, is again restored to the

atmosphere, thus preserving this medium in a state cohstttkitfly

fitted for administering to the support of organized being^i'^^-'"*

.g,^
m\i f^^

Article VIII.

Answer to Mr, Rainy's Faper on the
S^fcifiQ^.^ Gemiyiai^^

Hydrogen Gas, By Thomas Thomscj|^,!)Siip^»J^^^ ^j^

In the Annals of Philosophy for August last (Vol. t.j^Vite,
New Series), my friend Mr. Rainy has endeavoured to shOvi^ that

I have underrated the quantity of vapour in hydrogen gas, by
making its specific gravity too low; and that when the errors in

my calculations are corrected, the specific gravity of hydrogen
gas is to that of oxygen gas not as I have supposed, as 1 to 16,
but as 1 to 16*54, or as 0-967 to 16. He draws as a conclusion
that my experiments disprove the hypothesis that the specific

gravities of all the gases are multiples by integer litlVhbers of the

specific gravity of hydrogen gasj
• "" '->'>. '^^' ^^'

I was anxious, before answering-thiB papiir'drMr. Rainy, fb

make a few additional experiments on the subject ;
and afs'the

manipulations were rather delicate, I thought it requisite 'id tWe

first place to get ray balance put into the best possible order, sind

my weights adjusted so as to render the unavoidable errors iri

weighing as trivial as possible. My friend Mr. Crichtdil, to

whose uncommon zeal, abilities, and accuracy, I have bd^i

already so frequently indebted, was kind enough to'|^ut rtty

balance into excellent order; but it vy^s almost the middle. Df

September before I was able to tjiecute the pi*o}€ote4 ex|>^^
ments. > ^
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. Mr. Ralny's paper is written with all that perspicuity, accu-

racy, and modesty, which I looked for from him
;
and had he

taken into his consideration all the circumstances of the cas0^^ ^

his conclusions would have been undoubted. But I flatte?

myself that I shall be able to satisfy him that if I have commit^
ted any error in my calculations, it lies exactly on the opposite

sijde: from what he supposes ;
and that instead of underrating,

I flayein reahty overrated the weight of the moisture which the

hydrogen gas ought to have contamed, on the supposition that

th(& theory of vapour at present adopted is correct. '^^^ » '' *' ^

In niy recent work, to which Mr. Rainy allude^,' l^^ld'^itiBt

consider it proper to enter into any details. I have not even
noticed all the data which were employed by me in calculating
the quantity of vapour in the hydrogen gas. It will be requisite,

therefore, to state some particulars of the experiments a little in

detail that the grounds of the calculations may be fully und^r^'

,Thftweigbit.:€*f lihe small flask in which I dissoiW^a^^i^ iinb)

w^$:7B6'9 grains. Its capacity was 8*8 cubic inches.
*''^^^

^ftoitrr

y'jrhe dilute sulphuric acid employed for
drssoil^i»^ th^lfe^fii^'

a mixture of very nearly t oi ^mwjummm lOi b^ltri

Water 1700 grs.

Sulphuric acid. . . , , 400

sd thai tM'ttsuar weight of the gla^s filled with dilute 'Sulphuric
acid was ^886*9 grains. This weight was not rigidly the sanie
in different experiments ; because the acid and water were
measured and not weighed. But the difference scarcely;
exceeded eight grains, except in aJew cases when the quantities
were purposely varied.

/jthe boiling point of my dilute acid was always 224°, except
in two or three trials in which the acid was made stronger on

purpose ;
but as none ofthese trials were employed in my deter-

mination of the
specifiChg|-^MityiiPf. hydrogen gae^^'^li'nreed

not

bring them under review.;^** ^.j^iillfn' uUi!/;lo >

The length of the glass tube filled with chloride of calcium
was 15 inches, and it^ weight when so filled varied from 815

grains to 820 grains in different experiments. K.uiH'U; v^ >'i *< s-^i^^i

j^hont two cubic inches of the flask were Mt^'enip'tyi^^^^tW^
zinc was introduced while the flask was kept in a sloping po^f^^'*
tion, and this position was maintained during the whole tini^"^

that the zinc was dissolving. This was to prevent any small

drops that might be elevated by the escape of the hydrogen gas
from making their way out of the flask. It was kept undei*

* The\« ig a typographical error m vol. i. p. 67, line 9 from bottom, of my late jvoik^^J
Instead c^,'^ about 18 cubic inches," it should have been ** about 8 cubic inches,^^VL/
New Series, vol. x. 2 a y^nt^m
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water of tlie temperature 49® during the whole time that the zinc
was dissolving, m order tb prevent aiiy elevation of temperature.
When the zinc was completely dissolved, the flask was taken

out of the water trough, and wiped dry on the outside. It was
then laid upon a t^ble with its mouth open, and gently moved
for about ten niiriutes to allow the two cubic ihches of hydrogen
gas which it contained to make their escape, and common air to

take its place. It was then weighed, taking care to allow it to

remain on the scales till the weight became stationary, if it was
not so at first, which, however, was generally the case.

When the tube containing the chloride of calcium was
detached from the flask, I put that extremity of it which had
been furthest from the flask into my mouth, and, drawing a long
breath, displaced the whole of the hydrogen gas which it con-

tained, substituting in its place the common air of the room.
The tube was then wiped dry and weighed.

After these details, which will enable the reader to appreciate
the degree of confidence which may be put in the experiments,
I shall follow Mr. Rainy through his calculations.

Mr. Kainy says that I have employed an erroneous formula

in calculating the specific gravity of vapour. In fact, however,
tlie formula which 1 used is precisely the same as his

; excepting

that he has introduced an additional term —. I
didi]ipf;cf|ij]^ffler

it as worth while to introduce this additional term
;
because

some uncertainty still hangs over the value of p, and must con-

tinue to do so till the law of the expansion of vapour be accu-

rately determined. But I have no objection, since Mr. Rainy

chooses it, to introduce the term ^, It will in fact produce only

a very trifling alteration in the result.

I must begin by reminding Mr. Rainy that the boiling point
of the liquid from which the hydrogen gas was evolved was not

212°, but 224^, or 12° above the boiling point of water. It was
a liquid that required to be raised 12° higher than water before

it gave out the same quantity of vapour that water placed in the

same circumstances would do. It was necessary on this

account to reduce the temperature of 49° (at which the experi-
mefit was made) by 12°

;
for the vapour given out was what

would have been given out by water of the temperature 37°.

The volume of gas extricated at 49° was 137*08 cubic inches.

To find its volume at 60°, we have this analogy, 497 : 508 ::

137-08': 140-396 cubic inches = volume of gas at 60°.

The pressure of vapour at 37° (according to Dalton's table) is

0*237 inch of mercury =r p. Let us calculate the specific gravity

of this vapour by Mr Rainy's formula, which
isr^,-

x
|^

x 0*625

= Rpecific gravity^
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->iBi saw :A8fih edi fio7io0b=^hi^^7>o ^b^ oiiii sd^ aotlW

Bvom ^^ 40 396.
,

^, ri„„^, ,,^
^i^,.|l 4/356L, ^^.^j ^^,^^^

.

t lifinommoo hap ,^q^'>R^ ibfft ^ifr/rr o^ ^'h.nin'^fton fioMw j^/^-

«w
ii'iiL^i©^^87;..'^/jj^P^gf.tiliai'i;^.-ii|j Il4^1»374748? no difim'ii

Ld§-80^^^ ''^lf«m^^ ge'f\ ,t^VS7^^hI ,r4771212iV if; o^ ion
Bw miriMlxi') to '3bnoM'> '^jlt v.„;. ..,.,-« ^^ r/orfW
erf flardw if lo Yt^f^^'^Ttro txifli i.c — 8'8976275i

b^r^fj.jjj^^r,

•roo Ji (fn.S' fO'SPiDy/T 0(fr to eloilw yn f{> flte^'fr-

° V D^.rfof'r^^/ 5nn" v'th bocf! / '^^dnt Vii'l

.,-Ai^bsi(j(ji5gi M'^M^.^lftov.lil^jiqini- 3-8976275. r!t j^M

•

''ftrfftiot aifo^narm fffi.; bf^Yolqms '£»T^rf- ]_ii^7Q3gg91 .^^jj ^j^

The number to which this logarithm corresponds is 0*6()80o695!j= specific gravity of vapour at 37° (or extricated from weak

sulphuric acid of 49°). Thus the specific gravity calculated by <i

Mr. Rainy's own formula, instead of being higher than I made
it, turns out in fact rather lower.

'"^[' ^^-

^

The difference between this and my former calculati8n^ Js^'

owing to some little alterations in the data. But these altera-
'

tions, for reasons to be immediately stated, I consider it as need-
less to discuss here. M

Now the absolute weight of this vapour calculated by the .

obvioMiormula 0-00505695 x 137-08 x 0*305 is 0-21 143,grs,

;T£og.0-0050569S-?^'T;J^^ 3-7038891 i^r ^rftl.

^'^ Loi.l37-08;nJ^^^^^l^ :.. +2-1369741 ^^cJ .^SJfS:

; u Lol 0-305 ^^^^^^^'"-''' - 1-4843000
'* 'fr/n j .ji

ft 110 yie«^^r>^fT pp^f>^'»T -'-r __ 1.3251632 "nr'J

The number fcorresponding to this logarithm is 0-21143. Tl^ia .

is about Tw^^^ ^^ ^ grain less than I estimated it. ^ Mu v/'
These details have been both tedious and minute ; biit they

'

were necessary to satisfy Mr. Rainy that my conclusions are notr
liable to the objections which he supposes. i

If we subtract the 0-163 grain of moisture retained by t^e
chloride of calcium from 0*21143 gr. The remainder 0*04843
will be the moisture still retained by the gas. This is 0*011

grain less than my former estimates fi;i*>ii tUi^ wmp^ eadi'io
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If we take 0'048 from 3, the remainder 2-952 will be the

weight of 138*7551 cubic inches of hydrogen gas.
138-7551 : 100 :: 2-0'51 : 2-1274 « weight of 100 cubic

inches of hydrogen gas ; and admitting tiiat lUO cubic inches of

oxygen gas weigh 33*915 grains, the specific gravity of oxygen
gas is to that of hydrogen ga.s as 16 to. I'003(i. This deviates

less than -j-i-jjth
from the ratio of 1 to 16.

But a careful examination of my former experiments, which I

was induced to make by the perusal of Mr. Rainy's paper,
led

me to entertain some doubts about the accuracy of this mode of

proceeding. Of ten experiments which I formerly made, nine

gave a greater augmentation of weight in the chloride of calcium

than the weight of all the vapour that could liave been contained

in the hydrogen gas at the temperature in which the experiments
were made. Now it appeared somewhat unreasonable to lay
aside nine-tenths of all the experiraents, and to draw my conclu-

sions from the odd tenth. J was desirous, therefore, to try

whether by increasing the length of tube filled with chloride of

calcium, 1 could not render the gas perfectly dry, and thus get
rid of the necessity of introducing the specific gravity of vapour
into the calculation.

The experiments which I am going to give an account ofwere

four in number. They were made when the thermometer stood

at 60°, and the barometer at very nearly 30 inches, so that no

correction whatever was required for pressure or temperature. I

tilled three glass tubes with chloride of calcium, the two extre-

mities of each of which were stuffed in the usual manner with

amianthus. These tubes were united by slips of caoutchouc,
which were cemented into tubes by means of a solution of caout-

chouc in naphtha. The length of these tubes was as follows :

'

First tube 15 inches.

Second tube 22

Third tube 27

Total length 64

The zinc dissolved was 130*21 grains.

Weight of flask with dilute acid . . 2780*7 grains
'

Weight of first tube 815*95

Weight of second tube 1033*05

Weight of third tube 1051*79

The experiments were conducted precisely in the way already

^^ tjg^^rib^d^ aud exactly
the same precautions were.employed

in

eaiiWi^i^Wng the t^bes: •md fl^sk. The ;>veMh.er b^^pp^ be

-wiriirly^ 1 was afraid that some moisture might have insinuated

'''^i^iflhto the open end of the tube containing chloride of cal-
ww i'i\'^ir,i\ff T(..i-. . "T f

^ i
'^ .•'.- 7;'::,

gniiigbw 3ilJ ox bf^i'm
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cium. To prevent this, that tube was made to pass through
a perforated cork fixed in the beak of a tubulated retort containing-

some sulphuric acid, while a sewing thread doubled was inserted

between the tubulure and the glass stopper to ajljow the hydrogea

gas to escape as it was evolved. <^^ ri§P3v

The third tube containing chloride of^dalciu'm, which was

furthest from the flask, had undergone no alteration whatever in

weight. I concluded from this that three feet one inch of tube

filled with chloride of calcium was sufficient to render the

hydrogen gas as dry as it could be made by this method. In

consequence of this in a subsequent experiment, I omitted the

third tube altogether. ^n-^itiw u^ i oimtnsrngr^ fojue

The increase of weigliti$fi<lf^ s«con?d[t(iT3e^^ .'. . . 0*1 gr.
; / ni Q'wisiw first tube 0*84
i oj DionnodiitnnLf dBd'NSiUOR by

>;-.| |k ii
—

Mioo ym wmb oi bne .8tn6rane3^fet%lfe*Wii '4c»^y 0*94

oi .e'
- ;w 1 .rijn-^ b''«

bnoii; The loss of flask wa^j^^j^f ^.j, .^.
•: 4*8 grams.

; p.udi bnfi^ain of tubes
,^,.3^ •3fk.-f^iy(T^^*ix>PM'K^ .

'

^^^^^^ %eight of hydrog^ g^g^';. . ??.^W^;^
'

,

'^l^ov^ 130*21 : 100 :: 3-86 : 2*964 =2^ iveight ;of gas evblved

during the solution of 100 grains of zinc; and 130*21 : 100 ::

0*94 : 0*7219 = moisture deposited in the tube during the

solution of 100 grains of zinc in dilute sulphuric acid. The
volume of this gas being 138'7o51 cubic inches, it is easy to see

that when the barometer stands at 30 inches, and the thermo-

meter at 60°, the weight of 100 cubic inches of hydrogen gas is

2*136 grains.

According to this determination the specific gravity of oxygen

gas is to that of hydrogen gas as 16 to l-'OO??. This deviates

_.^th part frOm the ratio 1 to 16
;
and this ratio will be exact, if

it be admitted that an error amounting to 0-02 grain was con-
mitted in the weighing.*

If we calculate the weight of vapour which the hydrogen gas

ought to have carried off from the dilute acid, we shall find it to

amount to 0*313128 grain; but the moisture imbibed by the

chloride of calcium amounted to 0*94 grain, or three times the

calculated quantity. We must, therefore, either admit that our

notions respecting vapour are still imperfect ;
or that the hydro-

* It is reasonable to expect that the specific gravity of hydrogen gas as determined

ejipferimentally will be a little higher than the theoretical weight, because it is'almost

impossible to prepare it absolutely pure, and every impurity must necessarily increase

its weight. The zinc which I employed, though it had been distilled in an earthenware,

retort, was by no riieans absolutely pure; for I could still detect in it minute quantities

of foreign matter. Now it is surely not at all unlikely that so great a Tolume of hydro-

gen as 187 cubic inches might contain 0-02 grain of foreign matter. This is all the

impurity which it is requisite to admit on the supposition tibiat no error whatever wa^
committed in the weighing,

- *
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gen gas carries along with it and deposits in the chloride of

calcium small quantities ofsulphuric acid, or of sulphate ofzinc,
or of both together.*
Whether Mr. Rainy will consider an experiment which comes

within less tlian one per cent, of the ratio of 1 to 16, as esta-

bhshing the truth of that ratio, I cannot pretend to conjecture.
But 1 am sure that I am not able to come nearer the truth by
means of the balance which 1 employed. I am not at, all certain

that the real weight of the hydrogen was not 0*02 grain less

than 1 reckon it ; for notwithstanding the goodness of the beam,
and the scrupulous attention with which every thingwas weighed,
it is scarcely possible to guarantee a deviation from accuracy to

.so small an amount as 0*02 grain when the whole weight amounts
to 4769-91 grains, or not much short of a troy pound. This was

weighing to -^__i__-th part of the whole, a degree of precision to

which I believe it to be very difficult to attain.

But it was not by means of these experiments that I satisfied

myself of the truth of the ratio between the specific gravities of

hydrogen and oxygen gases. The evidence already brought
forward was conclusive. My object was merely to produce an

approximation by means so simple as would be hkely to satisfy
those who had not the requisite knowledge to draw their conclu-

sions from more complicated sources. It may be worth while to

mention a few of the facts upon which my opinion was originally
founded.

1. I determined by actual experiment that the specific gravity
of hydrogen gas is 0*0694. The subsequent determination of

Berzelius and Dulong will be found to approach so near to this,

that I have often been surprised that these ingenious gentlemen
did not perceive that 0*0694 approaches more nearly to the mean
of their experiments than the number which they themselves

pitched upon.
2. I consider the evidence which I have adduced in my late

work as conclusive that air is a mixture or compound of one

volume of oxygen gas and four volumes of azotic gas, or of one

atom oxygen and two atoms azote. From this it follows that

the specific gravity ofoxygen gas must be 1*1111, ifatmospheric
air be reckoned unity.

3. The specific gravity of ammoniacal gas, deduced from a

mean of the determinations of Sir H. Davy and my own, is

0*590237. It has been proved I consider to the satisfaction of

every person that it is a compound of one volume of azotic

,

• The diloridc of calcium would not merely imbibe the moisture contained in the

inr^rogen gas passing through it ; but it would be constantly absorbing the atmosphere

"^vapour m the enmtv w.irt of tbi- smiill fl:isk. Now as the experiment always lasted

*^^htuh4 iiim not : more vapour mi^ht bo a]?^fl(i;t>^ than

tnrough the chloride.
-f"|ij^jt)fpfig^ble^<i. ^,

.1. I.!: ^ciiiture in, the hydrogen; gas v/hich passed
the chic



1826.3 Dr» Thomson*s Answer to Mr. Rainy, 359

gas and three voli^>e§,,Qf ^4'^qgejqijig^s^,^90ud€nsed into two

volumes. -o ,ji..)i!.fcOi'>ydiiur'=: *o PiS>riitf .

2 volumes ammomacal gas weigh. . 1*180474

,, ,
I Subtract 1 volume azotic gas .... 0*972222

Remain for 3 volumes hydrogen gas 0*208252

The third of which/ ot 0*069417, must represent the specific

gravity of hydrogen gas.

Now 0*069417 : Mill :: 1 : 16*006.

Thus we see that the specific gravity of hydrogen gas deduce^
from that ofammoniacal gas is within -g-^L.

th part of^th of that

of oxygen gas.
4. Water has been shown to be a compound of one volume of

hydrogen gas and half a volume of oxygen gas united together,
and condensed into a liquid.

Weight of a volume of hydrogen gas 0*069417

Weight of half a volume of oxygen gas .... 0*555555

Now 0*069417 : 0*555555 :: 1 : 8*003

Here we have the same ratio as before.

The compositions of water and ammonia have been deter-

mined with fully as much care as any thing within the whole

range of chemical science
;
and they concur in establishing the

ratio between the specific gravities of hydrogen and oxygen
gases to be 1 : 16. Indeed I am aware of very few numerical

ratios in any department of science that have been determined
with so much accuracy.

5. Even the specific gravity of vapour, upon which Mr. Rainy
lays so much stress, and which he considers as so completely
established, leads to the same conclusion, or rather indeed is

founded on the assumption of the truth of this ratio. This spe-
cific gravity has been settled at 0*625.

Now vapour is a compound of one volume of hydrogen gas
and half a volume of oxygen gas united together, and condensed

into one volume. If we subtract 0*555 from 0*625, the remainder

0*0694 must represent the specific gravity ofhydrogen gas ;
but

0*0694 : 1*1111 :: 1 : 16.

Ill reality, therefore, all the calculations and objections of Mr.

Rainy were founded on the admission of the very ratio which he

endeavoured in his paper to overturn.

I might easily brmg forward a great number of other proofs
that the specific gravity of hydrogen gas is exactly ^'-^-th

of that

of oxygen gas. But I have' already extended this pa p^^ much
further than I originally intended j

and I believe that in Great
Britain at least, the specific gravities of hydrogen and oxygen
gases, as I have here stated them, are universally '4dmitted to be
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tiue. I have royaelf considered the subject frequently, and with
all the attention of which I ara capable, and I am eatitfied that

a better established
j
fact is not to b6 found within the limits of

chemical science.

G/«,^o«., Oct. 1, 1825. ^0 ..mrw Koi/m ri)«u sdj lo mmO

Article IX.

On the Discovery of the Anoplotherium CommtJakmAf the Isle of
Wight, By the Kev. W. Buckland, Professor of Geology in

the University of Oxford.

(To the Editors of the Annals of Philosophy.)
Gdhi Josnoa 9,0irf G s> ^- *^

GENTLEMEN, , o,ft g|> f, }> ; ^-t^ Ox/orrf, Ocf. 4, 1824.

Since the publication of Mr. Webster's excellent Memoirs on
the Geology of the Isle of Wight, and the coasts adjacent to it,

no doubt has existed as to the identity of the freshwater forma-

tions that occur so extensively in that island with those described

by Cuvier and Brongniart in the vicinity of Paris
;
and this

conclusion has rested on the similarity of the remains of fresh-

water molluscee and vegetables which these formations respect-

ively contain, and on a correspondence in their substance, and
their relative position to other strata of marine origin, quite
sufficient to establish the contemporaneous deposition of these

remarkable strata at the bottom of ancient fresh water lakes in

the districts which are geologically distinguished by the appel-
lation of the basin of Hampshire and the basin of Paris.

There was still, however, a further point on which evidence

appeared desirable, inasmuch as the remains of the genus
Anoplotherium and other large lacustrine quadrupeds which occur
in the basin of Paris, had not been ascertained to exist in

England. This desideratum I have long felt anxious to supply,
and in a rapid excursion to the west of the Isle of Wight two

years ago, I sought for the bones of these animals in the cliffs

of Headon Hill and Totland Bay, and some adjacent quarries
of the interior, without finding any thing more than a small frag-
ment too indistinct to be considered decisive of a point to

which no other evidence had yet been adduced. But in the

month of November last, whilst occupied in looking over the

cabinets of Mr. Thomas AHan,i of Edinburgh, I discovered a

tooth, which he informed me ho had hiraBelf collected several

years ago in'^the Tsl^ of Wight in the quarries of Binstead, near

Kide^^andTwhieh itolediatoiy struck me as belonging to one of

thd' atvi,raidB^;l had teen so long in search of
;
and on ray subse.-?

quently^stR>wh1g it to Mr. Pentland (who is acburat^ly Versed id*

all the details of the fossil qimdrupedstQ^the'Pwna'basinJihe at
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once pronounced it to be a molar todtkitofi thes^owepjaw of the

Anoplotherium commune. !
'^ i fbrriw 1o aoitocf.

The annexed drawing of the tooth inqneslion being of the

Crown of the tooth much worn.

Base ofthe tooth with broken portions
of the roots.

I aa3iT'^

i Y^oIoaO.'io "loggi^pri ^baBliooH.

MM del.

natural size 'will give a ttiofe correct idea of it than can be con-

veyed by any description ; and as the evidence of its having
been found in the quarries of freshwater limestone at Binstead

(1 believe the lower freshwater) rests on such accurate authority
as that of Mr. Allan, we may consider this important and almost

only deficioat link in the chain of evidence that unites the

English freshwater formations with those of France to be now
supplied, and hope that this discovery will stimulate others

whose local position affords them opportunity, to persevere in

the attempt to collect further traces of the remains of this

remarkable class of extinct quadrupeds in the freshwater strata

of the Isle of Wight.

Article X.

Descriptio?is of Two New Minerals. By Mr. A. Levy, MA. of

the University of Paris.

(To the Editors of the Annals of Fhilosophy.)

. GENTLEMEN, OcU 14, 1825.

Herschelite.

The substance for which I propose this name, in honour of
the Secretary of the Royal Society, was brought by him from
Aci Reale, in Sicily, and has not yet been noticed, I believe, as

a distinct species.
It occurs in white, translucent, and

opaque crystals of the form represented
by fig. 1, sometimes isolated on thfi^'

matrix, but most generally very closely

aggregated in a manner analogous to

that in which in the crystals of preh-
iiite are so frequently met with, Tt^e

Fig. i.

?o1 ^(f* "^o efret'^b gdt Nr
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matrix, in the cavities of which it is found, greatly resembles

lava, but upon a close examination, I found it
entirely composed

of small grains and crystals of olivine, several of which I have

detached, and measured by means of the reflective goniometer.
Dr. WoUaston, with his usual kindness, has examined chemi-

cally a small quantity of Herschelite, and has found it contains

silex, alumina, and potash. These are also the constituent parts
offelspar and amphigene, but the new substance most certainly
differs from both by its crystallographical and other characters.

The form of the crystals indicates that they are derived either

from a rhomboid or a six-sided prism, but the exact dimensions
of the primitive form I cannot give, on account of the difficulty
of obtaining accurate measurements. The face p is always dull

and curved, the faces b^, though sometimes sufficiently brilliant

for measurement, are generally composed of a number of planes

slightly raised one above the other. The mean between several

measurements gives

p, b' = 132° b% ¥ = 124' 45'

If, therefore, we suppose the primitive form to be a six-sided

prism, and the faces h' to be the result of a decrement by one
row on the terminal edges, the ratio between one side of the base
and the height of the prism will be nearly that of equality. I

could obtain no cleavage either parallel to the base of the prism,
or in any other direction. The mean of two experiments to

determine the specific gravity gives 2* 11. The fracture is con-

choidal, and this substance is easily scratched by the knife.

Phillipsife,

Herschelite , is accompanied by another substance, which, I

also believe, belongs to a distinct species, for which I propose
the name of Phillipsite, in honour of Mr. W.
Phillips, whose contributions to mineralogy Fig. 2.

are so numerous and so valuable.

idi This substance occurs in minute white,

jtfdnslucent, and opaque crystals of the form

leprdsented by fig. 2. In the specimens from
'iA.ci Reale, these crystals are lengthened, i

adhere closely together radiating from a^oJ ^>
common centre, and forming globular concre«jjj84 sd

tions. It is also found in separate crystals'
) disseminated on the matrix with comptonLte
u,aind I other |substances, in specimens from

' v]M'esuviusi 'The form of these crystals is the

same as that of harmotorae, Haiiy has called

dodeiuiedf^y dAid the iucidences ol* the faces are nearly the same.
. iiEi'caMMe^uence of these analogies, Ihis substance has been
' 'oobftkleved by some mineralogisis as identical with haimotome.
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The incidences of the faces marked a' in the figure I could not

obtain with great accuracy, but yet they appeared to differ

constantly from those of harmotome, the most obtuse being

nearly 123° 30', and the less obtuse 117° 30'. The substance

appears to cleave parallel to the planes m and t, but not in the

direction of the diagonal planes as harmotome, and finally the

hardness is much less. These differences induced me to re-

quest Dr. Wollaston to ascertain whether this substance could

be chemically considered as harmotome. The result of his exa-

mination was, that it contained silex, alumina, potash, and lime,
but not the slightest trace of barytes.
The absence of this earth, which is an essential constituent of

harmotome, decides at once the propriety ofseparating the new
substance from that mineral, and to make a distinct species of

it. It is easy to verify the chemical difference between the two
substances in the following manner : ifa fragment ofharmotome
is pounded and digested for a minute or two in boiling nitric or

muriatic acid, and then the liquid filtered, a drop of sulphuric
acid put into it will give a precipitate, whilst there will not be
the least appearance of one, if Philhpsite be treated in the same
manner. I do not give the dunensions of the primitive form,
because the measurements are not sufficiently accurate, but it is

obvious that a right rectangular prism, or a right rhombic prism,

may be assumed as the primitive.

Article XL
On the Method of analyzing Sulphate of Zinc »

By Thomas Thomson, MD. FRS.

In my late work entitled "An Attempt to establish the First

Principles of Chemistry by Experiment," I have made the

analysis of sulphate of zinc the foundation on which I have
endeavoured to rear the whole subsequent doctrine of the
atomic weio;ht of bodies. I was obhged to begin somewhere,
and the analysis of this salt appeared as simple and as decisive

as any other. I abstained from describing the processes which
I followed, because I thought them rather too tedious for a
work of the nature that I had projected, and because it was in

my power in a book intended chiefly for my own students to

supply verbally whatever was wanting in the practical part. I

find, however, that I was mistaken in the opinion which I had
formed of chemists, when I supposed that they would have

given me credit for being acquainted with the usual methods; of

separating the oxide of zinc from acids. For I lately received
a letter from a gentleman, of whose practical skill 1 entertaii a

high opinion, informing me that my experiments audcaloular
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iidtis? vire^of very irffle'^Wii*, as I decd'mpOsed sulphate of zinc by
tirnplj/ pouriNij; cdr/nma'fe dJTspda into a cold solution of it.

This dssertion excited iii'me a good deal of surprise. Ido
not say in my work how I performed the analysis, but merely
fliitWfe^rilts ^vetfe ^o'ktld so. Now if a practical 6h6i^ist,

^^Mst'kn6Wth^"tikilal
mode of throwing dowri okide^'bf

Mifc'f)^ tffli:aline' carbo'iiiates, was induced from itif^ilenfe"to
ijbficlurfe' that I had experimented with so little regatd to'jit^-

dsiort, ^^ to be satisfied with a mode which would hav0 l^ft

ihore than one-fifth of the oxide of zinc still in solut?6'ii,
'

I

IriL^e'reason
to be apprehensive that those gentlemen Wh6 ''aife

6tily ifelnmencing the study of practical chemistry may be still

lijibrfe' injuriously misled, that they may attempt the analyisis '6f

iM Sulphate of zinc without being aware of the requisite 'Jii^-

cautions, and that the quantities which they will thus procure
will i)'e s6 different from those which I have stated, that they
will be either inclined to consider my statements as erroneous,

or, what would be still more unfortunate, be discouraged from

prosecuting their researches till they have satisfied themselves

respecting the truth of the atomic weights which I have given.

Fibnd^ive, therefore, that it will be highly proper to state with

some minuteness the different modes of analysis which J found
to arisv;er best. And the safest method of proceeding seems
to be to givie the steps of a few of my actual analyses.

1. The sulphate of zinc of commerce is usually a compound
pf, one atoni acid and 6ne atom oxide of zinc. Bat I have never

Met with it absolutely free from iron, and seldom without some
tfabes of cadmium. When the salt is made by dissolving the

zinc of commerce in sulphuric acid, and crystallizing the solu-

tion, you often obtain a salt containing about one-third too

much acid, and this excess is not all got rid of even when the

kalt is diisdlVed and crystallized several times successively.

Tli^ tiest way is to put a plate of zinc into the acidulous salt,

aiiii'bd leave it in contact with it till all excess of acid is neutra-

lized, a
j)r0jCess vv'hich, even when heat is applied, takes a con-

srd^^T^Ie'niiife'; the' bfest way to free the salt from iron is

tb' 3r\f t*h'e crystals,' expose them to a red heat, redissolve in

distilled water, filter and crystallize. It is only when the sul-

tihate of zinc is^ pure that its coristituents are as I have stated

tti^^^
oj iiiiijol 'liw/ »iij^ iyj ,»ji.iiqlu^ io Jii^iyv/ li^i/J§ h aaoq

2. The water of crystaflfktetiW kl§mM^(^^n4^'Am^l'19e
obtained «<fite(Jtly by experiment. I usually reduced the crystals
to powder in a'porcelain mortar, wrapt up the powder in several

folds of blotting paper, and kept it for some time under a pretty

ifflMj^ pressure. 181*25 2,Tains of the salt thus treaft^d'4ere

pnt^nfito
a balanced platinurti crucible, and exposed' '6h tftfe

satfdibtfth<4tl k'teGiperMir^ 2iH tiearly as possible of 320®, 'till

they ceased to give out moisture. The loss of weight in several
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successive trials varied from 68*5 grains to 69*2 grains, and
nothing was given out but water. This I ascertained by making
the experiment in a retort, and collecting the water in a
receiver.

^

After the salt had ceased to give out water on the sand-bati^,

^e crucible was transferred to a spirit lamp, and the heat gx^
eiually raised to redness. Water was given off at first nearly
pure; but it was soon mixed with sulphuric acid fumes, and
the quantity of these fumes was greatest when the salt became
red-hot. The total loss of weight which 181*25 grainy of

crystaUized sulphate of zinc sustained when thus treated, varied

in different trials from 81*6 to 81-9 grains. The salt thus
treated did not dissolve completely in distilled water, and the

undissolved portion was always greatest when tjie loss of weigKt
was greatest.
From these experiments, repeated about a dozen of times, I

concluded that 181*25 grains of sulphate of zinc do not contain
so much water as 81*6 grains, nor so little as 69*2 grains. . ,

The conclusions to be drawn from these experiments will be
better understood if we divide the quantities experimented on

by 10. If we do so, we find that 18-125 grains of crystallized

sulphate of zinc contain more ^Yater than 6*92 grains, but less

than 8*16 grains. I had previously satisfied myself that the

atomic weight of water is 1*125. Now six atoms of water

amount to 6*75, and seven atoms to 7*875. 8*16 exceed this

last number by 0*285, which is only a small fraction of an atom.
The conclusion which I drew from these experiments is, that

crystallized sulphate of zinc contains seven atoms of water,
that when placed on the sand-bath it gives out six of these

seven, and that the remaining atom cannot be separated without

taking along with it a portion of sulphuric acid.

These conclusions, indeed, required to be verified by the

subsequent steps of the analysis. Meanwhile it was pro-
bable that 18*125 grains of sulphate of zinc contain 7.875 grains,
or seven atoms of water.

,^ I

3. To obtain the oxide of zinc without loss from the sulph^e,
1 had recourse to a variety of methods, some of which were

more, others less successful. A few of these may be stated .

(1.),The quantity of acetate of
barytes necessary to decom-

pose a given weight of sulphate of znic was found to be^^i^-
P^!y?&l?^^^:^^^^^ P^^^ ^*^^ ^'^

^fy^t^^^^X. 7 u; // 9riT .S^

d £i^Xio :) Acetate of barytes . . .4-fi^^lP/l/^.l(0.X^3itf5b9fiiijjdo.
J819V98 ill

Sulphate of zinc . /.J^4ipm /Vi&ipP3gql>ilP259bwoq o:^

Y^i^iq B isbff
, ,. ,. iqsi biiB ^isqsq sflfiiold'io gbldi

g-g^iVtwo salts bemg d issolvedm thes© propofttons,.;^a nnx^d,

jJlp .sulphate of barytes was collected on the filter, aiad the

Metatej9^l^i9ftliE^. evaporate4^t(^,jjte^g^3j^^ fiffift^bift^
lBi9V9a fli Jrigiswlp gc;- aiwif^iom im ©vig oi b98«90 yarit
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red heat in a balanced platinum crucible. The sulphate of

barytas obtained by this process, gave the quantity of sulphuric
acid in the sulphate of zinc with sufficient exactness. But
there were two sources of inaccuracy which prevented me frdm

obtaining exactly the oxide of,zinc. A portion of the 'zinc

was usually sublimed during the exposure of the acetate to tt

red heat. When the oxide of zinc obtained was dissolved in

an acid, a little charcoal from the decomposed acetici^oid

usually remained behind. 'i\ni\n ^^

(2.) The sulphate of zinc was dissolved in water, and the

solution mixed with a sufficient quantity of oxalate of ammonia
to throw down all the zinc. The oxalate of zinc was collected

on a double filter; and the liquid which passed through,
together with that employed in washing the oxalate of zinc, was

evaporated to dryness, and the residue redissolved in water, to

obtain any oxalate of zinc which might not have been deposited^
at first. The oxalate of zinc thus obtained was dried on the!'

filter and weighed. A portion of it was exposed to a red heat^'
and the loss of weight determined. From this, the whole oxidei(

of zinc contained in the salt was deduced.

This mode of analysis came much nearer the truth than the

preceding. Indeed, the oxide of zinc calculated from the:

oxalate would be exact; but this method could not be emwtr

ployed, because it required the previous knowledge of the vei^'v

thing which was under investigation. The oxide of zinc ob-*^'

tained by exposing the oxalate to a red heat, always was below

the truth. The deficiency, when 181*25 grains of sulphate
of zinc had been employed, varied in diffigrent trials from 1

grain to 2^ grains, and it was never less than one grain. I

ascribe this to a httle zinc sublimed during the apphcation of'

the heat. It was not owing to any of the zinc being in the

metallic state
;
for I digested the residue in nitric acid without

any alteration in the total weight.' nf^'^ tn':)iorftif>' bsbfvoiq ^^j^F»

4. Foiled in both of these modes of experimerntihg,!*had re-

course to the decomposition of sulphate of zinc by carbonate

of soda. This method came sufficiently near the truth to sa-

tisfy myself completely respecting the true weight of oxide of

zinc contained in a given weight of sulphate. Perhaps the

most instructive analysis I can select will be the preliminary

one, by which I determined the circumstance necessary to be
attended to in order to obtain the whole ofuthe oxidenof zinc

from a given weight of sulphate. »i iii> iiaii v6 (

( I .) 1 commonly took 90*625 grains (five atoms) of crystal-
lized sulphate of zinc

; the smallest weight which 1 employ is

0*01 ^rain. I weighed out commonly 90*63 grains of sulphate
of zin6, and afterwards checked this analysis by another, in

which the weight of the salt was 90*62 grains. These two
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analyses added together gave me the quantity of oxide of zinc

in 181*25 grains (10 atoms) of sulphate of zinc. It will be
sufficient if I state here one of these two analyses. j.

(2.) The salt was weighed in a small flask
; distilled watetr!

was poured into it, and it was placed on the sand bath till the

salt was dissolved. 90 grains (five atoms) of crystalHzed car-

bonate of soda, previously reduced to coarse powder, were
then put into the flask, and the flask was gently agitated till

the whole of this last salt had dissolved. This process was

usually over in about 10 minutes, and the temperature of the

liquid was about 70^. As the carbonate of soda dissolved^
carbonate of zinc was deposited in white flocks

;
this carbonate

was immediately collected by pouring the whole contents of
the flask upon a double filter. The carbonate of zinc was
washed with distilled water till the liquid that passed through
the filter ceased to produce any effect on muriate of barytes.
The object of this part of the experiment was to ascertain how
much carbonate of zinc would be precipitated from a cold
solution of five atoms of sulphate of zinc by five atoms of <iai«'>

bonate of soda.

The carbonate of zinc thus obtained was dried upon the filter

in a temperature, which never much exceeded 212°. It was then

weighed by placing the balanced filters in the two opposite
scales of the balance

;
the weight in different experiments

varied from 29*3 to 31*03 grains; as much of this carbonate as

possible was detached from the filter, and after being weighed
in a balanced platinum crucible of a very small size, was heated
to redness in the flame of a spirit lamp. From the loss of

weight sustained by the portion thus treated, it was easy to
infer how much the whole carbonate would have lost; there

remained 20*37 grains of oxide of zinc. There was scarcely

any difference in the amount of this weight in different experi-
ments, provided sufficient care had been taken not to vary the

previous steps of the process.
(3.) The liquid which had passed through the filter together

with all the washings (properly concentrated) was put back
into the flask. It had the property of rendering cudbear paper
purple ;

but after being boiled for about half an hour it was

capable of reddening vegetable blues. It was obvious from

this, that the whole of the soda had not united with the sul-

phuric acid of the sulphate of zinc
;
but that this union was

effected by half an hour's boiling. During the boiling, an
additional precipitate fell, not in loose white flocks as th6 first

precipitate, but in a powder which was less white and much
heavier; for it fell much more rapidly to the bottom. The
liquid thus treated was thrown upon a double filter, and the

powder (6) remaining on the filter, was washed with distilled*

water till the liquid ceased to affect muriate of barytes.
'
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(4.) All this liquid that had passed throug;h the filter (pro-
perly concentrated) was again poured into the original flask,
and a solution of carbonate of soda was added to it till the

liquid contained a decided excess of alkali. This new alkahne

liquid occasioned the appearance of a new precipitate which
was in white light flocks, like the carbonate of zinc which had
been thrown down cold. After this precipitate had subsided,
the flask was heated by a spirit lamp and kept boiling for about
20 minutes

;
the whole was then poured upon the same double

filter upon which the second precipitate (6) had been collected
;

and the filter was washed with distilled water till it ceased to

produce any alteration on muriate of barytes.
The precipitate collected on this filter was now dried on the

filter and weighed. Its weight was 6*07 grains. After exposure
to a red heat it was reduced to 4-54 grains.

(5.) The liquid thus freed from all the oxide of zinc that could
be thrown down by boiling was put into a porcelain dish, and

slowly evaporated to dryness on the sand bath. The dry resi-

dual salt being redissolved in water, a few flocks ofoxide of zinc

separated. These collected and dried on the filter weighed 0*44

grain, and when heated to redness were reduced to 0*431 grain.

(6.) The liquid containing the residual sulphate and carbonate
of soda was again evaporated to dryness in a platinum vessel,
and the dry residue exposed for an hour to a strong red heat.

The salt thus treated when dissolved in water deposited a few
black flocks. These being collected and exposed to a red heat
in a platinum spoon became grey, and weighed 0*3 grain. Being
digested in nitromuriatic acid, the bulk diminished, and a por-
tion was dissolved. The solution was colourless, and was preci-

pitated in white gelatinous flocks by prussiate ofpotash, showing
that it was oxide ofzinc. The undissolved portion was not acted

on by any acid, but it fused before the blowpipe with carbonate
of soda into a white globule, and the solution was accompanied
wjth effervescence. Hence I considered it as silica

; conse-

quently the precipitate was silicate of zinc, and it contained 0*22

grain of oxide of zinc.

I do not know the cause ofthe black colour which this powder
had at first. It seems to have been owing to the presence of

some combustible matter, as it was dissipated by heat. The

platinum crucible was covered with a lid all the time that it

was in the fire, so that no charcoal could have reached it from
the fuel.

The carbonate of soda used was pure, consisting of crystals

Sicked
with great care from Mr. lennant's evaporating pans,

[ence I am disposed to ascribe the origin of the silica to the

glass flask in which the mixture had been so long boiled.

(7.) The solution from which the silicate of zinc had been

deposited was neutralized with muriatic acid, and then mixed
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with a few drops of hydrosulphuret of ammonia, and the mixture

left to digest for 24 hours in a very moderate heat. On exa-

mining the flask containing this mixture next day, I observed
a deposition of a few dark coloured flocks

;
the supernatant

liquid was drawn off with a syphon, and the flask again filled

with distilled water. Next day the liquid was again drawn off

and fresh distilled water poured in
;
this process was repeated

till the water drawn off had become pure ;
the precipitate was

now dried and exposed to a red heat in a glass capsule ;
in

this state it weighed 0*9 grain : it had a yellow coloui', was
tasteless and fixed in the fire. Being digested in nitromu-

riatic acid it slowly dissolved, leaving a portion of sulphur.
The solution was precipitated white by muriate of barytes,
and in white gelatinous flocks by prussiate of potash. Hence
it consisted of sulphuric acid and oxide of zinc. From this it

is obvious, that the yellow matter was sulphuret of zinc
;
and

it must have contained the equivalent of 0*65 grains of oxide

of zinc.

(8.) If we collect all the oxide of zinc obtained in these

difterent processes, we shall find them as follows :

(jrains.

From the carbonate 20*37
Thrown down by boiling 4*54

Obtained bjr evaporating to dryness. 0*431

From the silicate of zinc 0*22

From the sulphuret of zinc 0*65

Total 26-211

Now 26*211 divided by 5, gives 5*245 for the quantity of

oxide of zinc contained in 18*125 grains of sulphate of zinc.

According to this determination, the atomic weight of oxide
of zinc is 5*245

; this, I am persuaded, is about --gL^th part
below the truth

; I believe that in the preceding analysis I

lost 0*039 grain of oxide of zinc, which constituted about -g-fy

part of the whole. The loss I conceive to be owing to th&
want of a substance capable of precipitating the whole of the

oxide of zinc from its solution in sulphuric acid. Carbonate of
soda does not throw it down completely ;

and I can affirm from

experiments made with care, that hydrosulphuret of ammonia
likewise acts imperfectly.

My experiments, though numerous, never gave me more
oxide of ziric from 18*1 25 of sulphate than 5*245 grains of oxide
of zinc. But this quantity I can always get when I take the

requisite pains.
5. I have detailed rather minutely my mode of determining

the water and oxide in sulphate of zinc
;

but it will not be

necessary to describe with equal minuteness the method fol-*

}f€iu SerieSf vol. x. 2 b
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lowed to determine the quantity of sulphuric acid. The process
has been already given in the Annals of Philosophy ^ vol. i.

p. 246, New Series. It consisted ii^ dissolving l^-l25 grains
of sulphate of zinc, and 13*25 of chloride of barium, in as little

water as possible, mixing the solutions
;' and afler the sulphate

of barytes has subsided, testing the clear supernatant liquid
with muriate of barytes and sulphate of soda, and

finding
that

the liquid is affected by neither. From this experiment I con-

cluded, that 18-125 grains of sulphate of zinc contain exactly
five grains of sulphuric acid.

'

,

I made an experiment on purpose to ascertaii;i hp,w ismajl a

portion of sulphuric acid could be detected in water by this

auethod. One grain of glauber salt being dissolved in 12000

grains of water, I found that the solution was distinctly pre-

cipitated by muriate of barytes. Now, one grain of glauber
salt contains rather less than -fth grain of sulphuric acid. The

liquid in which 1 had dissolved the 18-123 grains of sulphate
of zinc and 13.25 grains of chloride of barium did not amount
to so much as 500 grains ;

hence had so much as -g^th of a

grain of sulphuric acid remained in solution, it would have been
rendered visible by the muriate of barytes dropt into the liquid.
I was sure, therefore, from this experiment, that the sulphuric
acid in 18*125 grains of sulphate of zinc is not less than five

grains, and not so much as 5*01 grains. There could be no
hesitation in concluding that the exact quantity was five, espe-

cially as this is the atomic weight of sulphuric acid.

Knowing that 18 125 grains of sulphate of zinc contain five

grains of sulphuric acid, and that the oxide of zinc is not less

than 5-245 grains, and the water not so much as 8*16 grains ; and

knowing farther, that the water in crystallized salts constitutes

a certain number of atoms, and that the atom of water weighis

1*125; there was no longer any difficulty in determining the true

atomic weight of oxide of zinc, and the exact quantity of \%

contained in 18*125 grains of sulphate of zinc.

Let the atom of oxide of zinc = x, and let 18*125 sulphate of

zinc be a compound of

1 atom sulphuric acid = 5

1 atom oxide of zinc = x
7 atoms water = 1*125 y

We have 5 + x + 1*125^/ = 18*125

We know that x is not less than 5*245, and that y is more than

6, and not more than 7. If we make y = 7, then we have

5 + 7*875 \- X = 18*125, and consequently
a; = 18*125 - 12*875 = 5*25.

Nor can any numbers be substituted for
?/
and x consistently with

^e preceding experiments, except 7 and 5*25.
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These were my reasons for pitching upon 5*25 as the atomic

weight of an atom of zino. I consider the analysis by means of
chloride of barium as the experimentum crucis from which,

knowing l^y approximation the quantity of water and oxide of

zinc, we can determine the amount of each with mathematical

accuracy.

'

The uncertainty respecting the quantity of sulphuric
abid may be reduced almost without limit by concentrating the

liquid before applying the test of muriate ofbarytes \ and I made

myself certain that the error which I could have committed did

not amount to toVo^'^ ^^^ grain by that method.

:'6. Jlaving determined the composition of sulphate of zinc in

i^Q way just stated, I calculated the composition of carbonate of

zinc, as given in page 60 of my late work, in this way. The car-

bona.te of zinc obtained by precipitation from 90*63 grains of

si^lphate of zinc, weighed 31*03 grains, and was composed of

:«"anqiii^
lOxide of zinc 20*37 or 6*25

luomi? tofJarbonic acid 10*66 2*747

'Wbw' "2*747 approached so near 2*75, which I Jsnew to be the

atomic weight of carbonic acid, that I considered myself entitled

to consider the carbonate of zinc when anhydrous as a com-

pound of '^;^^".;
'"

^
''M e.Bm r/iitn^jijp- JO

1 atom oxidfi of Zinc • 5-25

1 atom carbonic acid .,,..., 2*75

8*00

I thought it better merely to state the general results in my
preliminary chapters than to enter into tedious details. Who-
ever will take the trouble to repeat the analyses which I have

given with the requisite care will obtain results i)ot deviating
more than -p—o^h P^^* f^^"^ those which I have given. I am
afraid that in actual analyses we can seldom come nearer the

truth, except indeed by peculiar contrivances, some of which I

employed in determining the fundamental points of the atomic

weights of bodies.

^ Mil Hi'

2b2
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IB to ^xitonioaio to ^Argi^ oa iuuMs woria ^ei\i ^msff.t gniiB-iiJ*

' «9mii9ino8 ei noiioubni
ta'llwApflJ**Jn3ijBqq£ anBsm on v«

iii-iicKog Yi.v^o ^.^i^^ ^^^.^ j^ j^^ ^^.^^^^^^^^_ ,ra"{fs

xjifimsi .t^:(To tlie Editors of the Annals of r/ii/usophi/i.))[i£i ^isin

'^^^ ;6^TLt:MEN; ; ;

J^Jj^ ^^ Great On. hum. SV;,/. f.^mW^.

^ ,
SiNCB the discovery^oT "galvanism, the powers of

eleftSiiity
as a chemical agent, have been clearly made out^ yet this part of
science is not fully developed; every fact, therefore, which
throws f^ny light upon the subject is of importance, since from

phenomena we discover the laws of nature,
^•

Those bodies which can enter into chemical union, stand^^fi
different electrical relations to each other; when a compound is

,^^posed to the action of the galvanic series, its elements are

separated from each other; oxygen and acid matter generally
iend to the positive pole, whilst hydrogen and inflammable
matter appear at the negative. Hence philosophers generally

explain chemical combination and decomposition upon the prin-

ciples of electrical attraction and repulsion : and the theory
most generally received is that the ultimate particles of matter

possess certain electrical energies, which are immutable
;

oxygen, upon this hypothesis, is nighly negative,
and all acids

possess the negative energy in different degrees of intensity;
whilst inflammable bodies and bases have various dejxrees of

pos^^y;^ energy ; hence, snice there is an attraction between two

bodies, when one is in a positive and the other in a negative

§i^^te, oxygen can combine with inflammable matter, and acids

with the different bases
;
also since oxygen is negative, it w ill

tend to the positive pole, and inflammable bodies will arrange
th^emselves at the negative. Chemical philosophers are not

agfeed respecting the existence of electric energies, and in fact,

fg t|^^ (Present state of science, it is impossible to set the ques-

l^o^^.at^js^fj^ r^^^sou^,
almost of equal weight, may be advauted

ji^ ,siipp9rt pf. ^nd against their existence.
"

, , I

^' "

V it
'^^'Tjiatjjhe elementary particles of matter mayiiave'^ttflarJ4^
energies, appears from many electrical facts : lay a'

,ptlli'ck'^^iit

ib]::>o^ ypon a white one, and excite them, by drawing t^ein

Irqu^ ,^ny:
soft exciting substance; no signs, or at most, very

,eet)Ieon^s, of excitation will appear; separate them, and ibc y
'Wu

PjOSsejSs
the opposite states of electricity ; replace them,

^di the Electricity disappears ;
and on separating and replacing

t^ep alternately, the signs of electricity mav be exhibited or

jji^ppressed mapy times with one excitation. These phenomena
jmaV be exhibited by all non- conducting substances; but^|if
coiiductors be insulated, and electrified with

tlje opposite powers,
on bringing them together, an equilibrium is produced, and on
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separating them, they show either no signs of electricity, or are
electrified with the same power. The cause of this difference
is by no means apparent ;

the power of induction is sometimes

conm^(^j^|^^to accaurit for such phenomena as these ; hovyever,
this rs only to nide a difficulty under a name of very doubtful

meaning and uncertain application. However, if such energies
exist, and b^ the catise of chemical changes, they must remaia

pe^r^janently and unchanged, after combination, as they con-

tinue in the case of the ribbons
;
for then the attraction is per-

inaiient, and no electricity appears ;
for if they be not unchange-

able, as the particles of matter themselves, then, as in the case
of conductors, contact produces an equilibrium, and there is no
attraction. If then energies do exist, the particles of all bodies,

.^ven of metals, must act upon each other as non-conductors ;

this may possibly be the case, for the conducting or the electric

power of bodies is not inherent or permanent ; glass, when
heated to redness is a conductor

;
ice cooled considerably below

zero is a non-conductor : this property of bodies, therefore,

depends upon something foreign ; yet it is difficult to imagine
how the particles of^ metals can act upon each other as non-
conductors

;
and if energies exist, this must be the case. Also

if electric energies be the cause of chemical combination, it

follows that no solid can be a simple substance, except we sup-
pose one force to produce cohesion, and another chemical

attraction; such a supposition is inadmissible, because we have
no evidence of the existence of such forces

;
and likewise elec-

trical repulsion (a doubtful power) is generally supposed to be
as powerful as attraction, intensities being equal ;

the force of
chemical attraction is usually more powerful than that of cohe-
sion

; therefore the action of electric energies must prevent any
simple substance from assuming a solid form* Other philoso-

phers suppose the existence of such a relation of chemicdl

^tt^^action
to electricity, that the intensity of the chemical attrac-

tion of the particles of matter determines their place in the

galvanic series; if this be the case, the electrical relations of
bodies may be taken as the measures of their chemical action.
This supposition is more free from hypothetical views than the

other, and is, therefore, entitled to prefereuce until Our know-
ledge shall be more precise.

' "'' '•

Every relation or analogy that can be clearly and definitely
made out between the force of gravity, chemical attractioii,

caloric, and electricity, is of the utmost importance to science,
because only by such facts can the laws of chemical action be

developed. Hitherto chemistry and the mathematical sciences

have been entirely insulated
;
but such is the precision of its

phsenomena, that the laws by which chemical changes are pro-
d,uced must be as definite and as susceptible of geometrical

i%feai^ipA§§ ,>|'??^nFfe)l^.<F^I #,?.i^4^^^^^^
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To suppose every chemical change susceptible of mathematical
demonstration would be extravagant ; but that the Uwfe of action

may be made out may be fairly supposed ;
it receives' the sanc-

tion of the immortal Newton, than whom a more competent
jud^e never existed, although chemistry had scarcely begun to

assume the form of a science in his days : his opinion (and the

opinion of such a man ought to have great weight), ri^l^be
collected from the following part of the preface to his 'Prih(>i[Tia:—" Utinam csetera naturae phaenomena ex principiis mem^hatiicis

eodem argumentandi generi liceret. Nam multa ra^ movent, ut

nonnihil suspicer ea omnia ex veribus quibusdam pendere posse,

quibus corporum particulae per causas nondum cognitas, vel in

se mutuo impelluntur, et secundum figuras regulares coheerenti
vel ab invicem fugantur et recedunt; quibus viribus ignotis>

philosophi hactenus naturam frustra tentariint. Spero autem

quod, vel huic philosophandi modo, vel veriori alicUi principia
hie posita lucem aliquam praebebunt."

• <,hnii

Analogy 1.—The most inflammable bodies hav^ the letti^lfo*ei

ofattraction to the earth. ''^''' .<.yu.quK>j ^d yjiy/5iT> ortioeq^

In a former communicatibn if d6ttiiS^<^trateft^t!Wit^tlftl'^ftitt€t^

of a particle of any simple substance is proportional to

\/ sirS^~~~~!ft7 ' ^^^ body being in its
piosit,de|;s,e

solid
stai^^

also, that if the force of attraction of an ultimate particle of

matter belong to the entire mass of the atom, the intensity of its

force of gravity is proportional to its specific gravity, if the parti-
cles of solids be always similarly situated

;
but that if it belong

to the surface only, to which opinion I incline^ for many cogent
reasons, the same force is proportional to specific gravity x

diameter of a particle, or to its equal \/ |
atomic weight X {spe-

cific gravity^ [. By this attraction I do not understand the

entire gravitation of a particle, which is the product of the
inten-

sity of the force, and the square of the diameter, or cube of the

diameter, according as the force belongs to the surface or t,he

solid content of an atom
;
but the intensity only of the force,, o,ir,

as it may be called, the density of a particle. The following
table gives the force of some of the chief undecompounded sub-

stances; the atomic numbers are from Brande's Manual. The

gaseous bodies ought to be included, but at present the ^ataare
insufficient.

'"

^t^
Force.

Gold 78-3773 •^»

Silver 52-6365 ''^

Copper 39-5736
Iron 34-6054

Lead 55-0248

Tito, tir*^'* ^t^Mii kt'* »• • •^•* 4 . « * f 33*8793
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^rfj bnjs) noinjqo ?rrf
*

?ynb 5?fd -r ^^^^:\^\'w. «, V. 'iri4
-^iJi

<i.n!l^;^n"

In the present state ofscience, these numbers, as well as others

thatl have made public, are but approximations ; for in deduc-

ing them, the particles of all solids must be supposed to be simi*-

iarly situated, which is not the case
;
and until the primary laws

are fully developed, their relative positions in different solids

cannot be determined. By inspecting the table, which might
have been much enlarged, it appears that the most inflammable
bodies have the least force of attraction of gravitation ;

whilst

gold, silver, and lead, have great forces, and are scarcely inflam-

mable: iron, tin, and zinc, are very inflammable, and have
smaller forces

;
and phosphorus, sulphur, and carbon^ have veryr

small forces, and are very highly inflammable. If the order of

specific gravity be compared with that of inflammability,, the

same analogy nearly is observed ;
and could we discover how

far the specific gravity is affected in every particular case by
differences in the arrangement of the particles of different sub-

stances, the coincidence would ih all prObabihty be much closer.

Analogy 2.—Those substances which differ most from oxygen
in electrical relation have the smallest force of gravity. In all

galvanic decompositions, oxygen appears at the positive, and
inflammable matter at the negative pole ;

those bodies which are

most remote from oxygen in the galvanic series have the most

powerful attraction for it: by the last analogy these are the

substances which have the least intense attraction of gravita-
tion. From the experiments Of Sir H. Davy und others (Phil.

Trans. 1807), when sulphur is separated from contact with a
metallic plate, it is in a positive, aiid the metal in a negative
state of excitation.

'

Also phosphorus separates most, and char-

coal many metals froin thfeir acid solutions
;
and from their gene-

ral galvanic relations, they undoubtedly stand above zinc in

drder of galvanism.
- '^ i'< v^i > • *.il -

||
Since then those substances have the least infeftsit;^ of ftttra**-

tipn to the earth which tend most powerfully to the negative

pole, or, which is the same thing, which have the greatest attrac-

tion for oxygen, either there is a remarkable accidental coinci-

dence, or the tendency of bodies to the poles of the galvanic
series, is determined by, or determines their tendency to the

earth. To suppose it accidental, since it extends to all bodies

of which we have sufficient data, would be extravagant ;
for in

all branches of science we are led byphsenomena to a)cnovvledge
of the laws of action. To deny the validity of evidence of this

.sort would be to take away the foundation of every branch of
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Supposing . \)m 1 Ftar^fll©* ^foBJait^r to

is^^S immutable electiical e^evgiQfti ,pi?ije..-s»fc/tte^fi^pft^iwions

^^^fe^.i either, first, tlie
oarlh's,A^I^»?i«^»ifia^&j^§ftop

of

§af*8W^of !the energies ol aJl Hs
Gq^ftp9nftfttd*teW4HtJim.on

i!ihfoPW"?iM?les
of electrical attraction, tliose >o^^ft whififefliffer

,^9^4;v energy from oxygen diiier least from'.tb^n^ftn ^i^Skftj-gy

jpfj^tfe; €a«rtb. Or, ;se<;ondly, the. force whlcli fk^rmi^^^c
^pj^fiie^fifi.body in the galvaaic spi^^j aJid,,vvhipbrf9^©«j|i49fbe
the same with chemical attraction, bears such^jjrj^^fl^j.to
£;ravity, that those bodies which differ, m^toftQ9h80d($g^ in

cloctiic cil relation have the least tendency,|^tiiei^^fl^ii9l5fhe
j^ecoad conclusion seems to follow, if electrical enei'gie^o^eiftot

exist; it appears to be the most probable, and may be.saifely
assmnc'd, bec^q^e it involves no hypothetical views, being but a
bare statement of observed phgenomeria. , / n - j, j

^i^P^teSM'^^TTTThe
most inflammable bodies, i.e. t^kf^ijfjiich

Iw^.cMffi l^*s^.
^^^^^ °^ attraction of gravity, ha<Vj^ulierilft|iBt

ifttaW^*yafi^P^^'^^^^
^^^ ^^^^^- The atomic capacity ±= cg^ftjpityiof

> giff^o^^^gfe^ ^ atomic weight. The following table exhibits

Jli^pi^RaiSif^m^i^i^^§ .^Lsoj^^ undecq^ipQiinded. pub^ta^P^^il i

^^iflo
sri.t iosi ai bn/? ^noiiqaoxs iib amio't b^aJ

Abfe^Aj^^''^'"
aid* lo nw^tyljfd llijxfa eiom lilnU .98bo yi9V9 xiK.^oiJqaoxa

•.

baaiiqii/g s3f^iLb%%ir*9V,l)Vj59ft5*^Moiydiyrao5H:Yfm yd awijia

Jon 89ob ^Ai6^v^"*^^
^^* n9|^xo lof ,iB9qqB gji;

^../^A
jogib 1*

-nJ8 \o 88fife ftftj fu 'j'y/ivKg orii59(j8 Vrn^^'gfl^ -/jbwIb*

ni
J
1*6 bi^^WffqVoifq'm *;'rS'S* 81

^{5lV£'IT^^oaiV^fW;^ Ynoini^

1*8 989nB'f>fiafnl6 Wixo'JS'V'b'sgVbViVif Vt'I Viftiia;wc)lo bbixt

eiom
97o1^gg^;\cflE:v(Vo1M;ifoMVTI^TM6V9q^^^^^^ ,

T S k
-moo amoi^i M9^v/b*5i1/ rWiV/ *fi(5M/ifcfifio5* 2il aniiimai ynohic*

I89d 9fij ^|^^^MrB3tr8jW^^;/VriT-\-8l4ff/o-W^^
gjj ^n9bioi^ _* 'W 'fM •;')•!Milq '^fff 'aVol^d Mi'jb i^Mw b)£1'

bflij ;tB9d
-^j ^^|7.^;..V^VfiM';Ar

Vtflr5*fo'^^

eaibod ^uogiU^'.t^rjfivbiV Vi11rV^<|-f •ht
'/i*ftI>'»M/iftimw»^ioaj'iol

i.

-8£ 9iJ3 ^9^ n^mv/ nt V';^i'«Vjfl' unVTf *'S\fi^/i*
*
J Ty I'looni yi9v im

b Tteiakimbcrs in this table do riot follow the precise ofder;
sSqx the atomic weights are not only uncertain in some degree,
but the capacities for heat of the metals are by no means deter-

miried to lany thing hke precision. Capacities determined by
tdi^feriintiohemists are exceedingly variable

;
however the analogy

jiftiWi^ejitdda
non-metallic bodies. In this and all other tables, I

iiMimatuMidi the experiments of others in every case. In the

9dalculQtioiis> the extreme numbers have been employed ;
and the

eifcinof differences are amply sufficient to interrupt the order very

JCOMiiderably.
' If the atomic capacities of all the solids supposed

-tolb^aiiaple be compared, the analogy will be found to apjjily
to

all, .although there are small differences in the case of some of

t!ii~iaaetals, which most probably arise from impetfect data.
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Hence those bodies whose electrical relation is the most remote
from oxygen, or which tend most powerfully to the negative pole
of ithe* galvanic series, or which have the least tendency to the

eaithj^have also the smallest atomic capacities ;
also the electri-

efel relation of oxygen is opposite to that of caloric, or, in other

words, the bodies which approach most nearly to oxygen in

^rectrical relation, have the greatest attraction for caloric
; and,

'riierefore, the atomic capacities of oxides are greater than those

>6f the metals. iOiiofiixiiJ k:>imyik? lijiw amijj* yiJ

ti ^M^hQ specific gravities be'febfMfjareti'A^^th'tht't'AMyjtK^'Mtee
J^Ker nearly is observed

;
but since we do not know the relative

i%Srangements of the particles of different substances, we are

/febhged at present to consider them always similarly situated;
this may cause a difference of about one-third the specific

gravity.
^i^j Analogy 4.—Those atoms which evolve most heat daring
their combination, are generally the hghtest. By inspecting
the table of forces, carbon, sulphur, and phosphorus, which
have the smallest forces, evolve more heat than zinc, tin, or

iron, whose force is greater; and these, more than copp6r,
silver, and gold* Lead forms an exception, and in fact the only

exception, in every case. Until more shall be known of the

laws by which combination is effected, we need not be surprised
if disagreements appeal-, for oxygen in combination does not

always possess the same specific gravity ;
in the glass of an-

timony its specific gravity is 2*21
;

in phosphoric acid 5*1
;
in

oxide of arsenic 1*4
;
in red lead 3'2; oxide of manganese 3*1

or 2^7
;
red copper ore 1-47

;
iron mica 1*36. Therefore more

caloric remains in combination with the oxygen in some com-

pounds than in others. The results deduced from the best

data which are before the public, are not so coincident as

might be desired
;
for not only are the capacities for heat and

the atomic weights variously ascertained, but, as I remarked in

a former communication, the specific gravities of porous bodies

are very incorrect, owing to the manner in which they are as-

certained ; and lest 1 should seem to arrogate the ability of

deciding those numbers on which the most eminent chemists

are not agreed, or of deducing conclusions from my own ex-

periments, calculated to favour the principles I advance, 1 have

/not argued from them in any instance, but have taken those of

Ithe most eminent modern chemists. The great apparent

^density of oxygen in phosphoric acid appears to arise from a

s^eculiarity in the texture of phosphorus : its density may be

V considerably increased by compression ;
and therefore the

boxygen must appear to have more density in the acid than it

oreally has
;

its gravity was computed by the following for-

inulae :

specific gravity of oxygen in an oxide =
^'
— '

• •



378; Mev. Mr, Emmett on the [Nov.:

in which »^ is tfeieweight of the metal
; n, that of oxygen ;

a the

specific gravity of the metal, and c the specific gravity of the

compound, trom this the reason is evident, why the oxygen
in some oxides, as that of mercury, ffold, silver, the peroxide of

lead, is highly energetic, whilst in others, as protoxides of iron,

manganese, potassium, &c. its power as a supporter of com-
bustion is scarcely sensible. The coilclusions here drawn

depend not upon any hypothetical views ; they are merely de-

ductions from observed phenomena : I have no desire to insti-

tute any researches into the nature of electricity or gravity ;

because in all probability we shall never know mote of them than

we do at present ;
and if known, perhaps science would receive

but little benefit from the discovery ;
I have endeavoured

simply to ascertain, from phenomena, their relative effects as

chemical agents. Another law of chemical action merits at-

tention : in general, a simple substance will not combine with

a compound. No simple substance is soluble in water ;
the

small quantity of oxygen, hydrogen,
or azote that is frequently

found, cannot be regarded as cnemically united. Chlorine is

soluble : but its elementary nature is very doubtful
;
it certainly

has never been proved ;
its high atomic number is against the

idea
; for, the metals excepted, together with iodine, which is

in the same predicament as chlorine, elementary, or rather un-

decompounded substances, have very low numbers. The solu-

tions of sulphur and phosphorus in oils or ether, or the sulphu-
rets of alkahs are not exceptions, because decomposition ac-

companies^ the solution. There are certainly triple compounds,
particularly in animal and vegetable substances, which seem to

be exceptions ;
but this is a class of phenomena of a different

nature
;
three atoms of different substances may be combined,

as in the prussic acid
;
but we find that generally a simple or

undecompounded substance cannot be united directly to one

that is compound. It is of importance to determine experi-

mentally, the law of repulsion in gases ;
two gaseous particles

repel each other with a force which is very nearly as the dis-

tance inversely (Newton's Principia, lib. 2, pi^op. ^3u) ^^^^^jg
the aggregate efiect of the force

. liLot ydj rr^d ^

between the particles, but it is yfn,
not the variation in the elastic -^^^ ^« bd&Baion

force of the calorific atmosphere.
Let P and p be two particles of a

gjEM^_,bisect P/? in A ;
and through

A pass' a plane D A H, perpendi-
cular to P7?, which divides the

calorific atmospheres, and there-

fdt^'m which th« repulsive force

id' exei'ted. Take E indefinitely
near to D; join PD, PE ; and with the centre A and fadii
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A D, A E, describe two circles : the space between the circles

will be an annulus, whose breadth is t> E. Let the repulsive
force at any point D in the annulus be D P". The force of the

annulus unresolved will be D P" x area of the annulus.

Through any other point B in P p, pass a plane similar and

similarly situated to the former; when the distance Pp becomes
2 P B, the plane E B F will divide the calorific atmospheres,
because the angle D P A, and therefore 2 D P A is constant;
thfe^eford BF : AD :: PB : PA. With radius BF and centre

B describe a circle, also with radius B G. The force of this

aftniilus is as FP" x area of the annulus. Since the forces are

similarly resolved, the resolution may be neglected ;iq v, u|.* n
and force at F : force at D :: P D" : P F''

'' '^M Juc-

atid anriiilus F_G i anftulus D E :: P F^ : P D^ ;^herefor6i ^^^
force ofannulus Fa,: that of annulus D ETTP B**-V: i^f^^fiS'

1
<

1
toi^ H?^ ^> i B Salens§ (ii : acAffi^j

P ir«-a
• PDn-2 • ' •''' o'/'

,bnr/oqffloy j.

And since the two planes maybe divided into the samef nuffi-'^

ber of similar and similarly situated annuH, of which the forces

have all the same ratio to each other, the entire forces have the

same ratio. But at the same temperature, the whole force

between two adjacent particles of a gas is very nearly pro-
portional to the distance between them inversely; therefore

py.dqlg^airjf^l.
''

.:•

j^<^-li^ ;
thencew= 3

;
or the elastic for^vfe

of the calorific atmosphere is very nearly proportional to the

cube of the distance inversely ;
which is the ratio nearly of the

difference between the attractive force and the repulsive power
of caloric. The rate of expansion of gases by heat has been

obscurely expressed by most chemists : they lay down as the

datum, that the change of temperature of one degree produces a

change of the ^^th part of the volume of a gas ;
and yet th6

differences of temperature being equal, the volumes given in

their tables are in arithmetical progression. Let V be the volume
of a gas, at any temperature A ;

let the increments of tempera-
ture be a, 2 «, 3 a, &c. Then at temperature A, volume = V

5

when the temperature becomes A + a, let the volume b^

increased by
-

;
then at temperature A + a, the

voluii^^
is'

^ V
;
at temperature A -f 2 a, it is ^^ ^ V

; ^
AJ^Jf|3|^|r

is ]^^'V; M^ A + ma, it is ^^T"^' '"^^''^ If'^^^
metric series, in which ^^ is the common ratio. By bifelri^^bf

this formula may be found the elastic force of a confined portio,^

of gas at different temperatures. Let the temperature^vaA4i
volumes be the same as before : when the temperature t 1 un
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is A, let the volume = V
;

at A + i/4«iiti6^itaA±i V;

at^X^¥i>^.?™Wfi^fV;
atA + ;«a'''rT,?-5:!±!J~V

Sitifce tlie elastic force is balanced ''by xlie pressure V 11^®
atmosphere, which is supposed to be constant, the

elasticity
of

the expanded gas is constant. Whilst the temperatures ^i^Pi.,

A -h f^rr^xik mjt^'^^^^^osQ the volumes
r^pff»\\'Tf^{fi V,

&c. be
qcmjipressed till they occupy the same spape v

;
tlie elas-

tic force f^ nearly proportional to the density, i. e. inversely as
the volume

; therefore, at A + a, the elastic force before com-

pression : that 2ihebity*k -' ^ ^ > '>
i-fitiifi^iris^i-jecij^s

"W i\^ 1 at

ijijiaangfim lo ^snil^olfi ?3tb 11 rr// loRlno nr ^h\oR oinodisO .1

4i ,*d^lcffe
.4^WP^X I f >^^ftw^ • .CompregsioBL ^^ tJ^jsg^RfecJft,^^;

Therefor€> if a confined portiom off ti'^»'bei heated, the tempera-
ture is pfo^rtional to the logarithm of Uie elastic force

;
or if it

be under a constant pressure, the temperature is the lo<j;arithm
of the volume. These conclusions depend upon the hypothesis
that the elastic force of a gas' is poportional to its density,
which is not quite correct

;
but when the change of temperature

is not very great, it is an appt^iitimation sufficiently €xaotfei--^ll

practical purposes: ^;Qfi^"^'^iJ^
n^iHOif ;lu;^.. 1o yliinfij

The ^patios of the calonlfic'atmospheres of diflPerfeirf%o^^l=flaay
be found as follows : Take D proportional to the distance

between two adjacent particles in a solid, i. e. to the atomic

diamferkerfiff^eat the substance until it fuses : let this das tiftMl^be

lfe»<w»^ilhairt"itf/until the distance is increased by any kbdwn
sdT .gBfiiJnfjfm ^i'J .. i i i

i --i;

9m?l'fXi;8.Te;#ft.<iensitie8 are^, ^^rTn)^, (dTJ^3- ^^''^^^^

%Sfi;,C^M^9t^W'^« proportional to ^, -^-^, ^-^^^,.
^.is

66te^jf•^feyt<ftdV and it is equal to the force of repulsion. In
ail9itli(^ stiti^tance^ find the corresponding quantities rf, d •^7/1,

^\mm:p^O;d\, and 92, oflib.l,of Newi6^A^4'Prfnciifia',ilbe

moil in9i9Bib a^onfiijsdqqfl ^aUididx^ fcl^javio Jg^rli^/^feTrrrT;
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• V iiA.RTICLE XIII. i. A t*

.V
*

Bofi|igiFIC NOTICE^.^^
^ ," . Chemistry.

] , Reciprocal Action of Hydrosalphuric {Sulphuretted Hydrogen)
and Carbonic Acid, qu the

Ca^i^bq^iate^s^^j^nd Hydro^ulp^^s,
By M. Henry, Jun. ^

"

!

'"

qgorai^

Althougi^L M. Chevreul had shown that carbonic acid ii^i

capable of decomposing the hydrosulphates, {hydrosulphurets,)

yet when Mi Henry advanced the opinion that the sulphuretted

hydrogen disengaged from the mineral waters of Enghien, is

owing to the action of free carbonic on the hydrosulphates con-
tained in those waters, it met with considerable opposition, in

consequence of which he resumed the subject, and undertook
a series of experiments with a view to elucidate it

;
from whichi

he has deduced the following conclusions :

1. Carbonic acid, in contact with the alcaline, or magnesian
hydrosulphates, is capable of decomposing them <Jonipletely, if

the action be continued for a sufficient length of tim€.

2. The decomposition is effected either by boiling a
h^drcr*-

sulphate in water impregnated with carbonic acid, or by placing
the mixture, without heat, in the vacuum of an air-]Dump ;

or by
passing a current of carbonic aci^^as,, through a,'.diJjU.t^^.§QJLM-
tion of the hydrosulphate. [j ^lu^? mo b isbnis sd

3. The hydrosulphates obtained cty converting §^^hftjbp%itot|:^

Bulphurets, by carbonaceous matter, are less
readi|y;jg,|:^e§tfg)niiGff^

4. The result of the decomposition of all these salts is the

production of carbonates, or rather of bicarbonates, and the

quantity of sulphuretted hydrogen disengaged is proportionate^
to^th^tjigjilk^,smb.m^t& formed.—(BuiletigA^oSGie,»C]eft.).i. i

'On^Jgib 9rii ol !x;qoii- __
, ., ^^wjoIIoI 8b bnuol sd

-'imoiB 3di ^ 2, Larhono-Phosphate of So^-^^ ^^^ rrsawlad

i(ffibw3«4^ a Prussian blue manufactory in ttoiMa^bDatdiooS)
of//Ql8i^sgow belonging to Mr. Macintosh, in'whichy[liMew4s^

prussiate ofpotash is made in very considerable quantities. The
acid is obtained by the combustion of the hoofs of bldfel^liartfl^

imported chiefly from Ireland
;
and the hoofs of a thousand

cattle are required for every day's consumption in the 'tnmiiiiS,i>

tory. The slaughtering of cattle in Ireland having considerably
diminished at the end of the last war, hoofs became scarce.

This induced Mr. Macintosh to substitute the animal substance

caW^d' cracknales, procured chiefly, I believe, from thfe' San^le^

makers. Soon after this substitution, considerable
quaptitjgj^g^

a 'white salt in fine needles began to make their appearance ,^ftr

the prussiate of potash leys, and incommoded the process con-

siderably. These crystals exhibiting appearances different from



685 .'Scientific Notkes-^Chemisity. 't^ov.

any of the common salts, Mr. Macintosh sent me a quantity of

them to ascertain their nature. !

> tf ^

The crystals were pretty regular six-sided prrsrtis,Vhich were
obtained of a

pretty large size by a second Crystallisation. The
taste was cooling, and alkaline, and they tfeWdcted cudbear paper
violet, indicating the presence of an alkali. The s^fjt jfo.^ Pfetty
soluble in water, and the crystals were not altered by exposure
to the air. They effervesced slightly, but

distinctly in nitric

acid. ' " '

I neutralized a portion of these crystals by means of nitric

acid, and then mixed the solution with a sufficient quantity of
nitrate of baiytes

—a white precipitate fell, which, when washed,
and dried on the filter, was a beautiful white soft powder, which
dissolved without effervescence in nitric acid, was again preci-

pitated by ammonia, and exhibited all the properties ofphpsplmte
of barytes. I therefore decomposed ^ portion of it >)y mean^ of

sulphuric acid. The acid which I obtained possessed tj>a (pi?

lowing properties :
•,, ,,

* It threw down nitrate of barytes, and
nitjfatfeoj^l^a^ white,

'and both precipitates were dissolved by nitric acid, Persulphate
of iron was thrown down white, and the precipitate became red

when digested in potash ley. Nitrate of silver was thrown down

yellow, and the precipitate was dissolved in nitric acid. Muriate

of lime, muriate of magnesia, nitrate of strontian, sulphate of

copper, sulphate of zinc, nitrate ofmercury, were not precipitated.
From these properties, there could be no doubt that the acid in

the salt was chiefly the phosphoric.
—I now dissolved a quantity

of the salt in water, and neutralized it exactly with sulphuric
acid

;
the solution was then concentrated, and set aside. It

shot out into crystals of sulphate of soda, and phosphate of

soda, easily recognized by their shape.
To ascertain the proportions of the constituents, I dissolved

200 grains of the crystals in water, neutralized the solution with

nitric acid, and precipitated by nitrate of lead. The precipitate

weighed 141*3 grains, equivalent to 28*26 grains of phosphoric
acid. The residual liquid contained no lead, but was entirely
nitrate of soda, weighing 109*5 grains, equivalent to 40*74 grains
ofsoda. Now, 28*26 grains of phosphoric acid require for sata-

ration 32-297 grains of soda. There remain 7*443 grains of

«oda, which require for saturation 5* 117 grains of carbonic

.*Qid.

^iThus, the constituents of the salt are

>«oni rtoifi Phosphoric acid 28*260 or 14

uiooo • "Carbonic acid 5* 1 17 . . 2*535

^m M Soda 40*740 ..20*182

Waterway.. 125*883 . . 62^y

200*000 ii a?r v}-^m ; : .
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Now,
4 atoms phosphoric acid ,,,,,,., = 14

,,1^/1^m carbonic acid
._ti^.^:^*>^

„ = 2*75 »<{!

^-BqiB9fllS#^W^''W^^®^>*^^te«<*^^^^
61-87^ :-•

H^ttk^l in^'^^^^pos^^ ^^ (Consider tlie's^Lft a!s' a compound of
-^oqz9 yd Iwi -s^- r, :\ r • ./• ;

!

fin m "^^
atoms phosphate of soda 30

1 atom carbonate of soda 6*75 '

^'iifl lo d5&%toms water />* .t^^-* 61*875
'-

i^jiinBup JntJi-A. . itfvi un; .^~

^4d8fiw nariw ^rimiiw ,tl^'i
'vf 98-625

If this T)e really a compound of phosphate and carbonate of

soda, the union is very slight ;
for I found that by repeated

solutions and crystallizations, I could separate from it phosphate
of soda in the usual rhomboidal form. What leads to the notion
that it is a compound salt, is the form ofthe crystals

—asix-sided

prism apparently regular, which could not be derived from the

f^rimary

form ofphosphate of soda. Nor is the water of crystal-
ization what it would be if the salt were a mere mixture of 4
atoms of phosphate of soda, and 1 atom of carbonate of soda ;

for phosphate of soda containing 12 atoms, and carbonate of
soda 10 atoms, the v/ater of crystallization should have amounted
to 58 atoms, instead of db—the quantity found, unless there was
an error in the analysis. I do not well see, however, how any
supposed error could serve to diminish the apparent quantity of
water in the salt

; but it is possible that the salt may have sust

tained a loss of water before I began to examine it.—(Dr. Thojpfi-
son's Attempt to establish the First Principles of Chemistry,)|p

MlKERALOGY. -^^ii^^-4^^

^ ..j ,^,^5 ,
o. Beryl m LornwalL

Ki'iO'ig£ .a i

We have been favoured by Mr. A. R. Barclay, with a notice
of his discovery of the existence of the Beryl, in Cornwall

;
he

states that the crystals are nearly colourless, though some have a

very faint greenish hue
; they are six-sided, the summits of a

few have the edges of the plane taken off, but most of them
are flat; they are very small, and some thickly grouped; with
the blowpipe they become of an opaque white. They are

accompanied with apatite and mica, crystallized upon a dark

grey quartzy wall of a vein which so commonly traverses the

granite and schist of St. Michael's Mount, and in which most
of the minerals to be met with at that interesting spot occur.

They were not discovered in situ, but found in one large mass
or slab, lying

detached close to the little cliff of debris, on the
south side of the Mount, at that part only which would be
washed by very high or stormy tides.
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4. Sodante of J^i^si^ l9tlB ^(lMaotP:

The feirystals
are distributed itt^

<ft^j4»WllteMf^io^^
and ^sociated with grey feldspar, paife ^^^»ft<JMS^^dyeiifcous

spai^^'rid autrite ;
the latter of varib^

.tihW^^c»lbiJft^Htfftlk)ft€n

perfectly
white and transparent. 1 FrfftH^ttSifr^d^aWh^frions

in cDmbination with the hexahedroii', eJoii^ted-in the rUr^Jon
of one of the rhombohedral axes. Cleavage pretty Hi.stirffeHy

parallel
to the faces of the dodecahedron, but much intefruj^ted

by conchoidal fracture. The surface of some of the crystals ite

rath'er S^ootl?^' but does not possess much lustre, which is

vitfeou^';' tnofe generally, the edges are rounded otf;^ ^aftjcl-
-

tfe^

faces' curved so as to obhterate the regular f6rm4if b^l§|ii^
rarie's fronipale greenish-white, to a sky-blue. Hardness 5-5 tO'6'

of Mbhfe* scale, between apatite and feldspar, nearest the latteV]^

Specific gratity
= 2-349. '.^i

^^O .i- b ^

The comparison bf these crystals, of which th^#ll^^%^¥ifea
Tarietiesi is connected with the question whetlrt*i^§%ijBtet<(;'

spinellaue, haiiyne, and crystallized lapis lazuli 'arer'"d'i8fe$et

species. The new varieties of the Vemvian soda/it c, exahlitt^d

by Mr. Haidinger, are in the Royal Museum at Edinburgh, and
were arranged by Professor Jamieson with haiiyne, which sub^

stance appears to belong to the same species ;
and M. M.

Bergemann, Nbggerath and Von Gerolt are of opinion that tb^

preceding substances, especially the hallyne and spiiiella«§)

fonn varieties of one and the same species.
—(Extracted ^^fil'

Mr. Haidinger's paper, Edin. Phil. Journal.)
^^ adi leiH

-^sbiiinsY 95, Boracic Acid in Lamd'sixa do'fdfr 3iuiom*r
> C bfioA jjjol uj^; 7i4^9 dlb^ y199t} aifioinm

According to Moncand, in the ^Onan Isles/ boracic
f-jf^

assists in rendering the lavas more easily fusible. Do the lavas

and obfeitfian df Lipari really contain boracic a&id^?^ ^e\(green-
stone of Salisbury Craigs in this neighbourhood, contains Hum-
boldtite, a mineral rich in boracic acid. Does the mass of thi^.

greenstone rock contain any of this curious substance ?—(Edln©-
Bbil. Jounaal^ ^jLoh ^ii: ,.,;: oiii a^av/jacl noiiaoiauinmo.

-
! nadw VB ^d ZoOLod^;o') doidw lumioe sdi aldn-

YiaiusinibLti i
• '

^ ^ ^>:)nihiii-Ji£^ .^nuiaiodi .o

6. On the Circulatory System of Saunt, By Prori^)^^-,

T^Vffil^^fiW^W if comparing the structure of the heart with

tferB^^'mHH^ e?ocodile, which is very unlike the heart of

the Turtle, to which Cuvier, in his Comparative Anatomy, has

compared it As ho correct description of the anatomidal

stnicture of the Saurii has ever been given to the pubHc, I shall

offer a brief outline of these organs in the crocodilus iucius,

which will serve as the type of all the lacerta.
"

'
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1. I forced air into the vena cava ascendens, v/hich inflated

the right auricle and ventricle, and passed into the lungs through
the pulmonary artery into the splanchic aorta; also into the

systemic aorta through the valvular opening at its base ; the

blood into the superior cavse regurgitated.
2. I fojrced air into one of the pulmonary veins which inflated

the left. auricle and ventricle, passed into the systemic aorta,,
and the subclavian trunks which leave the super cardiac sacs,'

(each of the large arteries are dilated immediately on
leaving

the

heart^i and are so united as to appear externally as a single
sac.)

The circulation in the animals is briefly as follow : 1st, The
blood passes from the right auricle into the ventricle of the same

side, and in this cavity there are four openings, 1. One leading
from the auricle; 2. One into the pulmonary artery; 3. One,,
into the splanchic aorta, carrying black blood to the viscera^^
and 4. One into the systemic aorta, by the valvular communi-
cation of the circulation when that through the lungs is impeded
by expiration. During expiration there is still some pulmonic
circulatioHj a small quantity of blood passing from the lungs

through the left auricle to the ventricle of the same side, from
whence it has a direct passage into the systemic aorta; the valve

at its base will not even permit air to pass into the right side of

the heart, nor will the semilunar valves of the aorta permit regur-?

gitation, so that the only mixture of black and red blood takea*

place in the systemic aorta during expiration or collapse of the

lungs. The systemic and splanchic aorta do not unite until

after the viscera have been supplied with blood by the latter.

In the land lizards there is no necessity for that complicated
structure which exist in the crocodiles, and the ventricles com-
municate freely with each, other.—(Harlan. Jour. Acad. N. S#

Phin '^^^"^oo \89fel nfiHo^i 5XU ^mtyiOiiOf^

(t^^ipm^ Float ofJanthina. By Tteynell^Cp^t^g^M.D. ^
Sorrie have asserted that the animal of J6f?z/fea is capable of^

absorbing the air of the vesicles and refiUing them at will, in ordepi

to sink or rise in the water, but Cuvier could not discover mijr^
communication between the animal and the float, or any cavity?
within the animal which could contain the air when absorbed ;

he, therefore, was inclined to consider it as a rudimentary

operculum.

During a voyage to the East Indies, I had several opportu^
nities of observing the mode in which this organ is

Qonstri;cte(| .

by the animal. \
j^, ,U. ,-.

, Ah^^V^ikt
Individuals being placed in a tumbler of brine, and a

pprti^^jj
of the float t)eing removed by scissors, the animal very sopj^j,

commenced supplying the deficiency in the following manne?;;
the foot was advanced upon the remaining vesicles, until, about^

New Series, vol. x. 2 c
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two-thirds of the number rose above the surface of the water.

It was then expanded to the uttermost, and thiown baqk upon
the water, hke the foot of a lymneoua when commeneing to

swim; in the next place it was coatracted at the jedge, and

formed into the shapj^
of a hood, enclosing a g;lob'ule-of air,

ivhioh w*& alowly applied to the extiremity ot the iloaU A. vibva-

tory movement could now be perceived throughout: the foot,

and when it was thrown back again to renew the process, the

globule was found inclosed in its newly constructed envelope.
It doe^not appear that the janthinse ever ,Ein|L,,^e)ip\Y, ihe

surface, while they remain attached to the vesicle ; bi^t, ;iynen

they aJj^ .entirely separated, they immediately fall to tl^isqottom
of the tumbler, and are unable afterwards to rise fi;Q^ft their

position, and though they continue to be vigorous for some time,

they generally die in a lew days. As their respiratory organs
are calculated for the, water, this circumstance is probably acci-

dental*M;i o'Aj^'\ w. .- ;.,• . -jLv -i'^u *i- < '

Along tthfcS surface, of the float passes a httle IJDei off pearly

fibres, and upon this line are attached the egg of the animal. In

J. fragilis tiie float is convex> slightly scaled above, and concave

beneathi strait and composed of large vesicles. In the I. globosa
it is composed of smaller, it is flat above and beneath, and by
the re-union of one of the edges, it is formed into a spiral and

Hearly circular disk. \ \\]\\n \\ ^^^^

.
Thjei float appears toi Wii50TW»t?Vcted for the purpose of sup-

portiog lits isheli and its young upon the surface of the water,

and is.secreted.by the foot, and has no attachment to the animal

except by the close cohesion resulting from the nice adaptatioa
of their proximate surfaces.

8. On the Vertehrcc of Reptiles and AmpJuhia, By R. Harlan.

Cuvier, in his Ossemens les Fossil,remarks,
** the dorsal vertebra

of the Maestricht animal have their transverse apophyses short,

and terminated by an articulating surface enlarged vertically,

which carries the ribs, which is consequently attached by a

single head;- this characterizes the monitors, and most of the

Saurians, excepting only the crocodile, in which particular this

structure is absent, with the exception of the three last ribs."

To the Crocodiles, as an exception, Cuvier should have added

the Ichthyosaurus, Iguana, and Camelion, amongst the Sau-

rians, together
with the Crotalus and Coluber amongst the

Ophidia, m all which the ribs are articulated with the bodies of

ihe vertebrje by two tubercles, but do not unite M^itlk/Ahe trans-

verse process as in the Crocodile. t^ ^' '

Conceiving it highly important to the science of Osteology,
to ascertain correctly the manner in which the ribs of the difler-

ent genera of the Saurian Family are articulated ;
as far as my

examinations have extended (with the exception of those genera
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above noticed in which the ribs are articulated to the body) the
transverse processes (or a tubercle which supphes their place)
receives the head of the ribs as in the following genera : viz.

the Plesiofeaurus, Maestricht Animal, Calotes, Monitor, Ameiva,
ScincUs Geckos, Agama, Anolis, also the Sirena, the Triton,
and ''the Salamandra, .amongst the Batrachia.—(Harlan Jour.

oqofevno h3Qtjj'£hi<thevkmrnwus Sumatra Ape. i *^fiw gludol;

An"^c(iourit' has "been' lately published of the caption oi" a

specimen of monkey at Taruman, in Sumatra, which is said by
some to be six, and others seven feet high. It is, perhaps, the

full-grown ouran-outang.—(Edin. Jour. Scien. 1825.) ^

f}l.an Biiii^fi i >: ..„ . q
Jjw-^'io '^T.o}0,

On some newly described British *

,;f$fh'{W;^taacgillwray has described in the Edinburgh Journsi
of Science what he considers a new species of Pecten found on
the island of Seappay and the east coast of Harris. He
describes it as follows:

P. niveuSj snowy pecten. Shell orbicular, thin, diaphanous*
Snow white, ribs 46, rather compressed, rounded> and scaled

with short thin spines.' (Edin. Phil. Jour.) t. 3, f,\. Length
3 mches>i breadth 2-fI length of the auricular margin 1 inch.

Mr. Macgillwray only compares it with P. varius, perhaps not
aware that Pecten Islandictis, Lam. of *which this shell appears
t^'be only a variety, has long been known as a British species.
'Mr. Lowe, in the Zoological Journal, has described two shells

which appear to be new to this country. '->- j*^'^ iifs
.y^u jqjo^.'

Turbo carneus, t. 5, f. 12 ^. Shell suhconibttl^'^ttffrfHlicrfl^

girth wijth regular rather distant elevated striae
;
the spire short,

with the apex elevated acute.

This is allied to Helix margaritd of Montague, which Mr,
Lowe also makes a Turbo; it is the Margarita striata of Dr.

Leach, in the Appendix to Capt. Ross's Voyage.
Chiton Aselloides, t. 5, f. 5. Shell carinated, the valves

slightly beaked, minutely, but regularly granulated over the
whole surface not at all in a beaded manner; margin coarsely
granulated, the granulations raised, black, dark. Chocolate
brown or black ; the ridges, edges, and interstices of the valves

yelldwisli white. Fringe very short and indistinct
; length

rather less than one-half breadth one-fourth of an inch
j inhabits

Oban, Appin.
*^' hi^.- ^i..;.i/; Ihi ai^i]vniii.\0

Mn Lov/e als^'d^6ftbcs a species of Te>PehY^kl^^'hii^^f t\ff^

name of T, costata, as new both to science and Great Britain
;

but it appears to be the T. aurifa, figured and described by
Dr. Fleming in his Philosophy of Zoology, as found in Scotland.

Mr* Bell, in the seime journal, has described what he considers

^,
n..h ^. .

.^.
. 2c2
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a new species of Emarginula, which he discovered in Poole

Harbour, under the name of

Emarginula rosea, t. 4, f. 1 . Shell ovate, cancellate ; inside

rose coloured, vertex acute, much recurved or nearly involute.

This shell is^very common on the English coast, and appears
to be only a variety of the E, coitica. It has been figured by
Mariiuiy i. t. 11, f. 109, 110, and by several other conchologists.

.... il. On the East Indian Unicorn^
t>.'<(l''v,u1?» Off rno't " '

Whether the animal called by the Bhoieas was, as they
ti«serted^i the unicorn or not, the horns which they produced
prov€djthatthey spoke of no imaginary creature, and warranted

every exertion to discover the animal to which they belonged.
Interest was, therefore, made with the local authorities to assist

in the, search, and inducements held out to travellers to procure
Ibe lanimalj '

Accordingly a few days since the skin of the

i<^A//Awtwas sent to the resident, with the horns attached, proving
f^he .anio^J to be no unicorn, but a noble antelope, of a species

apparently new. There was no possibility of procuring it alive,

as it frequents the most inaccessible parts of the snowy moun-

tains, and is exceedingly vigilant, and easily alarmed. It is

found in the haunts of the Musk Deer, and sometimes associates

withfthem.u ^ oiiiv-fi s-

It is added that though the animal produced is biconiate, yet
that son^e-of the species are unicorns—-a rather odd assertion,

1,which, however, is stoutly maintained. Every one, therefore,

HAvJll, i'lom the production of the present animal, augur every

^thing.or nothing for the existence of the unicorn, according to

^ijiis particular fancy. This only seems necessary, that the name
Chii-sii

y.
and the horns (abundance of which has been furnished),

should, for the present be given to the bicornate animal, and the

ultimate right of participating in either, due to the unicorn, left

^t^;(the),
decision of time. It is much to be regretted that the skin

*3WB^c^ent folded up in such a manner, and suffered to stiffen

3il»Ah^ti(Stat^,,that the figure of the animal to which it belonged
i;l39^|haTdly.vbe conjectured ; nay, the probable size even will be

obtained, if at all, by painful admeasurement of such parts as

are^^pt aJiriyQl^d^
and a comparison by analogy must fill up the

due amiensions' of those ports that are so. The animal is an

antelope^ not a deer. It is a male
;
his colour slaty or bluish

*

limno: to red, especiallv on the back ; his hair, which
deal of

ffrey,, mclinmg to red, especially on the back
;

his hair,

^is^
about art inch long, and exceedingly thick, has a good

jjthat fjuill-like
hollow appearance and feel tliat characteri

^

xvtuf«t
Deer's hair, but it is softer and shorter than that animal's.

^.lt/reseml)les as nearly as possible the hair of the Nowahs, or wild

, Wheep of Bhote in colour, texture, and feel, and like the Nowahs
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conceals a Spare ^fleece of very soft wool lying close to the

animal's skin. The forehead is nearly black, and so are the

legs ;
the belly white, and snout nearly so ;

the snout in size and

shape deer ''like*^ the horns are placed very near each other

entirely ori^the back of the head, and with that side >upjferniost
on which^the annular marks are largest.

'iro.j

Thi^ ihi^^t remarkable feature in the animaFs figure is the

excessive length of the neck, which is almost half of th& whole

body. . '. -^ \ \ .^\ .'
,

., 5
, ,

;

The dimensions, so far as they can tae taken from so shrivelled

a^skiril^ai^as follows: - *•
'-

'^Th'^^'fekift'itJ^elf will probably be sent down by and bye, from
Which'a'-'iAWe accurate description can be made

;
but tO'giiard

against contingencies the present one may suffice^JO^J'i^'^^ \
Total length five feet eight inches

; length of body four feet

two inches; circuit of body, very faulty, shrivelled, two feet

three inches
; length of body between the legs and beneath onfe

foot eleven inches
; above, from hip to shoulder blades, two fefet

34- inches
;
the neck, from back of head to shoulder bone, one

foot nine inches; height of fore legs, the body being shri-

velled, only one foot eight inches
;
of hind leg only, faulty,

one foot eight inches; length of head ten inches
;
circuit of

head one foot eight and a half inches; length of horns two feet

one and a half inch : length ofears four inches and a half; lengtk
of tail eight inche^I^tJOiq iRfrri u sdi rl-o^mi^i t^^ j bJb^.

Such are the dimension^ according to careful measurement:
the principal deficiency is in the bulk of the body, its depth, and

circumference, neither of which can be obtained in the present
skin. Admitting the Ghirsu, however, to be an antelope, the

general notion we have of that animal's figure, taken in con-
nexion with the proportions above given, will enable an adept in

the comparative anatomy of animals to deduce probably the

entire size of the Chirsu with tolerable accuracy.
•

This is the rather to be attempted, because it is very unlikely
that we shallsoon obtain a living subject, and as long as the

skins only are brought, there seems little chance of one more

perfect than the present ever reaching Atmandra.'^(CQlcuttQ.
Orient. Mag.) "e \ >

• 1^. On the Chinese Marnier of forming^ Artificial Pearls.

-

-,
:.' :' .' :.<''" .. By J. E. Gray. *.^

"^

;; /%
'

Th a former riumb^er of this Journal, I gave an account of the

manner in which pearls might be formed artificially, of any size

or form that is required. In a late visit to the College of

Surgeons, I observed some pearls in the same species, of shell,

{Barbala FUcatay) which had the external appearance of being
formed artificially, which Mr. Clift, the excellent conservator

of this establishment, very kindly allowed me to examine and
describe. .,; :,, ; ; , i ._ ..,,_.^.. _; ./,_ „ '•*;, ;
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These pearls are of a very fine ivater, and nearly orbicular ;

their base is supported by a small process which separates at

the end into two short divero^ing processes, which stand off at

right anjrt^les to the central rib
;
on more minute examination it

appeared that these pearls were produced by there being in-*

troduced between the mantle of the animal (while yet alive)
and the shell, a small piece of silver wire, bent into a peculiar
form, that is to say, so as to form a right angle, with one arm

ending in two diverging processes, so as to make the simple
end always keep its erect position. These wires must be intro-

duced in the same manner as the seitii-orbicular pieces of
mother of pearl in the other method of forming artificial pearls,
as there is no appearance of any external injury. The pearls
are solid and nearly orbicular, with a small pedicell, which is

continued so as to entirely cover the wire. They may be per-
forated and used so as to show their whole surface, which I did
not expect could ever be the case with any artificial pearls ;

but

they must doubtless, unlike the artificial pearls formed by the

other means, be a considerable time in coming to any useful

and valuable size.

MlSCEXXANEOUS.

13. Greenwich Observations,

The follov/iug extract of a l^tt^r, addressed by Professor
Bess?l to Professor SphumacJber, appeared

in the last No. of
the journal of Science.--" Whe^i I had the pleasure of bein^
your gu^st^t Altona, you showed me the numbers of the Philo-

sophical Magazine,
which contain a very severe censure of the

Gveenwi9li Observations for 1821. I saw this censure with
some surprise, bepause I had always considered the collection
of obs^rv^tipris at Greenwich as singularly valuable, and as a

mh source :0f ast;-onoraic^l truths
;
nor wer'e you, 1, believe, of a

differeut opipipti, and we vvere perfectly agreed respecting the

ur^iinportAiji^pe qf the inaccuracies that were imputed to this work
in

tii^tY^P,, papers published in the 64th volume of tiie Philo-

sophical Muoazine. For those who are acquainted with the
Greenwich pbservations, and who compare them with the critic's

remark?^ eve^y further explanation would be superfluous, but
since it may be supposed that these remarks will fall into the

hands of
many persons not well versed in astronomy, I readily

comply with the request which you made, that I would commit
to writing our common view of the subject. I feel, as well as

yourself, the
propriety

of doing my best on the occasion, in

order that too great importance may not be attached to this

censure of an establishment, to which astronomy is indebted for

a great proportion of its advancement
*,
and that its importance

cannot be very great, is sufficiently shown by the facility with
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which Mr. Olufsen has computed the declinations of the funda-

mental starsy'as published in Nachrichten, No. 73, from the

Greenwich observations for 1822. .
'

The greater number of the errors which feave been pointed
out by the censor, are merely accidental errors of the pen.
Errors of this kind are certainly disagreeable, and it would b^
better if they could be entirely avoided; but since all coUeqtions

of observations in existence do contain such errors, they clearly

appear to be unavoidable. The first class of errors mentioned
in the Philosophical Magazine contains the cases in which the

mean deduced from the readings of the two microscopes A and
B differs from the column in which that mean is assigned. Since

there must be some manifest oversight in all these cases, it

may sometimes be difficult to determine whether it is in the

readings or in the mean assigned, but it will, in geneml, be easy
to distinguish, fiom the preceding or following observations of

the same star, where the error lies. ;

,. ,
, r,)^..;

The second class contains the differences between different

records of the same observation. These must be errors in the

copies sent to the press, and not in the readings of the mi-

croscopes ;
and they may generally be corrected by a compa-

rison of the two passages : they sometimes extend to whole

degrees, or to the tens of the minutes, and are then of no

importance ;
for example, in the observations of Procyon, the

,16
micrometer wires, as they are deduced from different observa-

tions of the same star. These are often dependent on errors ^of

the pen, as in the observation of Capella on the 7th February,
and in that of Sirius on the 8th, where there are errors of 5'*^

and of 4^' respectively in the fourth wire; frequently also they
arise from inaccuracies of observation. In the former case

they ere of no consequence whatever, being easily detected ^t
first sight; in the latter they are fiindamental imperfection's ;

but such imperfections are inseparable from the nature 'of

observations, and it would be ridiculous to 'expect from 'an

astronomer that he should perform impossibilities. A/l registers
of observations exhibit inaccuracies of this kind, and if any
should be produced without them, it might with confidence be

asserted to be a forgery. The diligence of the astrbndilief is

proved, not by the perfect agreement in his tenths of seconds,
but by the magnitude of his mean or probable

^

error
;
and it

would probably be difficult for the critic to
'bi*ovb'^'t^|

ifi?^ yfror

is much greater in the Greenwich observationi,tHWtH^^nature
of the instruments renders unavoidable." '-^

KfJ

^M)
isbnj .

The errors of the Jifth class, which
compi^eftehdi^'^^fe'*

W-
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ferences" between the polar distances observed with two and
with six microscopes, seem to me to have been introduced

without the least propriety : they are either insignificant errors

of the pen, as in the case y Draconis, 28th March, or slight
accidental errors of observation, mixed with the changes of

place of the stars and of the refraction, or, lastly, changes of

the place of the pole on the instrument. For this last the

observer can by no means be responsible. Had the critic

pointed oift any new method of fixing the instrument so that it

should be subject to no alterations, he would have deserved the

thanks of all practical astronomers ;
but the constant result of

past experience shows that the greatest possible care, in pro-

curing a firm foundation for the pillars, affords us only a com-

parative and not an absolute stability. The fixing of the

instruments at Greenwich has been such as to keep them for a

long time admirably firm; but at other times it has not been so

successful, as may be seen in the table of the place of the pole,

printed in the Nachrichten, No. 73
; the differences between

the latter days of July, and the beginning of August, 1821,

depending on a change of this kind, so that they cannot be

considered as accidental errors of observation, nor are they of

material importance, as they may be readily determined by a

series of observations of the pole star, so complete as those

which are made at Greenwich. The accidental irregularities of

the polar distances, which remain after the correction of the

place of the pole, can be as little considered as an imputation
on the accuracy of the observer, as those of the intervals of

the micrometer wires. The truth of this remark is illustrated

in the Nachrichten, No. 73.

The fourth class contains the differencCvS between the times

of transits observed with the transit telescope, and the mural

circle. The latter instrument, however, not being intended for

the observation of transits, nor being ever actually so employed,
it would have been of no manner of use to seek for greater

accuracy in the memorandums Avhich are made merely with a

view of determining its place with respect to the meridian.

We dught to acknowledge the occasional insertion of these

memorandums with gratitude, as they assure us that the instru-

ment never deviates so much from the meridian as to affect the

Solar
distances; but they are not intended for any other purpose,

either Bradley nor Maskelyne have ever noted the times of

the transits by their mural quadrant, although it was more
liable tb vKriktiorl than the mural circle. But to correct the

place <if thfe axis of this circle continually, so as to bring it

perfectly'irito the plane of the meridian, would certainly be of

no advaiifei^^ to the Greenwich observations.

Other wbrs which are criticised, for example, those of the

nameJ»t)f'tW4^ fetes, of the hour or minute of their transits, and
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so forth, are of no material importance whatever
; and how-

difficult it is to avoid errors of this kind, may be inferred from
the circumstance of my having found about 1400 such errors in

Bradley's observations.

The remark that the observations at Greenwich are com-

monly concluded at midnight, would be of some weight, if it

could be proved that any thing essential is omitted by this

practice, which does not appear to me to be the case. The
observations relate chiefly to the sun, the fundamental stars, the

moon, and the oppositions of the planets ;
and it may easily

be discovered that these different series are exhibited with an
uncommon degree of perfection. Had the censor in the

Philosophical Magazine pointed out any other series of observa-
tions which could have been combined with these, so as not to

interfere with them, no doubt the Astronomer Royal would
have been much obhged to him. Every thing cannot be done
at once in an observatory ;

and if as much is affected as can
be wished in one respect, something must be omitted in others.

But to multiply observations, without any plan or object what-

ever, would be mere idleness. Whoever is dissatisfied with the

actual riches of the Greenwich observations^ would do well to

make the attempt to excel them ; he would convince himself by
such an experiment that the labour and patience requiredfor doing
so much, are fully sufficient to exhaust the powers of any one

man.
The third class of errors, relating to the n^eteorological in-

struments, I have not yet mentioned, because I think myself
that greater accuracy is required in this department than it

has hitherto been usual to observe. 'And if I should be allowed
to suggest any improvement that could be made in the observa-

tions at Greenwich, it would be a more correct account of the

meteorological instruments, and of the place in which the

exterior thermometer is fixed."

14. On the Zetland Islands,

An accurate chart of the Zetland Islands has long been a
desideratum in British hydrography. Authorized surveys of

them have, it is true, been made
;
but of these some are almost

obsolete
;
and all are more or less partial or defective : and to

errors of this nature, perhaps as much as to any other cause,
are to be ascribed many of the disastrous shipwrecks of which
that remote country has too often been the melancholy scene.

It is not a httle surprising that while the most extended,

expensive, and minute surveys have been executed by order of

the English government of many distant regions of the globe,
the nautical geography of the northern extremity of the British

Islands should have been so long suffered to remain in ob-

scurity. Charts are to maritime, what roads are to inland com-



8d4 Scientific Notices—Miscellaneoun* [Nov.

merce : and we duly appreciate the laudable and fostering care

which our statesmen have evinced to facilitate its extension

and stability.
^ ' •

;

The Zetland Islands have too long been the bugbear, the

-Scylla and Charybdis of northern mariners
;
hence commerce

has been repelled from them
;
and one grand source of their

improvement and prosperity injudiciously obstructed. Besides,

they might afford a secure refuge and resting-place, not only to

vessels trading in the North Sea, but also to others forced by
boisterous weather, and unavoidable accidents, into their lati-

tude. And when, superadded to these circumstances, are con-

sidered the barbarous and iron-bound nature of the coast, and
the dangerous rapidity and variety of the currents, it cannot
but be highly gratifying to learn that this important chasm in

our maritime knowledge is in progress of being filled up.
For this purpose the Admiralty, in the month of May, this

year, sent to Zetland their surveyor, Mr. Thomas, an officer

whose ability, experience, and indefatigable zeal are so con-

spicuous ;
and who has more particularly displayed his

dexterity and talent in his surveys of the two metropolitan
rivers of England and Scotland, and their adjacent coasts

;

and we trust that no delay or impediment will now occur to a

work so very desirable, and which will reflect so much honour
on the enlightened liberality and humanity of our Admiralty,
and on the skill and activity of its surveyor.
The coast of Zetland is everywhere bold, and prominent, and

intersected with numerous and excellent harbours, of which
the headlands are the sublime and natural beacons

;
and there

are few situations in which the seaman can be placed where the

confident guidance of an accurate chart might be of such para-
mount utility, and few where the want of it might be so perilous
and fatal. Such a chart of Zetland would be a permanent one ;

unlike in this respect to many, regarding other parts of Great

Britain, which require to be frequently modified to suit the

changes produced by the action of the waves in the formation

and dissolution of sand-banks. And where, even the best

charts can be too often of little other use, from the scarcity of

harbours, than to present more distinctly to the unfortunate

mariner the locality of his inevitable and impending ship-
wreck. Y.

15. On the Thermometrical State of the Terrestrial Globe,

M. Arrago, in an article in the " Annales de Physique,"
'discusses tlie question of the temperature of the globe at its

'J=«urfac?e,"and arrives at this conclusion, that in Europe in general,

a'iid in particular in France, the winters, some centuries back,

have beeh as cold as at present. He grounds his opinion upon
the fact of the freezing of the rivers and seas at a great number
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of periods even of very remote date. The author then gives a

table of the extreme temperatures observed at Paris, from which
there results that, in the second half of the kst century, the

greatest cold (23-5° cent.) took place in the 25th January, 1795,
and the greatest heat (38*4°) on the 8th July, 1793. He then

gives the temperatures observed during the expeditions of Cap^
tains Parry and Franklin, and the dates of the natural congeiar
tion of mercury, together with the tables of the maximum tem-

peratures observed on land, the maximum temperatures of the

atmosphere observed on the open sea at a distance from the

continents, and of the maximum temperature of the sea at its

surface. From these observations together M. Arrago draws
the following conclusions : 1st, In no part of the earth on land,
and in no season, will a thermometer, raised from 2 to 3 metres
above the ground, and protected from all reverberation, attain

the 46th centigrade degree ; 2dly, In the open sea, the tempe*
rature of the air, whatever be the place or season, never attains

the 31st centigrade degree ; 3dly, The greatest degree of cold

which has ever been observed upon our globe, with a thermo-
meter suspended in the air, is 50 centigrade degrees below
zero ; 4thly, The temperature of the water of the sea, in no

latitude, and in no season, rises above 30 centigrade degrees.—
(Ann. de Phys. et de Chim.)

16. Light of Haloes,

.. M. Arrago, from observations made on the 11th April, 1825,
with the instrument v>^hich he has invented for the examination
of polarized light, has discovered that the light of haloes (lumi-
nous circles which sometimes appear round the sun, and whose

apparent diameters are 22|° and 45°), is not a reflected, but a

refracted light; a result which gives much probability to, the

explanation of the phenomenon proposed by Mariotte. This

philosopher supposed that the solar ray is refracted in it^ passage
through the drops of water frozen and suspended in the atmo-

sphere. M. Arrago is of opinion, that the observation of

haloes might lead to the discovery of the true law of the.decrease

of temperature in proportion as we rise from the earth's surface,
a law which hitherto has had no other foundation than, a single
^.erostatic ascension of Gay Lussac.—(Bullet. Univ. May;,^f^^^.)

17. On Aerolites.

Mr. Rose of BerHn has succeeded in separating, from* oi large

specimen of the aerolite of Javenas, well marked crystals of

augite, of the figure 109 of Haliy's Mineralogy. The same

specimen appeared also to contain crystals of felspar with soda,
that is, of aibite. He also finds, that the olivine of the Pallas

meteoric iron is perfectly crystallized, and that the trachytes of
the Andes, like the aerolite of Javenas, is mixed with augite and
aibite,—(Edin. Phil. Journal.)
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18. On Evaporation,

Pouillet, from a series of experiments he made, on the evapo-
ration of liquids, infers : 1. That, during the evaporation of

perfectly pure water, no electricity is evolved. 2. That when
water contains certain alkalies in solution, electricity is evolved,
which is vitreous for the apparatus, when the alkali is fixed, and
resinous when the alkali is volatile/as ammonia»-it^(iEdin. Phil.

Journal.)
,

•
. i

19. Amsterdam Qmoti

It may be said, with justice, that Great Britain has outstripped
ull the other countries ofEurope in what regards the undertaking
and execution of public works, in which utility and grandeur of

conception go together. We had been accustomed to consider

as unique in its kind, both with respect to its extent and its

other dimensions, our Caledonian Canal, whicli can carry a large

frigate from the North Sea to the west coast of Scotland
;
but

the new Amsterdam canal, which establishes a direct commu-
nication between the ocean and this important place of com-

merce, surpasses in depth and breadth every thm^ 36rttte same
nature existing in Great Britain. It appears that a' frigate of

44 guns has already passed along its whole extent, and it is even

capable of receiving vessels of 80 guns. The projected Ports-

mouth canal, which is inteaded to receive vessels of the line,

would rival that of Amsterdam as- to depth and width, and

surpass it in length, in proportion of a hundred to fifty.miles.—

<EdiiiV'Pfeil. J<SUtAall!)Firn8
.3 aamul^ ii8 ^^ .Biofi rlg'l^rfa

B '.tiw ;bo. },QdM-nSimiffQrse, killed i/ijOrkfie^,,\ p„, ^^q'. 'i

Arf%itraet^cffd"^imfef from Robert Scarth, Esq/ oflCirkwall,
is given ii^ the last number of the Edinburgh Philosophical
Journal, 'describing thfe capture of a walrus of very' large size,

w}iich afjjei' having been first seen in the opening of the Pent-

land Frith^ \ya^ again discovered lying on the rocks of the island

of Eday by one of the shepherds of the proprietor, who had the

tfl^ood; fortune t^,wound it severely by a shot.in the body, and

thaving followed it to sea, with some companions, in a boat,

-succeeded in ultimately making prize of it, and towing it ashore.

1*1 the adventure, one of the party had nearly paid dear for his

t expedition, for having seized the walrus by its hind leg, the

animal pulled him out of the boat, and dragged him to the bot-

tbm, and^ft w^^^with difficulty his life was saved.' This is the

first inst^cc;. Mr. Scarth says, of any of these formidable

inhabitants of tile polar regions having been met with on our

coasts. The hide, though dried and a good deal shrunk up,
measured 15 feet in length and 13 in breadth, and was rather

more than 1 inch thick. The skin is in the Royal Museum of

the University of Edinburgh.—(Edin. Phil, Journ.)
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Article XIV.

. NEW SCIENTIFIC BOOKS.

PREPARING FOR PUBLICATION.

- A new Edition of Dr. Henry's Elements of Chemistry, 2 vols. 8vo,

will be ready in a few days.
An Historical View of the Hindoo Astronomy, from the earliest

Dawn of that Science in India down to the present Time, By John

Bentley, Mem. Asiat. Soc. >

Loudon's Encyclopaedia of Agriculture.
Researches in Pathology, Part I. containing an Inquiry into thei

Nature and Treatment of Dropsies. By Dr. Ayre.
A Treatise on Clock and Watch Making, Theoretical and Practical,

By Thomas Reid, Author ofthe Article *

Horology,' in the Edinburgh
Encyclopaedia. Royal 8vo. illustrated with numerous Platen.

JUST PUBLISHED.

The Practical Miner's Guide ; with a Treatise on the Art and Prac-

tice of assaying Silver, Copper, Lead, and Tin, &c. By J. Rudge.
Royal 8vo. 11. lOs.

A Treatise on the Ligaments; intended as an Appendix to Sir A.

Cooper's Work on Dislocations, and Fractures of the Joints. By
Bransby B. Cooper. Royal 4to. Plates. 1/. 1^.

The Art of rearing Silk-worms : from the Works of Count Dandolo.

Post 8vo. 9a-. 6d.

The English Flora. By Sir James E. Smith, Pres. Lin. Soc. &c.

Vol.3. 125.

A Short Inquiry into the Capillary Circulation of the Blood ; with a

Comparative View of the more intimate Nature of Inflammation. By
James Black, MD. 8vo. 6s.

Mathematics for Practical Men, being a Common-place Book of

Principles, Theorems, Rules, and Tables in various Departments of

Pure and Mixed Mathematics, v/ith their most useful Applications,
&c. By Olinthus Gregory, LL.D. &c. 8vo. Illustrated with Plates,

and 230 Wood-cuts. 14^-.

Typographia: an Historical Sketch of the Origin and Progress of

Printing, with practical Directions for conducting every Department
in an Office: also an Account of Stereotype, Lithography, and Deco-
rative Printing. By T. C. Hansard. In one large Volume, 8vo.

Illustrated with numerous Portraits, Drawings of Printing Machinery,
and other Wood-cuts. 31. ds.

Medico-Chirurgical Transactions, Vol. 13, Part I. 8vo. Plateg.

12s.

A Manual of the Elements of Natural History. By J. F. Blumenbach,
Prof. Univ. of Gottingen. Translated from the Tenth German Edition,

by R. T.Gore, MRCS. Lond. 8vo. Us,
']
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,
Article XV.
., , •. .... ... i r

NEW PATENTS.

W. Duesbury, Boasal, Derbyshire, colour manufttctppp^, for a mode
df preparing of manufacturing of a white, from the impure native Sul-

phate of barytes.
—

Sept. 29.

J. Martineau, the younger, City-foad, engineer, and H. W. Smith,
Lawrence Pountney-place, for improvements in the manufacture of

steel.—Oct. 6.

Sir G. Cayley, Brompton, Yorkshire, Bartj for a new locomotive

Apparatus.—Oct. 6.

J. S. Broadwood, Great Pultney-street, piano-forte maker, for

improvements in square piano-fortes.—Oct. 6.
'

T.Howard, Nevv Broad-street, merchant, for a yapour engine.—
Oct. 13.

,

- ' Vr I
r;. ;.

'

^'i;'.|A^;:.•^|^0'^ -;(':,{

N. KimbaH, Ne# York, merchant, for a proems o^on^^ingiron
into steel.—Oct. 13. ' " '

;
''^'^'^ ;'^ !^ ^

. B. Saunders, Bromsgrove, Worcestershire, lbl(tt>6n trt^nuMitWer, for

improvements in constructing or makirtg of buttons.—Oct. l3.

T. Dwy6r, Lower Ridge-street, Dublin, i^ilk raaii^ufactarer, for

improvements in the manufacture of buttons.—Oct. iSi'
' ''

J. C. Daniell, Stoke, Wilts, clothier, for improvements in jriachinery

applicable to the weaving of woollen cloth.—Oct. 13.

J. Easton, Braford, Somersetshire, for improvements in locomotive

or steam carriages; and also in the manner of constructing the roads

or ways for the same to travel over.—^ct. 13* ^

W. Hirst, J. Wood, and J. Rogerson, Leeds^Toi* rinprd^ements ii>

machinery for raising and dressing of cloth.—Oct. 21.

R. S. Pemberton, and J. Morgan, Lanelly, Carmarthenshire, for a

consohdated or combined drawing and forcing pump.—Oct. 21.

G. Gurney, Argyle-street, Middlesex, surgeon^ for improvements
in the apparatus for raising or generating steam.—Oct. tl,

L»W. Wright, Princes-street, Lambeth, Surrey, engineer, for im-

provements in the construction of steam-engines.
—Oct. 21.

H. C. Jennings, Devonshire-street, Middlesex, practical chemist,

for improvements in the process of refining sugar .^
—Oct! 22.

-^^i .Oc

Udi euionuii xk^L A ^aawioj
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Article XVJU

B lol .METEOROLOGICAL TABLE,^^'^"^'^
''

r^ . /
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REaiARKS.

Ninth Mouth,— 1—9. Fine. 10. Day fine: rainy night. II, 12. Fine.

13. Cloudy: several vivid flashes of lightning about eleven, a.m. followed by a long

peal of tliunder, and a very heavy shower of rain. 14. Rainy. 15, 16. Cloudy.

17. Showery. 18—20. Cloudy. 21. Showery. 22, 23. Fine. 24. Cloudy.

25. Cloudy night : rainy, 26. Cloudy. 27. Fine : a stratus in tlie marshes at night.

28—30. Fine.

RESULTS.

Winds; NE, 3; E, 2; SE, 2; S, 1 ; SW, 12; NW, 10.

Barometer : Mean height

For the month 30*022 inches.

Thermometer: Mean height

For the month 62'883o

Evaporation ., 3'01 in.

Rain 2-53

14^

?r

Laboratory, Stratford, Tenth Month, 22, 1825. R. HOWARD.
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Article I; ;,

0/z ^/ie Means of ascertaining the comparative Tanning Powers of
Astringents. By Mr. Edward Bell Stephens, Chemical
Assistant to the Royal Dublin Society.

(To the Editors of the J.w;^««7.s of PMo5o/>Ay.)
'

GENTLEMEN,
f

. h ^^^' ^'^^ ^^25.

Of all the manufactures which depend on chemistry for

explanation and improvement, that of Leather, though highly
favoured by the attention of scientific men, is still, perhaps,
wzos^ in nefed'of th^ir aid.* <^- i^/^- ^--> ^ ^ > ^ ^ ^^

Notwithstanding Seguin's happy discovery of t]ae_qhemical

affinity between tan and gelatine, which promised to introduce

something like analytic certainty into his art, the practical
tanner is yet unable to estimate the goodness of any bark

(previous to its actual use,) otherwise than by its exteriial

characters. He depends wholly on the colour, taste, and the

healthy bVittleness which in many cases requires an experienced
eye to, distinguish it from the brittleness produced by decay. By
the mere appearance he may indeed discriminate between
sound and. unsound bark of the same species; but when both are

fresh and healthy, or of different kinds (for instance, valonia and
cork tree bark), his eye and tongue no longer assist him in

determining the proportional worth of either.

Any method therefore which would enable the tanner to

ascertain with speed and certainty the comparative value of

astringents (of which the market always affords a striking

variety) by the examination of samples, preuzotts to purchalse,
would be a great step towards rendering his business safe,

consistent, and regularly profitable ;^ and would, no doubt, be

* A friend assures me that valonia (which is now much in demand amongst tanners

at 28?. a ton) was offered to them from Italy, SO years ago, in any quantity, at 4Z. a

ton, in vain: they had no means of ascertaining its value experimentally.

New Series, \0L. X, 2 d
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the means of introducing general improvements into every
branch of the manufacture.

To arrive at this is the object of the present essay. However,
as several chemists of unquestionec talent and extensive know-

ledge have preceded me in this inquiry, and as a prpcess to

effect this particular object has already been proposed by high
authority, it may be

proper
to state the circumst?inces which

rendered a rejection of tne mode so recommended^' ^a
matter of

expediency, indeed of necessity.
j",

,

In the year 1803, Sir H. Davy published an essay in the

Phil. Trans. *' On Vegetable Astringents;" and another in the

.Tournals of the Royal Institution,
" On the Process of Tan-

ning," which were both of high importance to the practical

tanner, as affording him a clear and masterly explanation of

the varieties of chemical action that take place in this interesting
manufacture. These valuable essays peculiarly exemplify the

happy tact by which the talented author can so well illustrate, by
j)t'actical application, the importance of his scientific researches.

In this excellent spirit of useful illustration, Sir H. Davy pro-

poses the following process (vide Jour. Roy. Inst. 1803) for the

attainment of this wished-for mercantile comparison.
" The solution of gelatine, most proper for the general purpose

of experiments, is made by dissolving an ounce of glue or

of isinglass in three pints of boiling water.
" The substance to be examined as to its tanning power may

be used in the quantity of two ounces. It should be in a state

of coarse powder, or of small fragments. A quart of boiling
water will be sufficient to dissolve its astringent principles.

" The solution of glue, or gelatine, must be poured into the

astringent infusion, till the effect of precipitation is at an end.
** The turbid liquors must then be passed through a piece of

blotting paper, which has been before weighed.
<* When the precipitate has been collected, and the paper

dried, the increase of its weight is determined, and about

two-fifths of this increase of weight may be taken as the quan-

tity of tannin in the ounce of the substance examined."

If no well-grounded objections had been discovered to this

apparently simple process, it would have ensured greater advan-

tages to the leather manufacture than any previously obtained

through the medium of scientific investigation; but Sir H. Davy
has, with his usual candour, stated several niceties connected with

its management (Phil. Trans. 1803), which, to ensure accuracy,

require particular attention ;
and therefore tending (in the hands

of any but a practised experimentalist) to render the process

veryfallacious.
troni my own experience, I can state that the idea of this

nicety of manipulation, requisite by the author's own showing, has

been quite sufficient to deter every person in the tanning busi-
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iless in Dublin from entering into such an analysis ;
but as the

object proposed is truly important, and as the scientific world

yet appears to be of opinion that the process should, with proper
attention, lead to correct results, it may be well to recapitulate
the sources of error, which, in my opinion, render it totally
inadmissible.

1. The degree ofconcentration of the solutions (of tan and gela-

tine) has a decided influence on the quantity of the precipitate
formed ; the strongest solutions giving most : so that a bad

Sample of bark which only 'partially saturated the quart of

water employed, would, on this account, appear (by its deficient

precipitate,) worse than it really was. This is a serious cause of

inaccuracy, for it is without a remedy. Evaporation, to equalize
the strength of the infusions, is here inadmissible, as boiling, or

even moderate continued heat with exposure, is found to preci-

pitate both tan and extract in an insoluble form.

Additions of the astringent substance under examination, to

bring up the specific gravity of the weaker infusion, afford no surer

means of equalizing the tanning matter in both. For the muci-

lage present in vegetable astringents, so far influences the specific

gravities of their solutions, that their equality in this respect
determines nothing to the purpose.

2. When bad samples (giving weak infusions) are tested>
the precipitate is not

entirely
retained on the filter; but (not-

withstanding repeated filtration) is partially carried through
\\''ith the residual hquor, in which it remains a long time sus-

pended, rendering it turbid and opaque.
3. The solution of gelatine must be fresh made preparatory

to every new set of experiments ; for, if it lie till tainted, its

power of precipitating tan will be materially impaired.
4. The solution of gelatine must be in as high a state of

saturation as is compatible with its perfect fluidity ;
and to

ensure this latter requisite, heat must be applied to keep it at a

standard temperature during the experiment.
5. Great care must be taken to prevent excess of gelatine

in the mixed liquors, for when this excess exists, a portion of the

solid compound formed is redissolved.

So far, it may be said, these are only difficulties in practice to

the attainment of correct results
;
but Sir H. Davy mentions one

striking fact, which is, in reality, an objection m principle to the

institution of any comparison {by this mode) between astringents
not of the same species. He says (Phil. Trans. 1803),

" the

tanning principle, in diferent vegetables, demands for its satu-

ration different proportions of gelatine ;" so that precipitates
from valonia and sumach (by gelatine) of equal weight, might
contain unequal quantities of tan.

Since the publication of the two essays above-mentiOned, this

2i>2
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hitherto intricate subject has been greatly elucidated by the

original researches of Dr. Bostock, who, in the year 1809, was

engaged in a series ofexperiments (the converse of Sir H. Davy's)
in search of a vegetable astringent which might serve as a
certain test to determine the quantity of gelatine in animal
fluids

; during which examination he found so many new sources

of error y
both in practice and principle, from the use of tan as

a test for the quantity of gelatine, that he was compelled to

abandon it. As 1 conceive that these objections equally apply
to the use of gelatine as a test for the quantity of tan, 1 will

here enumerate them, and thus tring into one view the mass of
evidence which compels us, however unwillingly, to forego the

mode of examination proposed by Sir H. Davy.
Dr. Bostock discovered that isinglass and glue (in the state

in which we generally obtain them) both contain impurities :

in isinglass, the insoluble matter sometimes amounts to -.^Vth of

the whole
;
a circumstance rendering it necessary to separate

this pure portion by solution, and resolidify it by evaporation.
The glue is a still more uncertain article from the quantity of

water it contains, (some pieces dried at 150" Fahr. for 24 hours,

indicating so much as lOi per cent.) as well as from the coagu-
lated albumen, and muriate of soda which exist in it. Again,
Jsinglassand glue differ remarkably in \he:\v powers of concretion:

a solution of the former containhig -^'3-th of solid matter would
be when cold perfectly co^zcre^e ; whilst a solution of the latter

containing an equal weight would (though strongly adhesive)
remain c^miQjiuid when cold.

In his endeavours to procure pure tan. Dr. Bostock found that

the extract of rhatany contained it in a state more free from

impurities than any vegetable astringent we are acquainted with
;

and, therefore, with an infusion of this substance, and the puri-
fied

isinglass formerly mentioned, he pursued his experiments.
In addition to the difficulties previously detailed, he found that

all the precipitates of tanno-gelatine caught, as directed, on a

filter, adhered so strongly to the paper that they could not after-

wards be completely separated. Weighing the paper also (before
and after) does not remedy this inconvenience, for the strong
solutions so thoroughly pervade it, as to defeat all attempts at

accuracy.
But the most striking result obtained by Dr. Bostock is,

that the precipitates formed by the gradual mixture of solutions

of tan and gelatine, differ in their composition at almost every

drop. The first portion of gelatine throws down a solid curd

containing 50 per cent, of tan : the ensuing additions form

opaque compounds containing less and less of tan, till, at last,

the gelatine has so little left to unite with, that it is unable to

become a real solid, and thus the imperfect curd last formed
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(being nearly all gelatine) remains suspended through th©
fluid.

This one fact is sufficient to invalidate the whole process, and
all the calculations founded on it, respecting the quantity of tan-

present in any solution
;
for they rested entirely on the presump-

tion that tan and gelatine always combined in one proportion

only ; whereas it appears from Dr. B.'s researches, that they are

capable of uniting in several: gelatine combining chemically
with an equal weight oftan, if within its reach, and also influenced

so strongly by a smaller portion, though the union here may be
somewhat mechanical^ as to leave its solution in water to unite

with it. (Vide Nicholson's Journal, vol. 24,
" On the Union of

Tan and Jelly," and " On Vegetable Astringents.")
I am particularly anxious to draw to these masterly researches

of Dr. Bostock, the attention they so well deserve, and have yet
to receive. Hitherto it appears they have been almost unknown,
or overlooked, as not containing facts so closely connected with,

the present subject.
In Sir H. Davy's

"
Agricultural Chemistry," published 1813,

the process recommended in 1803 is repeated with little variation,
and a table is given of the quantities of tan in various barks,
estimated by the jelly test. This table is copied into the last

edition ofBrande's *' Manual of Chemistry," without any expres-
sion ofa doubt ofits correctness in principle, and also into the last

edition of Henry's
" Elements of Chemistry," in which we find

stated (vol. ii. p. 358): "In general, however. Dr. Bostock has been
led to conclude that the compound formed by the union of jelly
and tan consists on an average of somewhat less than two parts
of tan to three of gelatine ;" whereas Dr. B.'s last paper (above-

mentioned) leaves us no hope of any data to ground our calcula-;

tions on.

In the Herculean task which an editor of a systematic work
on chemistry necessarily undertakes, it is a moral impossibility
that he can find time to consider the bearing which all the expe-
rimental facts, scattered through our numerous scientific jour-
nals, have on received opinions and theories. Such omissions

are continually occurring in similar elementary works on other

sciences, in the hands of most diligent and faithful compilers.
For my own part I am so satisfied of the proper feeling enter-

tained on such points by the gentlemen at the head of the science

to which I have the honour to be attached, that having once
called their attention to the matter, I will leave its adjustment
entirely to them.

In endeavouring to strike out an unexceptionable process for

the use of tanners, and complete this test in the spirit oi utility
in which Sir H. Davy had first conceived it, I found it necessary
to take a different path from that pursued by Proust and Troms-

dorff*, who endeavoured by the action of reagents to deprive tan
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of the varitwsr rtatt^ra naturally combined with it, and which
essentially modify its action in every case hitherto brought under
our notice. Now the test required ought to resemble in its

action that which takes place in a tanner's pit ; for if the
mode of trial adopted differ materially in principle from the

manufacturing process which it is framed to aid, any estimate
of the value of astringents founded on it will be seriously in

error. For instance, a tanner's profit chiefly depends on the
increase of weight which a hide acquires during the process that
converts it into leather. This in strong (sole) leather is generally
one-third of the dry weight, or, what tanners are more accus-
tomed to calculate on in Ireland, the finished leather is half the

weight of the hide when fresh from the slaughter-house. The
extractive matter forms an important part of this weight, and,
therefore, any test which the manufacturer might apply to ascer-»

tain the tanning power ofan astringent material, and which acted

only on pure tan, would completely mislead him. I am inclined
to think any gallic acid present is also absorbed by the skin. In

spent ouze the power of striking black precipitates with solutions

of iron is lost, and transferred to the leather, particularly that
made with oak bark. In short the tanner wants something which,
when presented to an astringent infusion, will seize on, and
enable him to estimate every thing which would (in his process
on the large scale) contribute to the weight of his leather.

I know nothing which can do this so well as the skin itself,

and I find that by a little management it may be made to yield
us the information we require, quicker than has hitherto been

thought possible.
It cannot be doubted that a strong bull hide will continue to

absorb tanning matter for two years, if the process be so

arranged ;
but if we alter the usual proportion of the materials,

the result, as to time, will difi'er exceedingly. If a fresh skin be
shaven down to a very thin substance on a currier's beam, or

split into fine leaves by a machine, so as to expose a great

expanse of surface, and a quantity of these be steeped in a pro-

portionally small measure of tanner's ouze, they will in a very

very few hours imbibe all its useful tanning substance, and
enable him to ascertain, by the difference of weight before and
after steeping, the exact quantity of matter in solution, that can
be made available in the manufacture of leather.*

This is a test which comes home to the business of every
tanner

;
one which he can place confidence in, because he can

clearly understand it; and thoughisome niceties are requisite in

this process also, the line of thought necessary to attain them

* The strongest ouze in a Dublin tan yard, prepare4 in the usual cold method, was

exhausted of taste and colour by this mode in seven hours ; a decoction of valonia (the

strongest I was able to make) of sp. gr. 1065, was, with the aid of frequent manipulation,
to change the ouze in the pores (rfthe skin, deprived of all astringency in about nine hours*
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is already so familiar to him, that I have great hopes it is caicu-'

lated to become generally useful.

There can be no question of the correctness of the principle
of this plan, it being that in daily operation in every tannery,

yet the field is open for improvement, and the exercise of inge-

nuity in the conduct of it
;
but having placed the subject within

the grasp of the manufacturer, I candidly confess his superior

right to prescribe the details, and, therefore, look up to him for

instruction in every thing connected with his handicraft opera-
tions.

As, however, I have made several experiments to ascertain

the proper mode of proceeding, and acquired some experience
in the matter, I willingly communicate it, and devote the

remainder of this paper to hints which I hope may be of service

to the tanner in going through the test on his own account.

As the object is to institute a comparison between two or

more astringents, and decide quickly on their respective merits,
whilst the articles are yet at market

;
a few pieces should be

selected from each lot, so as fairly to represent every parcel.
The whole of each sample should be separately ground to pow-
der in a small coffee or pepper mill, and passed successively

through the same sieve, to place each in similar circumstances.

From these average samples, the operator may take equal

weights, and obtain complete infusions ofeach by agitating them
with successive portions of warm water till all the soluble matter

is extracted.

Though boiling water will hasten the operation, it certainly tends

to decompose the astringent liquor afterwards, and induces it to

deposit a portion of insoluble matter which may interfere with

correct results. Water at blood heat (98° Fahr.) may be safely

applied ;
bottles to infuse and shake the powders in, and a

piece of muslin to strain through, serve ihese purposes com-

pletely. Care must of course be taken to preserve and return

any powdered bark which may remain in the strainer, with the

next quantity of warm water. Successive additions in this

manner are exceedingly more powerful solvents than the whole

quantity applied at once. Their efficacy increases in a geome*
trical progression.
When the several infusions yielded by one sample are united,

the average liquor will in general be found sufficiently weak to

be acted on by skin with the greatest effect; that is, to afford

all the colouring matter it contains along with the tan
;
—an

advantage the tanner is prevented from obtaining in strong-
decoctions of bark. If his experience should lead him to think

a particular infusion too strong (which may occur in the exami-
nation ofastringent extracts similar to kino, rhatany, and catechu),
he may add water to reduce it to what he would call a " safe

tanning strength." Aliquot parts of these infusions (one-sixth
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of each, for instance) are now to be separately submitted to the

action of test skins (to be described afterwards) which should
be carefully handled in the liquors now and then for seven or

eight hours to expose new surfaces to the action of the ouze,
till the tanner ascertains by eye and tongue that the liquors are

absolutely spent.
There are a number of critical appearances in various opera-

tions, altogether undescribable, and of which inanimate tests

give us no warning, and keep no record : in such cases it fortu-

nately happens that the organs of sense give perfect satisfaction

to an experienced operator. In the process under consideration,
habit renders their decision all-sufficient.

The skins intended for the trial should previously be well

washed in tepid water to extract any lime which they may have
absorbed in the process of depilation, together with all the loose

gelatine which can be squeezed out of the pores along with it
;

so that nothing shall remain but the firm fibre, which will bear

handling in the usual manner in weak ouze. They are, after this

washing, to be dried in the shade, but not near a fire
;
then cut

up into small pieces to fit the miniature tan-pits, and weighed in

lots corresponding with the infusions
;
each lot containing bulk

sufficient to fill up the quantity of ouze, and (Hke a sponge) pre-
sent an absorbent surface on every side.

This dry skin (as every tanner knows) is in a very unfit state

to absorb astringent matter and become leather. It is, there-

fore, previous to immersion in the ouze, to be worked with the.

hands for about five minutes in water just blood-warm (98°Fahr.),
and induced by this treatment to soften and swell to its former

dimensions, in which state it will be capable of fully exerting its

absorbent powers ;
and if care be taken to give the ouze an over

dose of it, the action will be completed in a few hours.

As each ouze is exhausted, its lot of skins should be taken up,
dried in the shade as before, and the increase of weight in each

lot separately ascertained. This additional weight can consist

only of the useful tanning matter, so that the increase of each

lot will directly show the true comparative value of the astrin-

gent in whose infusion it was steeped.
The skin most proper for this purpose is the strongest and

freshest that can be procured, shaved down or split to the thin-

nest substance it can be safely reduced to. The large fresh

currier's shavings from the strong hides intended for chaises or

harness, can be obtained in quantity, and are well adapted to

the process. The skins of ill-fed sheep and cattle that come to

market hidebound from the mountain districts, as well as those

of aged cattle in general, are also strong and fibrous enough for

the purpose ;
but what I would prefer to all others (from the

description I have received), are ox hides spht very thin and

evenly by the patent machine.
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In Birmingham (I am informed) this branch of the leather

manufacture is well understood. In DubHn we have but one

splitting machine, and that is only constructed for
splitting

sneep skins. These, from the improvement which has taken

place in our breed of sheep, are generally so full of fat, that

they are quite unfit to act as a test in this case, the oil shielding
the skin from the action of the tan, and where it exists in

greatest quantity along the back and across the neck, retarding
the evaporation of moisture during the two drying processes,
and consequently leading to false results.

Calfskins^ shaven down to the thinness of split sheep skins;''

are free enough from oil, but the fibre is in general so delicate,
that it is liable to be injured, and partially dissolved, or rather

dispersed through the warm water during the softening and swell-

ing, preparatory to steeping in the astringent infusion. I found
that several lots of this skin, previously dried and weighed for

experiment, though beautifully transparent, and apparently
perfect in every way, lost seven per cent, of loose gelatine when
handled in tepid water. Thus this species of skin also appears
improper for the purpose.
To avoid the last mentioned source of error, it will be prudent

to reserve a piece out of every batch which undergoes the

swelling process, to ascertain (by drying and weighing without

tanning) whether the remaining pieces destined for experiment
had lost any thing in that operation. As such a loss is only
likely to occur in strong hides from carelessness in the usual

operations of lining, washing, &c. the tanner has it completely
in his power, by proper attention, to prepare his own test skins
in the most perfect manner. Perhaps the calf skins that I

operated on had been somewhat injured in these previous pro-
cesses

;
whereas if they had been carefully treated, they might

have remained strong enough. This is a point which peculiarly
rests with the tanner to ascertain correctly, as a matter of

economy and convenience. If calf skins be really strong enough
to retain all their substance from one weighing to the other,
tanners who manufacture upper leather will be much more at

home in trials made with them. In Ireland, I believe, there is

quite as much of it made as of sole leather.

In the shaving of strong hides, it is indifferent to the currier

in what shape he takes off the pieces. A tanner who attends
him during that operation may obtain shavings of the exact size

he wants, and, therefore, need never sacrifice an entire hide to

the experiment.
I need scarcely mention that the test skins employed in this

trial should not be expected to become perfect leather, so as to

enable the tanner to judge of the quality of the astringent also.

That is an operation requiring length of time, and excess of

tanning materials, both of which are here inadmissible.
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In the course ofexperiments which led me to the adoption of
the plan recommended in this essay, I have accumulated a
number of comparative analyses of the several astringents used
in the arts, made with a view to ascertain how the test would
work in all cases, as an index to their tanning properties.

These I intended to annex to the present paper, but satisfied

of the correct action of the test, I omit them for the present,
convinced that each individual lot of astringent substance

brought to market may dili'er so widely in composition and

quality from every other, that such a table as I might be able to

form from the examination of particular samples (not now at

market) would only tend to mislead-

My chiefhope is, that in the preceding sketch of a process, I

have been sufficiently explicit to enable a tanner to proceed for

himself towards the attainment of that important object,
—a

knowledge of the comparative value of all the astringent mate-
rials which appear at market, in time to regulate his purchase of

any. Edward Bell Stephens.

Article II,

Ohsenmtions on the Planet Venus
^ made during the Spring ofthe

Year 1 825. By the Rev. J. B. Emmett.

(To the Editors of the Annals of Philosophy/.)

GENTLEMEN, Great Omeburn, Sept. 9, 1825.

Since the time of Cassini, spots on Venus have rarely been
seen. Dr. Herschel says, the planet has always presented to

him a perfectly uniform surface, quite free from spots ;
and the

only observations made since those of Cassini and Bianchini

were by Short, who was fortunate enough once to see them.

During the spring of the present year, Venus was rarely

entirely free from them, and, therefore, I hope, that my obser-

vations may not be the whole that have been made. The
instruments I employed were an excellent Newtonian reflector

of 6 inches aperture, using powers from 70 to 400
;
an aerial,

not achromatic, of 18 feet focus, with powers of 70 to 150
;
an

aerial of 50 feet, power 160
;
and I hope I shall be able to show

that where the old aerial telescope has sufficient light and power,
it possesses some very considerable advantages over other

instruments.

Before I proceed with the immediate subject of this paper, it

will be proper to convey a correct idea of the goodness of the

instruments, to remove all doubts which otherwise rnight arise.

With the reflector, with powers from 70 to 800, and occasionally

1200, 1 have repeatedly seen the double stars Castor, « Herculis^
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a Urs^e Minoris, I Ursse Maj oris, the quadruple star e Lyrae,

Rigel ; together with the whole of those in Dr. Herschel's first

class, which can be seen with the powers I can command. In

the spring of the present yeai', I have shown the double ring and

quintuple belt of Saturn, and once a spot upon his southern

hemisphere, to several persons ; it shows the most minute parts
of the solar spots, as well as the mottled appearance of his sur-

face, as perfectly as any instrument I have ever seen ; and the

spring of the present year afforded many opportunities of trying
its powers in this respect ; for example, March 3, within one
umbra of small size were 11 nuclei, all distinctly defined.

The refractors consist of one convex object lens and a convex

eye glass. I have often compared them with the reflector, and

Myiih other instruments, and in point of steadiness there is no

comparison ;
on account of their great length, causes which

produce great tremor in shorter instruments do not aii'ectthem;

also, what is very curious is, that when the air is in such a state

as to produce great undulations, when the reflector is used, it

affects the others very little
;
so that with them I can observe

objects when nearer the horizon than with other instruments.

With the aerial of 18 feet, I see Saturn's ring beautifully distinct

with a power of 36
;
with 70 some belts, and certainly a trace

of the division of the ring ;
all seen with 50 foot, and power 160,

I have not had opportunity to make many observations on
double stars with these instruments

;
the stars are well defined

through them : I have seen the double star Castor, and the

trapezium in the nebula of Orion's sword, and many much
closer ones. I have often compared these instruments with the

reflector, in viewing the moon and the solar spots ; every part
of the moon, even the most intricate, is seen in high perfection ;

the limb beautifully defined
;
so also are the solar spots : indeed,

except I am taking any micrometric measures, I almost always
use the short aerial for viewing both the sun and moon. With
it, the mottled appearance of the sun is very conspicuous, and
the solar spots are blacker than with any reflector I have ever

seen. The bright ridges of the sun are seen in the highest per-
fection by receiving the focal image of a lens of very long focus

upon a white screen
;
the sun's image in the focus of the object

lens of my long aerial is about 4i inches in diameter : in this

the ridges are seen in great perfection, together with the spots,
which are absolutely free from colour. It is to be regretted that

the simple astronomical refracting telescope has gone into

disuse : if the proper dimensions be observed, it is as free from
colour as any achromatic

;
it is remarkably free from tremors ;

the number of surfaces are small
;
and on account of the long

focal lengths used, small imperfections in the lenses, or defects

in the centerings produce but little effect. On these accounts

it possesses many advantages. In light it exceeds not only %
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reflector of the same aperture and power, but every achromatic
;

indeed the quantity of light is astonishing. I have often com-

pared two telescopes ;
one a triple achromatic by Dollond, fitted

for terrestrial observations of 1-^ inch aperture, which is a very
fine instrument

;
the other consists of two convex lenses

; the

object glass has an aperture 0*5 inch, and the same power as

the former
;
the light is as

nearly equal as possible, and in point
of distinctness there is little difference. These remarks will

show that no imperfections in the instruments employed in

viewing Venus can have introduced any errors.

The first time I observed any appearance of spots on Venus
was Feb. 21, 7''

;
I used the reflector, having six inches aperture,

and powers from 120 to 400. There were two narrow duskish

iiTegular lines, which were best seen with 200. On the 22d,
7*" 30™, the spots occupied a different part of the disc to what

ihey did the day before, having moved according to the order

of the signs. They were very faint, and ill defined. I saw no
more spots until March 11, beginning a little before sunset, and
continued to 9''

;
the same instru-

ment and powers as before. The
air was in a very unfavourable

Mate. The spots were
very

con-

spicuous, as in fig. ]
,

still they
were not well defined

; during
the short time in which observa-

tions could be made, this even-

ing, no conclusion could be drawn respecting the rotation of the

planet. Dr. Wasse observed Venus with the same instrument,
and made a drawing of the spots, which coincided with mine.

The weather was so uniformly cloudy that no observations could

fee made before April 4 : on that evening, from 8'' to IV\ I had
an imperfect view of spots ;

but the air was so extremely tremu-

lous that I could not see them well defined, or perceive any change
in their position. April 7, from 7'' to 9'', I had a better view.

At 7*', the light was so strong that stars of the first magnitude
were not visible. At 7'' the spots
were as in

fig. 2
; at 8'' 30™, they

appeared to have sensibly ad-

Tanced, as in fig. 3
; the spots

a b were not in view before

S** 30™. The horns projected

considerably beyond the semi-

circle, which probably is owing
to the planet's atmosphere.
Reflector six inches aperture ;

powers 120 and 200.

April 8, 8*'. The air in a good
state. Venus appeared as in
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fig. 4. Dr. Wasse observed them

with the same instrument, and

made a drawing, which coincided

with mine in all respects, except
he did not see tlie two bright
lines at a. In T' 30-, Dr. W.
and I both concluded that the

spots had approached the W
limb, and moved very little to-

wards the N horn. The planet
bad the same appearance with

both the aerial telescopes ;
in-

deed with that of 50 feet, I cer-

tainly saw them more evidently than with the reflector.

April 13, 4'^ 30"™, nearly 2i-^ before sunset, [ had a fine view
of Venus, which is represented in fig. 5 with the reflector, powers
70 to 400; with 70 I could not see any spots; with 120 they
were very distinct. Those towards the S were so considerable

that whilst some fleecy clouds were passing, the whole to the S
of the line a h disappeared, and that to the N remained visible

for some minutes. The evening unfortunately proved cloudy ;

had it been fine, I might have obtained useful information

respecting the time of rotation, as 7i hours would have been
allowed for observation ;

and I the more regret it, because this

was the only time I saw Venus so early. Lieut. Hornby, RN.
observed the planet with me, and confirmed my drawing of the

appearances.
•

April 20, from 7'^ to 9*^. Venus
as in fig. 6

;
I used the reflector

and both aerials, and saw the

spots with all. The evening

being very fine, I saw the spots
better defined than usual

; yet

they were never so distinct as to

allow the use of a micrometer with advantage. Between 7'' and

9^^, the bright ridge separating the two spots had evidently
moved ;

the most S part had moved towards the W, and also a

little to the N. I can speak more confidently of the motion than

at any former time; and although they were not so well defined

as to allow measures to be taken which would determine either

the exact time of rotation, or the position of the axis, yet the

motion seemed so sensible as to agree with the time determined

by Cassini, and not to confirm that fixed by Bianchini. Beyond
this I could not arrive at any conclusion ; because Venus,

except observed when the sun is above the horizon, is always in

the worst part of the atmosphere, and of course appears tremu-

lous
;
her light also is so very powerful that no telescope shows

her free from radiating light, which is a great impediment.
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After the most careful observations continued during the

whole time that Venus was visible^ I have not been able to

arrive at any certain conclusion respecting her period beyond
this, that a change in the place of the spots could be perceived
ilk the space of two or three hours, when the air was in a serene

state : this agrees with the period assigned by Cassini. The
direction of their motion, deduced from these observations,

agrees also with the position of the planet's axis, as determined

by those astronomers. I noted down all the observations at the

time they were made
;
and when the series was completed, cal-

culated the position of the axis, as seen from the earth on the

20th April. The sun's place was 0° 5' 18''; Venus's helioc.

Longitude £i: IP 13'; her N pole is directed towards ^ 20°,
and elevated about 15° above the plane of the ecliptic ; hence
the N pole was 16° 49' from theW limb, or ^-if- of the planet's
radius

;
the illuminated part of the disc was 55° 49', or -^^^ of

her radius
;
so that the distance of the N pole from the W limb

was about one-tenth of the illu-

minated part. In the figure, the

position of the pole is shown, as /^
the planet appeared in the tele-

scope, inverted and reversed
;
the

circular arcs show the apparent ,. ^^
paths of the spots.

^
It is evident that the position

of the planet was very unfavourable to these observations.

It is to be hoped that astronomers will in future make parti-
cular observations upon this planet. It is certainly very remark-
able that for a century no spots have-ever been seen, except once

by Short
;
this may be partly ascribed to the instruments in use,

for I see them best with the refractors. Several persons have
seen them through my telescopes, and their drawings and descrip-
tions always coincided with mine

;
therefore there could be no

fallacy. I am fully persuaded that if the old aerial telescope
were more generally appUed, not only the spots of Venus, but
other objects, might be better seen than with other instruments.

I saw them better defined than with the reflector, the powers
being equal ;

the same spots could not be seen with a good
achromatic of 2^ inches aperture, and very imperfectly by one
of 3 inches, by Dollond, with higher powers than I used in the

others. I examined the planet in hopes of seeing some appear-
ance of mountains, which some observers speak of: I employed
powers from 70 to 800 : with the latter I see the double ring and
all the belts of Saturn, and close double stars in great perfection ;

but in no instance could I perceive any trace of them, although
I paid particular attention to the concave edge, sometimes with-

out a screen glass ;
at others employing smoked glasses ofevery

variety of shade. J. 6. Emmett.



1825.] on the Planet Venus,
^

4\h

'

P. S. Since the above was written, I have completed a series

of observations made upon some very fine solar spots, which
confirm the statements made in my former paper on the same

subject. July 22, 0^ 30"", a spot which had been in view for

many days .disappeared. July 21, 23^^25™ (app. time), a spot
had entered ;which was not in view at 20^'

;
I suppose it entered

about the, 2lst, 20'^ for 23^' 25™ it had just entered. This was
the lai-gest and finest spot I ever saw. On the 27th, I saw it

withovit the aid of a telescope, and it continued visible to the

naked eye until the 30th, when, near the centre of the disc, the

umbra passed a vertical wire in 5°-5. It was in the centre of its

apparent path July 28, V\

It had described half its apparent path July 28, P*

It entered the disc July 21, 20

Time of describing half its visible path. . . 6 5

therefore it must be visible 12^ 10*^.

Aug. 3, V\ The spot was very near the edge, so near that it

could not remain visible more than eight or ten hours. The day
was so unfavourable that I had only this one view of the sun,
and this through rather dense clouds. Aug. 3, 21^ there was
not the least trace of it.

It disappeared Aug. 3, 9'^

Came into view,, . . . ., July 21, 20

Therefore in!:<', I'V^^ ,^.'^.'^1 12 13 the spot
entirely crossed the disc.

Of the spot which disappeared on the 22d, there was no trace

before Aug. 5, 12^'
;

I could not see any trace the day before ;

and on the 6th, 0^', I saw it
;

it had been on the disc about 12
hours.

The spot returned -Aug. 5, 12**

It disappeared July 22>

It was invisible during 14 12

The sum ofthese two observations is less than the mean period
of the sun

;
it amounts to 27^^ 1'^ only, which arises from the

difficulty of determining it in this manner
;
also one of the spots

has moved.

Aug. 1 7, 22'\ The spot which returned on the 5th is quite off

the disc
;
there is no trace of the feculae near it : therefore it was

not in view more than 12*^ 10''.

Aug. 19, 30''', the spot which disappeared Aug. 3, 9^', has.

returned; it may have been visible 12 hours; certainly not

more.
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It came into view Aug. 18, 12'*

Disappeared Aug. 3, 9

It was invisible during 15 3

This spot first came into view . . July 21, 20'^

Returned after one revolution . . Aug. 18, 12

Therefore 27 IG is the time
of a revolution.

The spot which disappeared . . July 22, 0'*

Disappeared after a revolution, Aug. 17, 22

26 22

Hence this spot has had a considerable motion on the sun's

disc, which accords with the observations. Sheiner first took
notice of this proper motion which the maculae often have;

many other astronomers have confirmed his statements : indeed
there is nothing more common than to see the spots ofa cluster

change their relative places very considerably, even in the space
of a few hours, Mr. Wollaston once saw a spot suddenly divided,
and the parts fly off/rom each other very rapidly.

*f6r '^o l^ioffqlri? Ilii ^i,\\

Article III.

On the Compounds of Antimony with Chlorine and Sulphur,

ByM.H.Rose.*

I. Compounds of Antimony and Chlorine.

It is known that a solid compound of antimony and chlorine,
fusible at a very moderate heat, is obtained by distilling pulve-
rised antimony with an excess of corrosive sublimate. It deli-

quesces by exposure to the air, and is converted into a liquid

resembling an emulsion.f When treated with water it changes,
without the evolution of heat, into hydrochloric acid, and a

compound of the oxide and chloride of antimony. This white

powder, which is precipitated by mixing the chloride with water,
is wholly volatilized when heated in a little matrass by the blow-

pipe ; consequently it contains neither antimonious nor anti-

monic acid. But since this chloride of antimony is converted

by water into hydrochloric acid and oxide of antimony, its com-

• From the Annales dc Chimie.

+ The common butter of antimony of the shops, which forms a clear liquid, is not a

solution of the solid chloride of antimony in a small quantity of water, but in muriatic

acid ; for the Pharmacopoeias order it to be prepared with a larger quantity of add than

is necessary to form the ^>olid chloride.
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position much corresponds with the composition' of those

substances ;
and as oxide of antimony contains 3 atoms of oxy*

gen, the antimony must be combined with 3 atoms of chlorine in

the solid chloride, or it must contain per cent.

^

Antimony- -. . . 54*85

Chlorine 45*15

100-00

The analysis of chloride of antimony, however, by Dr. John

Davy, gave a different result. According to him, it consists of

Antimony 60-42

Chlorine 39-58

100-00

I, therefore, submitted it to a fresh analysis in the following
manner :

—I poured water on a quantity of the chloride, and
then added tartaric acid till the liquid was perfectly clear, and
ceased to become milky by the subsequent addition of a large

quantity of w^ater. I next passed a current of sulphuretted

hydrogen through the liquid, till sulphuret of antimony ceased

to fall down. This sulphuret, which had an orange colour, was
washed on the filter, dried, and weighed, and then fused in a

glass tube ;
it gave a black sulphuret of antimony, and merely

traces of sulphur, consequently it was sulphuret of antimony
containing 3 atoms of sulphur, or precisely that which ought to

be formed under the circumstances. But as it contained traces

of an excess of sulphur, in consequence of the sulphuretted

hydrogen having been passed for a very long time through the

liquid, 1 heated a part of the sulphuret in a bulb blown in the

middle of a glass tube, and passed over it a current of hydrogen
dried by chloride of calcium. The sulphuret of antimony was

decomposed, and I obtained antimony, sulphuretted hydrogen,
and traces of sulphur.
The hquor, separated from the sulphuret of antimony, was

gently heated to drive off the sulphuretted hydrogen, but not the

hydrochloric acid, which cannot be separated from water by
heat when mixed with it in small proportion. The hydrochloric
acid was then precipitated by nitrate of silver. The chloride of

silver obtained had, however, a blackish colour, from a little

sulphuret of silver v/hich was mixed with it. The results of this

analysis gave 1*937 gramme (29'9 grs.) of antimony, and 6*886

grammes (106*3 grs.) of chloride of silver, equivalent to 1*699

gramme (24*7 grs.) of chlorine. The chloride of antimony,
therefore, is composed per cent, of

Netjj Series, vol. x. 2 e
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Antimony ••«•«.«••« 53*27
Chlorine 46-73

100-00

This result would accord much better with the calculated

proportions, had I obtained the chloride of silver wholly free

from sulphuret.
Another chloride of antimony is obtained by passing a current

of dry chlorine over heated metallic antimony. The antimony
burns vividly in the gas, emitting sparks, at the same time that

a volatile liquid is formed. This liquid is white, or of a very

light yellowish tint, and contains also chloride of iron if the

antimony employed be not wholly free from that metal. That

chloride, however, remains at the bottom of the vessel, and is

not dissolved in the liquid, which resembles the fuming spirit of

Libavius in all its external characters, having a strong disagree-
able odour, and fuming in the atmosphere. Exposed to the air

it attracts water, and is converted into a white mass, in which
white crystals form, which afterwards dissolve without rendering
the solution milky. This phenomenon is owing to a property of

the liquid chloride of antimony, which it
possesses

in common
with the fuming spirit of Libavius, of formmg a crystaUine mass
when mixed with a small quantity of water.

The liquid chloride of antimony heats strongly when mixed
with a larger portion of water. It becomes milky, and a preci-

pitate forms which behaves exactly like hydrated antiraonic acid.

Gently heated it gives off water, and becomes yellowish ;
but at

a high temperature it becomes white. The liquor contains

hydrochloric acid. Since the liquid chloride of antimony is

converted by water Into hydrochloric and antimonic acids, the

latter containing 5 atoms of oxygen to 1 of antimony, this chlo-

ride must contain 5 atoms of chlorine to 1 of antimony, and its

composition per cent, is,

Antimony 42*15

Chlorine 57'85

100-00

I analyzed the liquid chloride of antimony exactly in the same

way as the solid chloride. I obtained sulphuret of antimony by
sulphuretted hydrogen, which also had an orange colour, but

rather paler than the sulphuret from the solid chloride. It con-

tains 5 atoms of sulphur to 1 of antimony. Treated with dry

hydrogen it is converted into metalHc antimony and sulphur,
and sulphuretted hydrogen is disengaged. 1 obtained 1*98

gramme (30-6 grs.) of metallic antimony, and the liquid freed

&om the sulphuret and precipitated by nitrate of silver gave
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11'764 grammes (181'6 grs.) of chloride of silver, equivalent lo
2*902 grammes (44*8 grs.) of chlorine. The chloride of silver,

however, contained rather more sulphuret of silver than that

obtained in the analysis of the solid chloride. The result ofthis

analysis, therefore, gives per cent.

Antimony 40*56
Chlorine 59-44

100-00

which differs from the calculated result : the difference, how-
ever, is owing solely to the sulphuret of silver which remained
mixed with the chloride.

If we pass dry chlorine over sulphuret of antimony containing
3 atoms of sulphur, we do not obtain the liquid chloride ; but
solid chloride of antimony and chloride of sulphur are formed.
The latter may be separated from the chloride of antimony by
heating them very gently in a matrass with a very narrow mouth ;

chloride of antimony alone remains. This is the same compound
that is formed in the analysis of grey copper by chlorine

; only
chloride of antimony and chloride of sulphur are obtained, the
first containing 3 atoms of chlorine, the second 2. No double
chloride is formed, and the chloride of sulphur remains on the
solid chloride of antimony. Heated so as merely to fuse the
chloride of antimony, the latter dissolves entirely in the chloride

of sulphur, and forms with it a homogeneous liquor ;
but the

chloride of antimony separates in crystals on cooling. This is

one method of obtaining large crystals of this chloride
;
but it

must be quickly filtered through blotting paper to separate, as

completely as possible, the adhering chloride of sulphur.
It is remarkable that the liquid chloride of antimony is pro-

duced by the action of chlorine on metallic antimony only, and
that none is formed when the sulphuret of antimony is acted on

by chlorine.*

II. Compounds of Antimony and Sulphur,

I have made many experiments on the sulphurets ofantimony,
but have only found three, which correspond with the oxides of
that metal.

Sulphuret of antimony with 3 atoms of sulphur has different

* I frequently passed chlorine over sulphuret of antimony, and always with the same
result. I fancied, for reasons to be stated in the fequel, that chloride of antimony with
5 atoms of chlorine was formed ; I only obtained, however, die chloride with 3 atoms, if I
drove off the chloride of sulphur. I was then led to think that 2 atoms of chlorine were

separated from the chloride of antimony, and had combined with the chloride of sulphur
to form, perhaps, a chloride with 4 atoms of chlorine. I, therefore, passed chlorine

over chloride of sulphur, and freed it carefully by distillation from the sulphur dissolved,
in order to discover such a chloride of sulphur. The colour of the chloride of sulphur
became indeed a little darker, but it underwent no other change, although tlie chlorine

was passed over it for a considerable length of time.

2e2
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colours. The native is lead crey ; its composition has been
demonstrated by Berzelius. ft is analogous to the oxide of

antimony with 3 atoms of oxygen, for it dissolves in hydrochloric
acid without leaving any residuum, and with the disengagement
of sulphuretted hydrogen only.

The same sulpnuret is obtained by passing a current of sul-

phuretted hydrogen through a solution containing oxide of

antimony; but it has an orange colour, almost like that of the

golden sulphuret. It becomes brownish by drying, and then
assumes an aspect more similar to that of kormes. The same

sulphuret is obtained by passing sulphuretted hydrogen through
a solution of tartar emetic, or through a solution of butter of

antimony in water and tartaric acid.

M. Berzelius first proved that the composition of kermes
mineral is exactly similar; its colour, however, is brownish-red. ''^

The deuto-sulphuret of antimony with 4 atoms of sulphur has
an orange colour a good deal like that of the golden sulphuret.
It is formed when sulphuretted hydrogen is passed through a
solution of antimonious acid. Tartaric acid, however, must not
be added for the purpose of enabling us to dilute the liquid with

water, but only hydrochloric acid.f The best method of making
a solution of antimonious acid is to dissolve antimony in aqua
regia, and evaporate the solution to dryness. The antimonic
acid formed is then to be converted into antimonious acid by ared
heat

;
the latter fused with caustic potash, and the fused mass

heated with hydrochloric acid and water till a clear liquid is

obtained. I precipitated this solution by sulphuretted hydrogen,
and the sulphuret obtained, after being carefully dried, was

decomposed by hydrogen. I obtained in one experiment 1-305

gramme (20*1 grs.) of antimony from 1*973 gramme (30*5 grs.)of

sulphuret, and in another 0-977 gramme (15*1 grs.) of antimony
i'roin l-46'8 gramme (22*7 grs.) of sulphuret. Its composition,
therefore, according to the first trial, is per cent.

Antimony 66*14

Sulphur 33-86

100-00

and, according to the second,

Antimony 66-55

Sulphur 33-45

100-00

I analyzed a kermes prepared by digesting black sulphuret of antimony in a solu-

tion of carbonate of potash. I expelled tlie hygrometric moisture by a gentle heat, and

deconipossd it by hydrogen. ()•? 19 gramme (J I I grs.) of kermes gave 0*52 gramme
(8 grs.) of antimony: its composition, therefore, was antimony 72*32, sulphur 27-68.

-|-
The addition of tartaric acid to antimonious acid affords very remarkable results.

I shall give a separate memoir on that subject.
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According to calculation, its composition is,

Antimony 66*72

Sulphur 33-28

100-00

The sulphuret of antimony with 5 atoms of sulphur to 1 of

metal, which corresponds to antimonic acid, and by calculation

contains 61-59 antimony and 38*41 sulphur, is realized in the

golden sulphuret of the shops. The different modes of prepar-

ing it are well known. It is also obtained if we pass a current

ofsulphuretted hydrogen through solutions containing antimonic

acid, as, for instance, that of the liquid chloride of antimony in

water, to which tartaric acid has been added. The precipitate
obtained is of a paler orange colour than the precipitate from
solutions of oxide of antimony, and its colour does not change
in drying.

I analyzed the golden sulphuret in two ways ;
I dried it at a

heat not sufficient to decompose it, till it ceased to lose weight.
It had then parted with all its hygrometric moisture. I usually

analyzed it by passing a current of dry hydrogen over the heated

golden sulphuret. Sulphuretted hydrogen was formed, but no
water

; sulphur subHmed, and metallic antimony remained
behind. I also analyzed it by aqua regia, to which I added
tartaric acid. I separated the undissolved sulphur, and precipi-
tated the sulphuric acid by muriate of barytes ;

this method,
however, is more tedious than that with hydrogen. We do not

obtain accurate results by fusing the golden sulphuret in a small

matrass in order to convert it into sulphuret of antimony with

3 atoms of sulphur, and calculating the composition of the

former from the weight of the latter, not only because the sul-

phuret of antimony is not absolutely fixed, but also because some
Oxide of antimony is formed by the air in the matrass, which

produces a crocus antimonii with the sulphur sublimed in its

neck.
I do not mention the results of the analyses which I made of

this sulphuret of antimony at a iiiaooimum, because they scarcely
differ from the calculated result.

III. Compounds of Sulphuret of Antimony ivith Oxide of An^

timo)iy.

The compounds in which sulphuret of antimony is combined
with oxide of antimony in various proportions are called in the

shops by the name of crocus and nitrum antimonii, Kermes has

also been supposed to be a similar compound. M. Berzelius,

however, has shown that its composition does not differ from
that of the sulphuret of antimony with 3 atoms of sulphur, and
the analysis. of kermes related above confirms his opinion.
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There is, however, a combination of sulphuret of antimony with
oxide of antimony in definite proportion, and that is the native
kermes of mineralogists (rothspiesglanzerz). The result of my
analysis of that substance differs very much from that obtained

by Klaproth, in consequence of his having supposed that the
whole of the antimony was both oxidated and sulphuretted, and
of his not having determined the quantity of the antimony.
According to him, its composition is,

Antimony 67*8

Oxygen 10-8

Sulphur 19-7

98-3

1 analyzed the rothspiesglanzerz from Braunsdorf, near Frei-

"berg, in Saxony, which M. Weiss had the goodness to send me
for the purpose. The analysis was made by hydrogen in the
same manner as those of the different sulphurets of antimony.
I added, however, to the apparatus a weighed tube containing
chloride of calcium, to absorb the water formed. In one expe-
riment I obtained 0*676 gramme (10*4 grs.) of antimony and
0'054 gramme (0*84 grs.) of water from 0*908 gramme (14 grs.)
of the mineral, or 74*45 per cent, of antimony and 5*29 of oxy-
gen; and in another, from 0*978 gramme (15*1 grs.) ofthe mine-

ral, 0*74 gramme (II '4 grs.) of antimony, and 0*047 gramme
(0*73 gr.) of water, or 75*66 per cent, of antimony and 4*27

oxygen. 1 then dissolved 0*34 gramme (5*24 grs.) of the mineral
in aqua regia, added tartaric acid to the solution, and precii)itated

by muriate of barytes. I obtained 0*517 gramme^ (8 gi^s.) of

sulphate of barytes, equivalent to 20*47 per cent, of sulphur.
If we take the mean of the oxygen in the two first analyses,

viz. 4*78 per cent, and add to it as much antimony as is neces-

sary to form the oxide, the remaining quantity of metal is suffi-

cient, neglecting shght errors of obseiTation, to form with the

sulphur, the sulphuret of antimony with 3 atoms of sulphur.
We shall find besides that the quantity of oxide of antimony is

to the quantity of sulphuret as the weight.of an atom of the first

is to the weight of two atoms of the second, so that the native

kermes consists of 1 atom of oxide of antimony and 2 atoms of

sulphuret of antimony, or per cent, of

Sulphuret of antimony 69*86
Oxide of antimony 30*14

100*00

This composition accords with that which M. Berzelius had

already assigned to the native kermes. This compound is

remarkable as presenting the only instance of a native crystal-
lized oxisulphuret that has hitherto been discovered.
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Article IV.

An Attempt to divide the Echinida, or Sea Eggs, into ^Natural

Families, By J. E. Gray, Esq. FGS. &c.

(To the Editors of the Annals of Philosophy/.)

GENTLEMEN, British Museum,
'

Lamaeck in his History of Animals without Vertebrae, esta-

bhshed as a class of his Apathic animals a very natural group,
which he called Radiafa, Mr. Macleay has since proposed to

consider this group as equal in rank to the subkingdoms, Verte-

brata, Annulosa, Mollusca, &c.

Lamarck divided his Radiata into two great divisions, which
Cuvier placed in distinct parts of his Zoophytes. The former

separated the first of his divisions into two, and the second into

three sections. Mr. Macleay, in his HoraeEntomologicse (part ii.

116), has hinted at the connexion which exists between these

five principal constructions, which, if Radiata is to be consi-

dered as a subkingdom, should, for uniformity sake, be called

classes, although each group formed only a single genus in the
works of Linnaeus and his followers.

The following are the groups proposed by Lamarck and Macleay^
which may be divided in the following manner :

—
1, Normal Group, Echinodermata.

Echinida, Mac, Les echinides. Lam,
Stellerida, Mac, Les stellerides, Lam,

2, Annectant Group,
Medusida, Mac. Les medusaires. Lam,

Acalephida, Mac. Les anomales, Lam,
Fistuiida, Mac. Les Fistulides, Lam.

Leaving the determination ofthe rank which these groups ought
to sustain to be considered till more is known of their anatomy
and habits, I shall at once proceed to the division of Echinida,
the object of my present communication, into families.

Class 1.? Order 1.? Echinida, Macleay, Les echinides. Lam,
Echinus, Lin, Cuv.

Essential character.—Body not contractile, nor radiately
lobed, subglobular, covered with mobile spines ;

anus distinct

from the mouth.
These animals are furnished with a distinct crustaceous skele-

ton, composed of numerous regularly disposed plates, united by
a strait suture, and furnished externally with rounded tubercles,
on which mobile spines are attached. These spines are affixed

to the base of the tubercles by a circular ligament, and are
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furnished with numerous muscles for the purpose of moving
them in every direction.

The manner in which the spines and plates enlarge has never
been satisfactorily explained. The plates appear to be placed
between two skins, and a small process of membrane seems
to extend between each of them. The spines evidently grow by
a disposition ofmatter placed under their outer edge, more espe-

cially at the apical extremity ; the matter is, perhaps, deposited

by the processes of the skin of the articulation being extended

up the longitudinal grooves with which these spines are always
furnished. Their manner of growth may easily be seen by
cutting down longitudinally the spines of Echinus mammilatus,
Earn, when the outer surfaces of each complete spine will be

distinctly visible in the form of a darker line, occasioned by the

outer edge being the hardest and most compact.
The older naturalists paid very great attention to the group,

and several of them divided them systematically into "
classes,

sections, and genera." Morton (1712), in his History of Nor-

thamptonshire, divided the fossil species found in that county
into three groups. Bryerius, in 1732, divided the Echini into

seven genera from the position of their mouth and vent : these

genera have all been adopted by Lamarck, but under other

names. Klein, two years after, published his natural disposition
o{*Echinodermata, where he divided them into nine sections,

containing twenty-two genera, placing them according to two

systems ; first, after the position of their vent, forming them into

three classes, called Anocystos, Catocystos, and Pleurocystos ;

secondly, with respect to the situation of the mouth, as Ernme-
sostomi and Apomesostomi. Van Phelsum, in 1714, extended
Klein's method by taking notice for the first time of the form
and extent of the Ambulacra, He divided them into the same
number of genera as Klein, but several of them were very differ-

ent from those of the latter. Leske, in 1778, published an addi-

tion to Klein, and he reduced the number of Klein's genera to

ten, which agree very nearly with the sections of his author, and
he adopted the prior names of Bryerius for his genera. Davilla,
in 1767, divided the Echini into six groups, according to the

general form of the shell, but these groups are very indefinite.

Linneeus took no notice of the works of Klein or others, but

considered the whole of the group as one genus. MuUer divided

it into two, under the names of Echinus and Spatangus,
The Echinida may be divided into two sections.

1. Typical Group.—Body globular; mouth central, below;

jaws conical, projectile, withJive acute teeth ; anus vertical, dor-

sal ; ambulacra complete,forming bands extendingfrom the mouth
to the anus.

The crustaceous covering of the body of these animals is

formed of twenty perpendicular bands, each formed of several



1825.] Mr, Gray on the Sea Eggs. 425

horizontal pentagonal pieces. These bands are placed symme-
trically in pairs united together by a flexous suture, the project-

ing angle of one series being fitted into the concave angles of

the other. The pairs of bands are united together by a strait

suture. They are alternately broad and narrow. The broad ones are

formed of a few plates, and always imperforated, and the outer

edges of the narrow bands, which consist of very numerous nar-

row pieces, are perforated by two or more series of minute per-
forations placed in pairs ;

these perforations form bands, which
Linnseus compared to the walks in a garden, calling them ambu-
lacra or walks, and the tubercular parts areoij pulvilli, or beds.

As in describing the species, it is often necessary to distinguish
the character of each of the beds, those of the broad bands

might be called extra, and those of the narrow bands intra amhu-
lacral beds.

The vent is surrounded by numerous small scale-like pieces
attached to the skin

;
these are again surrounded by two series

of
plates, each formed of five pieces, which are affixed to the

body of the crustaceous skeleton. The series of these plates
which is next the body, are the smallest

; they are placed just at

the top of the ambulacra, and each is perforated with a minute

hole, the use of which is quite unknown. The inner series is

formed of larger pieces, each perforated with a considerable

foramen, which lead to the ovaria. The latter may, therefore,

be called the ovarial, and the former, as they are partly
between them, the interovarial pieces. One of the ovarial plates
is considerably larger than the rest, convex externally, and per-
forated like a sieve with numerous minute foramina, and hiter-

nally thick and rugose. This plate is somewhat similar both in

form, and perhaps in use, to the orbicular spot on the back of

the Stellerida called Corpus Spongiosum, by Spix, figured in the

Annals of the Museum (vol. xiii. t. 32, f. 1, a), where M. Spix
considers that it may, perhaps, be the orifice of the organs of

generation as it is perforated with two foramina (see p. 446).
The skin round the mouth is scaly, and furnished with ten

somewhat prominent glands, placed in pairs ;
the jaws, which

were compared by Aristotle to a lantern, consist of five conical

triangular bones, each formed of two pieces, containing in their

middle a long linear curved tooth
; the teeth are externally con-

vex, and furnished with an internal mid-rib, and the end hardens

as they are worn away ;
these jaws are articulated together by the

intervention of five oblong bones, converging towards the centre,

and furnished with five other linear arched bones. The jaws
are moved by muscles placed between them, and by some
attached to five variously formed erect processes placed on the

oral edge of the body of the shell
;
these parts are figured, but

not very correctly, by Klein, t. 21.

Round the oral edge of the body of the shell are placed ten
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more or less distinct grooves, situated at the base of each arm
of the internal processes, and diverging from them

;
and on the

edge of the extra ambulacral beds just by the outer margin of
the ambulacra. I am not quite sure what is the use of these

grooves, but they have very much the appearance of pulleys,
over which some muscles work, and examining a specimen of
Echinus mammil/aiuspYeservedins^'mis, I observed ten shrub-like

bodies attached to filiform nerves, or muscles, which appear to

extend up towards the body of the shell : I am, therefore,
inclined to think that they are the means by which spines are

moved and nourished^ but I cannot at present decide, from the
want of live and preserved specimens, to dissect and examine
more minutely.

This group is synonimous with the genus Echinometra of

Bryerius, and the section Cidaris of Klein. It is divisible into

two families.

Jam. 1. CiDARiD^. Cidaris, Lam.

Body with two-sized spines ; larger ones club-shaped, or very
long ; spine-bearing tubercles perforated at the apex.

Gen, I. CiDARis, Klein, Lam. Turbans.

Body depressed, spheroidal ;
ambulacra waved

;
small spines

compressed, two edged, two rowed, covering the ambulacra, and

surrounding the base of the larger spines.
This genus may be divided according to the form of the larger

spines ;
the extra ambulacral beads have only. two rows of spines.

C. imperiaUs, Lam. Klein, t. vii. f. A.

2. DiADEMA. Diadems.

Body orbicular, rather depressed ;
ambulacra strait, spines

often fistulous.

*D. setosa, Leske, Klein, t 37, f. 1, 2. Echinus Diadema,
Lin, **D. calamaria. Echinus, Pallas, Spix, ZooL t. 2, f. 4, 8.

3. ASTROPYGA.
Body orbicular, very depressed ; ambulacra strait

;
ovarian

scales very long, lanceolate
; beds with several series of spines.

A. radiata, Leske, t. 44, f. 1.

Fam.2. Echinid^,
Body with nearly uniform spines ; spine-bearing tubercles not

perforated.

Echinus, Lin. Van. Phelsum.

Body orbicular, subangular; beds with cross rows of spines.
E. esculentus, Lin.

Echinometra, Bryerius. Van Phelsum.

Body ovate or elliptical, each bed with two rows of large
tubercles j ambulacra flexuous ; allied to Cidaris,
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*E. Lucuntur. Echinus, Lin, Klein, t. 30, f. A. B. **E.

atratus, Kleiuj t. 47, f. 12. **^E. mammillatus, Klein, t. 29,
f. 1. The last two sections will most probably form a new genus.
The genus Clypeus of Klein and Leske, the Echinosinus of

Van Phelsum, appears to be very doubtful. Lamarck considers

them species of Galerites,

2. Annectant Group.—Body not globular, variously

shaped; jaws not projecting; anus lateral or below; anus and
mouth covered with imbricate irregular scales.

Earn. 3. Scutellidje.

Body depressed or conical, covered with numerous minute

equal-sized, immersed tubercles ; spines short, conical, thin,

equal ;
ambulacra in ten short bands bending together in pairs,

like the petals of a flower, formed of two distinct lateral holes

united by an external groove ;
mouth central

;
teeth blunt, not

exserted
; jaws formed of five pair of depressed triangular bones;

internal cavity divided by numerous vertical columns supporting
thej aws; internal oral edge with five pair ofsimple processes; ovarial

pores 4-5, situated between the ambulacra surrounding the Cor-

pus Spongiosum ;
interovarian pores minute, at the centre of the

apex of the interambulacral area.

The crustaceous covering of the body is usually thickened

internally by an additional coat, and, being strengthened by
the internal columns, resists the action of the sea for a length
of tirne. It is formed of twenty bands of pieces, but the conti-

nuation of the ambulacral bands are often very much dilated and

perforated.
This family is aUied to the Echinidce by the equal spines, and

having jaws, &c.; to the annectant families of the order Stellerida,

by their jaws being only used for pressing the food, and by the
radiated-lobed form of some of the species.

*Echinanthus, Bryerius. Clypeaster, Lam.
EcHiNANTHUs, nob, not Van FheL Echinorodum, Van

Phel, Scutum angulare, Klein,

Body oval, or sub-pentangular, above convex, beneath con-

cave, with five grooves; ambulacra in pairs, rounded; ovarial

Eores

five
;
mouth central

;
anus marginal ;

the jaws, Klein, t. 33,

p.q.
^Interambulacral area rounded, E. humihs, Leske, i. 1 7, f. A.

t. 10 B. Echinus rosaceus, Lin. E. subdepressa, nob, Klein,
t. 19, f. A B. Seba, iii. t. 15, f. 15 and 12. E. ambigena, scu-

tella. Lam. Seba, iii. t. 15, f. 13, 14. ^^'Interambulacral
;

area acute. E. altus, Leske, t. 53, f. 4.

Lagan A. Placenta lagana, Klein. Echinodiscus, Van
Phel. not Bryerius.

Body sub-pentangular, depressed, below rather concave^
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ambulacra in pairs, rounded
;
mouth central ;

anus between the

margin and the mouth.
L. minor. Echinodiscus

la^anum, Leske, t. 22, f. a, b, c.

L. scutiformis, Selm, iii. t. 15, f. 23, 24; see Scutella, n. 15, 16,
Lawi.?

**Echinodiscus, Bryerins, Scutella, Lam,
EcHiNARACHNius,LesA:e. Arachnoides, Klein,

Body flattened, outline orbicular, or subangular, above rather

convex, edge thin; ambulacra in pairs, like a flower; mouth
central ;

anus marginal.
E. placenta. Scutella, Lam. Klein, t. 20, f. A B. E. parma,

Scutella, Lam, E. lenticularis, Scutella, Lam,

EcHiNODiscus, Leske. Mellita and Rotula, Klein.

Body flattened, outline orbicular, above rather convex, edges
thin ;

ambulacra in pairs, like a flower
;
mouth central ; anus

between the margin and the mouth. Jaws, Klein, t. 33, f. r, s.

^Entire. E. orbicularis. Echinus, Gmelin. Leske, t. 45, f.

6, 7. E. fibularis, Scutella, Lam. **Lobed. E. inauritus,

Seba, iii. t. 15, f. 3, 4. E. auritus, Seha, iii. t. 15, f. 1, 2.

E. dentata, Klein, t. 22, f. E F. ***Perforated. E. bif'ora,

Klein, t. 21, f. A B. E. digifata, Klein, t. 22, f. A B. E. octo-

dactylus, Klein, t. 22, f. C D, &c.

EcHiNOCYAMUs, Leske. Fibularia, Lam,

Body subglobular; outhne ovate, or orbicular, edge rounded;
inside with columns

;
ambulacra in pairs, short, hke a flower ;

mouth central ; anus between the mouth and edge.
E. ovulum, Fibularia, Lam. E. pusillus, Spatangus, Muller,

Zool. Dan. iii. t. 91, f. 5, 6. E. tarentina, Lam. E. trigona.

Fibularia, Lam.

#*#

Cassidulus, Lam,

Body elliptical ;
outline ovate, above rather convex

;
ambu-

lacra 5 stellate
;
mouth central

;
anus between the vertex and

the margin.
C. complanatus. Lam. C. scutella, Lam.
C. lapis Cancri by its figure appears to be allied to the genus

Echinolampas, and will, perhaps, form anew genus.

Fam.4. Galeritid^.

Body ovate or conical, covered with numerous small, equal,
sunk tubercles

; spines short, small, equal ;
ambulacra complete,

forming bands (rarely interrupted at the edge) from the mouth to

the vertex ;
mouth mostly central

; jaws ?; internal cavity

hollow, destitute of vertical pillars ;
ovarian pores 4

; corpus

spongiosum vertical, in the centre of the ovarial perforations ;
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the interovarial perforations minute, at the apex of the atobularra.

The body formed like Echinidce of twenty bands, the ambulacral

band being the narrowest; the sutures are not so distinctly sinuous

as in Echinidce.

Galerites, Earn, Fibula conulus, Klein, Echinites, Van
PheL Echinometra, Van Phel.

Body conical
;
base orbicular or subangular ;

ambulacra ten,

each formed of two series of perforations placed together in

pairs, extending without interruption from the mouth to the

vertex ;
mouth central

;
anus marginal ; only found fossil.

G. vulgaris, Lam. Klein, t. 14, f. A K.

DiscoDEA. Fibula discoidea, Klein, Galerites, Lam,
Echino discoides. Van Phel.

Body orbicular, depressed ;
ambulacra ten, placed in pairs ;

alternately smaller, rest like Galerites.

D. rotularis. Galerites rotularis, Klein, t, 14, f. L—O. ,

EcHiNANAus, Kanig. Echinoneus, Van Phel. and Lam.
Echinoconi pars, Bryerius.

Body obovate or orbicular, rather depressed ; ambulacra ten,

placed'in pairs, extending without interruption from the vertex to

the mouth
;
mouth central

;
anus placed between the mouth and

the margin.
E. cyclostomus, noh. Echinoneus cyclostomus, Klein, t. 37,

f.3, 4.

EcHiNocoRYs, Bryerius. Echinus salaris and pelagius,
Van Phel. Cassis Galea and Galeola, Klein. Anachites, Lam.

Body ovate, convex
;
base oval, flattened

;
ambulacra ten,

placed in pairs, extending without interruption from the vertex

to the mouth, where they become closed together ;
mouth lateral,

transverse ; anus marginal.
E. ovatus, Leske, t. 53, f. 3. Anachites ovata, Lam. This

genus is very closely allied to the SpatangidcR, and, perhaps,
should be referred to them.

EcHiNOLAMPAs,w.o6. Echinanthus? Van Phel. Echinanthus,
Leske. Clypeaster, Lam. Scutum ovatum, Klein.

Body ovate, convex
;
base ovate, flattened, extended poste-

riorly ;
ambulacra ten, placed in pairs, rather distant, near the

vertex, interrupted at the edge, and close together near the

mouth; mouth subcentral
;
anus marginal.

*E. Koenigii, nob. Echinoneus lampus, De la Beche, Trans,

Geol. Soc. i. t. 3, f. 3, 4, 5. *^E. oviformis, nob. Echinus,
Gmelin. Clypeaster oviformis. Lam. Klein, t. 20, f. c d,

E. orientalis, nob, Seha, iii. t. 10, f. 23, 24.

EcHiNOBRissus, Bryeriiis. Nucleolites, Lajn.

Body ovate or cbrdiforra, rather convex, grooved in front
; am,-
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bulacraten, in pairs, radiating without interruption from the vertex
to the mouth ;

mouth subcentral
;
anus dorsal.

E, Bryerii, n. Nucleolites scutata. Lam, Bryerius, t. 6,

f.1,2.

Fam.5. SPATANGIDiE.

Body ovate or heart-shaped, rather gibbous, covered with
numerous small, and some scattered, rather larger tubercles ;

spines setaceous, depressed, unequal-sized, the larger tubercles

perforated ;
ambulacra subcomplete, interrupted at the edge,

forming a cross, uniting by pairs, each formed of two rows of

perforations ;
mouth submarginal, below, transverse, destitute of

jaws ;
internal cavity destitute of vertical pillars ;

ovarial pores
four, close together, vertical

;
interovarial pores very small ;

corpus spongiosum vertical, anterior.

The crustaceous covering of the body of these animals is thin,

and formed of twenty bands of pieces, like all the other Echinida,
but the interambulacral areae are unequal ;

the
posterior

lateral ones

are usually very broad, the lengthening of which is formed more

especially by the extension of the pieces of the posterior band
of this area; the hinder middle area is rather irregular ;

the pos-
terior series of each of the two hinder ambulacra being extended
into it just below the anus so as to form an isolated subpentan-

gular piece, externally marked by a smooth groove, the ambu-
lacra tnen being extended beyond it, leaving a central ovate, or

lanceolate medial inferior area. Round the mouth there are five

grooves, the continuation of the ambulacra, which are more or

less perforated with holes, through which pass out branched ten-

tacula, like those of Holothuria, see Leske, t. 43, f. 5.

The species like Brusus purpureus, which have very distinct

larger spines, are aUied to Cidarldm by the tubercles of the lar-

ger spines being perforated. The whole family is allied to

HolothuriadcB by the thin texture of the crustaceous covering,
and by the mouth being destitute of jaws, and surrounded by
branched appendages.

*Echino spatangus, Bryerius, Cor marinum, Klein,

Spatangus, Klein.

Body cordiform ;
back with large perforated tubercles

;
am-

bulacra four, the posterior one wanting, or not perforated.
S. purpureus, heske, t. 43, f. 3, 5

;
t. 45, f. 5.

EcMiNocARDiUM, Vau PkeL?

Body cordiform ;
back equal, tuberculated ; ambulacra five,

the posterior one in a groove, perforated.
E. atropos. Spatangus, Lam. E. pusillus, Leske, t. 38, f. 5 ;

Klein, t. 24, Lode. E. seba, Seba, iii. t. 10, f. 21, A B.

**Echino brissus, Bryerius, Ovum marinum, Klein,
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BnissvB, Klein, "Nuces, Van Phel,

Body ovate ;
ambulacra four, the hinder wanting, all sur-

rounded by a groove.
*B. ventricosus, Leske. Kleiuy t. 26, f. A.; unicolor, Leske*

Klein, t. 26, f. B C. ^^*B. carinatus, Leske, t. 48, f. 4, 5. Seba^
in. t. 14, f. 3, 4. B. columbaris, *Se6«, iii. 1. 10, f. 19.

Ova, VanPheL Brissoides, Klein,

Body ovate, deeply grooved in front; ambulacra five, im-

pressed.
O. canaliferus. Spatangus, Lam. Klein, t. 27, f. A.

The Spatangus prunella. Lam. Ka^nig, Icones Foss. Sectiles,

t.3,f.34, appears to be the type o^VanPheIsam's genus Amygdala,
which is pecuhar for the anus being nearly dorsal

;
and Spatangus

radiatuS; Klein, t. 2, 5, appears to form a new genus.

Article V.

lingular Fossil Nuts. By J. L. Levison, Esq.

(To the Editors of the Annals of Philosophy.)

GENTLEMEN, 54, Berwick-street, Oxford-street.

As I am in possession of some fossil nuts which I think

highly interesting in a scientific view, particularly as I do not
recollect having seen them noticed in any work on geology, I

will, therefore, briefly state their history. They are, or appear to

be, a similar kind to our common wood nuts, and were found
near the Giant's Causeway in the North of Ireland

;
the kernels

are changed into carbonate of lime, with a slight trace of iron;

they have quite a chalcedonic aspect, are translucent, and much
harder than common limestone fossils

;
in their general appear-

ance they, in common with other organic remains, have all

the peculiarities of the original substance
;
these appear to be

worm-eaten, the places originally perforated remaining ;
but the

phenomena I would more particularly request your attention to

are, that the shells of these nuts are unaltered in theirpeculiar pro^
perties; they are slightly discoloured, they retain the ligneous

appearance, burn with a bright flame, which converts them into

charcoal : the only difference I can detect in these fossil shells

from recent ones is, that during combustion they give out a

sulphurous odour, and do not make any crackling noise. With
these shells and nuts are found fragments of fossil wood (proba-

bly from the tree the nuts grew upon) perfectly converted into

carbonate of lime
;
and what appears to me the most enigmatical

is, that the shells have not any adventitious earthy matter, and
that these pieces of wood do not retain any of the original sub-
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stance. I applied heat to a specimen of the wood, but it only
became hot giving off the acid, &c.

;
it effervesces with muriatic

acid very strongly. If you think these curious facts worthy of

a place in the Annals of F/iilosophy, they may probably induce

some of your readers to offer a theory to elucidate these very
natural questions ;

viz. Why the shells are unaltered in all the

cliaracteristic properties ofwood? And why the fragments of the

wood and the nuts (which were all found together) have under-

gone a perfect change? Whether we may consider the shells

preserved (chemically) by essential oil of the nuts, bitumen, or

the adventitious circumstance of being impregnated with sulphur?
I remain, Gentlemen, your very obedient servant,

J. L. Levison^t

P. S. I shall be most happy to give you or any of your corre-

spondents ocular proof of the facts stated, by calling on me.

*^* Specimens of fossil nuts, precisely similar to those de-

scribed by Mr. Levison, may be seen in the British Museum :

they are from Carrickfergus Bay.
—Edit,

Article VI.

On the Advantages ofHigh Pressure Steam.

By Mr. John Prideaux.

(To the Editors of the Annals of Philosophy,)

GENTLEMEN, Plymouth, Oct. 4, 1825.

If the following obvious remarks have been any where anti-

cipated, this letter may be destroyed. But having seen an

attempted demonstration in your fourth volume, and heard it

lately repeated by distinguished practical engineers, that 7io

direct advantage results from the use of high pressure in steam

enginesJ because theforce of steam is as its density, and its caloric

a constant quantity at all densities, thus making the force just

proportional to the fuel employed ;
it seemed to me worth while

to occupy one or two of your pages with what I apprehend to be

a more correct view of the subject.
It is established by sufficient experiments,
1 . That the caloric of steam, in contact with water, is a con-

stant quantity at all temperatures.
2. 1 hat every elastic fluid, at a given density, has its expansive

force in proportion to its temperature, increasing ^^ for each

ascending degree of Fahrenheit.

3. That every elastic fluid, at a given temperature, has its

expansive force directly as its density.
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From these premises it follows, that the force of steam is

directly as its density, multiplied by -ifi for each degree of

increased temperature, the caloric corresponding with the density
alone.

For instance : steam at 212° has an elastic force = 30 inches

of mercury; and at 300° = nearly 140 inches, neglecting frac-

tions.

By the second law, steam of the density due to 212° raised 88°

with a geometrical increase of 4-|i for each degree, shall gain
about b'Q inches ;

or possess at 300° a force = 35*6 inches of

mercury.
And by the third, the density due to 300° shall be as 35*6

inches to the force found = 140 inches, or about 3*9 times

greater than at 212°.

But the caloric being constant is in simple proportion to this

density ;
and the fuel consumed must be expected to correspond

with the caloric.

Then 30 inches x 39 = 117 inches, the force due to the

density at 300°, deducted from 140 inches, the force found by
experiment, gives 23 inches, the

profit by working at 300°.

If this example be just, the weight of steam employed having
its caloric constant, shall be a measure of the fuel consumed ;

and there is a direct profit in the ratio of -f^fi for each ascending
degree of Fahrenheit, as above stated.

It is plain from the nature ofgeometrical progression, that this

profit shall increase as the temperature is more elevated: if we
work at COO°the force of each powwc? of steam shall be double of

^hat at 212°
;
and if we go up to 960° or 980°, it shall be quad-

ruple ;
the caloric, and consequently the fuel, remaining a con-

stant quantity.
It is easy to illustrate this from the reports of working engines,

but the effects in these cases are dependent on such mixed

causes, that no uniform conclusion can be drawn from them.

Can you refer me to Watt's experiments on the density of

steam ?

In taking the caloric contained in the steam as a measure of

the fuel consumed, there is not exact precision : radiation will

of course increase with temperature ;
but I thought this might

probably be more than compensated by the diminished surface

of the vessels
;
and that, in the rapid action of a steam engine,

it could hardly make an appreciable difference.

A collateral advantage of not less importance, well known to

engineers, and which did not escape the sagacity of Mr. Watt,
is gained, in allow^ing high pressure steam to expand in the

cylinder. Mr. Watt has given a formula for calculating the

profit on this proceeding ;
but for a much more perspicuous

demonstration, I am indebted to a conversation with Mr.
Perkins.

New Series, vol. x. 2 f
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II

III

IV

V

VI

VII

VIII

Suppose we have to work at a pressure of 10 lbs.

on the inch.

Let the steam be raised to a force of 80 lbs. on the

inch, and let in ith of the stroke
;
then stop the

communication, the piston being at I.

We have thus ith at 80 lbs.

When the steam has expanded to II, the volume
is doubled, and the force reduced to 40 lbs. (suppos-

ing the cylinder to keep the temperature constant),
the mean from I to II being 60 lbs.

Hence we have
-|-th

at 60 lbs.

When the piston reaches IV, the volume is again
doubled, and the force reduced to 20 lbs. the mean
from II to IV being 30 lbs.

This gives i-th stroke at 30 lbs.

On reaching VIII, the volume will again double itself, and
the force will be reduced to

:^-,
thus becoming 10 lbs. on the

inch as proposed ; but the mean, from IV to the bottom, is 15 lbs.

Which makes V stroke at 15 lbs.

Adding these quantities together, we have

I. 4-
at 80 lbs. = lOlbs.

I to II. i at 60 lbs. = 7-5

II to IV. ± at 30 lbs. = 7-5

IV to VIII. ^ at 15 lbs. = 7-5

32*5 lbs. on the inch.

for the mean impetus communicated to the fly-wheel by each
stroke of the piston : and as the cylinder full of steam is at a

density of only 10 lbs. on the inch, the power thus gained appears,
at first view, enormous.

But against this must be set, the irregularity of the impulse
communicated to the fly,

and of the temperature supplied to the

cylinder ; beside the additional weight and friction of the

machinery, and other considerations
; involving too many theo-

retical principles to allow of a satisfactory estimate from calcu-

lation, without direct and repeated experiment.

Enough, however, is known, to prove both in practice and

theory, that great profit is attainable l)y working steam at high

temperatures ;
and the limit of economy appears to me the

degree at which water is decomposed by the containing vessels.

I am, Gentlemen, your very humble servant,
John Pridraux.
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Article VII.

Astronomical Observationsy 1825.

By Col. Beaufoy, FRS.

Bushel/ Heath, near Stanmore.

Latitude SP 37' 44'3" North. Longitude West in time 1' 20*93".

Observed Transits of the Moon and Moon-culminating Stars over the Middle Wire of

the Transit Instrument in Sidereal Time.

1825. Stars. Transits.

Oct. 21.—c'Capric 21h 35' 43-77"

21.—345 Aquarii 21 49 06-47

21.—30 Aquarii 21 54 07-97

21.—44 Aquarii 22 08 02-05

2 1 .—Moon's First or West Limb 22 11 1 1 -09

21.—51 Aquarii 22 15 03-70

21.—166 Aquarii 22 28 45-40

21.—183 Aquarii 22 30 4865
21 219Aquarii 22 38 52-70

22.—f Aquarii 22 19 53-41

22.— >) Aquarii 22 26 26-27

22.— 1 Piscium 22 46 07-11

22,—2 Piscium 22 50 33-79

22.—Moon's First or West Limb 22 56 50 47
22.—a Piscium 22 59 47-37

22.—y Piscium 23 08 10-02

22.—68 Piscium 23 14 38-38

22.—K» Piscium ...23 18 02-27

24.—Moon's First or West Limb 23 27 28-92

24.—SPiscium 23 39 41-53

24.—297 Ceti 23 59 18-61

25.—58 Piscium 37 59-12

25.—75 Piscium 57 26-95

25 Moon's First or West Limb 1 14 00*78

25 rj Piscium 1 21 51-54

Eclipses of Jupiter's satellites.

Oct. 25. Immersion of Jupiter's first/
16h 23' 09" Mean Time at Bushey.

satellite (16 24 30 Mean Time at Greenwich.

Nov. 4. Immersion of Jupiter's second J 14 55 12 Mean Time at Bushey.
satellite (14 56 33 Mean Time at Greenwich.

Article VIII.

On Three new Salts of Soda. By Thomas Thomson, MD. FRS.

The salts which have been akeady examined by chemists

with more or less attention amount to about 840. But this

number, great as it may appear, constitutes but a very small

proportion
of the saline combinations, capable of being formed.

We can hardly examine even the most common substances with

2f2
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any attention without being struck with some new and unex-

pected phenomena. Indeed our knowledge of sahne combina-
tions and of the limits within which these combinations are

confined, is so important that we are not prepared to reason

generally on the subject. Compounds are perpetually presenting
themselves which are at apparent variance with our preconceived
notions. For example, what opinion is more firmly established

than that the saline compound of sulphuric acid and soda cannot

crystallize unless it be combined with a considerable quantity of

water? Yet I have lately met with this acid and base combined
in definite proportions and in well-formed crystals totally desti-

tute of combined water.

The muriatic acid of commerce is never free either from sul-

phuric acid or iron. On that account I am in the habit of pre-

paring muriatic acid for the purposes of analysis by passing a
current of muriatic acid gas through distilled water till the liquid
refuses to absorb any more. The common salt from which the

muriatic acid gas is evolved is put into a large retort, and the

requisite quantity of sulphuric acid of commerce to decompose it

is poured in at intervals through the tubulated opening in the

retort. The retort is heated by a lamp.

By this process a vast quantity of gas is evolved at first
;
but

it gradually diminishes, and at last ceases altogether long before

the whole of the common salt is converted into sulphate ofsoda.

Indeed this complete decomposition cannot be effected without

a degree of labour and a repetition of so many processes, that I

find it not worth while to prosecute it beyond a certain point.
There remains in the retort an indurated, white, and very sour

tasted salt, which I dissolve out by filling up the retort with

water, and digesting it on the sand-bath. The difficult solubi-

lity of this sahne residue is so considerable that repeated diges-
tions and a great deal of water are necessary to remove it out of

the retort. If the first solution obtained in this manner, which
is exceedingly acid, containing a great excess of sulphuric acid,
be concentrated on the sand-bath and set aside for crystalliza-

tion, the first crop of crystals formed is usually very similar in

shape to glauber salt
;
but they are much firmer and heavier, and

have an exceedingly acid taste. These crystals do not always

appear, and I have not ascertained the circumstances upon which
the appearance depends ; though it is probably connected with

the proportion of excess of acid which the liquid contains. But
I have procured them several times successively in the circum-

,stances just described, and see no reason to doubt that other

chemists, by proceeding in the same manner, will be equally for-

tunate. These crystals constitute a new anhydrous salt, which,
from its constitution, I shall call sesquisulphate of soda. I shall

give a short account of the properties and analysis of this salt.
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The primary form of common sulphate
of soda is a doubly obhque four-sided

prism with the following angles.

MonT 108°

P on T 101 30'

P on M 128 (by a common goniometer)

The acute edges of the prism are fre-

quently truncated, making the prism six-

sided. The crystals of the sesquisulphate M
of soda when first formed are perfectly

transparent ;
but I have never been able

to obtain them in a state fit for measure-

ment.
I believe the primary form

to be a four-sided right prism.
The only forms which I have

observed are represented in

figures A and B, A
repre-

sents an eight-sided prism
terminated by a four-sided

pyramid, having a rhomb P
instead of its apex. The in-

clination of M on T was 90°.

Hence I ccmceive M and T
to be two primary faces of

the original four-sided right

prism. The other faces, c/, e, are the truncation of the edges"of
the prism. P, I consider as the remains of the primary terminal

tion of the prism. Its position is oblique, though I have not
been able to measure the angle very exactly. The four pyrami-
dal faces, fif, by c, may be formed by decrements on the terminal

angles of the primary prism. I have not met with any crystal

exactly similar to figure B. The lateral edges of the primary
prism are always truncated, but the bihedralsiuninit represented
in the figure occurs occasionally. It is obviously produced by
a decrement on two of the edges of the base of the primary
prism. Most commonly the two sets of decrements represented
in these two figures occur together, giving the terminal truncated

pyramidal figure seven faces instead of five.

The taste of the salt is very acid. When a crystal was laid

upon blotting paper, the paper became moist and acid, and con-
tinued so

; yet the crystal did not apparently absorb moisture
;

but continued hard and firm, and quite dry on the surface.

Indeed the paper remained dry, if the crystals had been washed
in water. There was not the least tendency to effloresce, though
the salt was exposed for several days to the air during dry
weather.
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Tlie
specific gravity of the salt at 63*^ was 2*26. I determine

the specific gravity of salts insoluble in alcohol by filling a nar-

row graduated tube with alcohol to a certain point. Into this a

given weight of the crystals (say 40 grains) is put, and the bulk

of this weidit is determined by observing how much the surface

of the alcohol is elevated. From this, knowing the weight of

100th part of a cubic inch of water at 62° to be 2*5272 grains, it

is easy to deduce the specific gravity of the salt. Thus if 40

grains of a salt were equivalent to the bulk of 10-lOOths of a
cubic inch, or to 25*272 grains of water, its specific gravity
would be 1-58.

At the temperature of 63°, 100 parts of water dissolve about
25 parts of this salt. The crystals were previously reduced to

powder, and the solution was accomplished by agitating 100

parts of water with 10 parts of salt in a glass tube. As soon as

the first 10 parts of the salt had dissolved, 10 more were added.

Twenty parts treated in this manner dissolved completely ;
but

when about the half of the third 10 parts was dissolved, crystals

began to form in the liquid, and to subside in it. This put a

stop to the process. The crystals were doubtless common sul-

phate of soda; for we learn from M. Gay-Lussac's experiments,
that at the temperature of 64°, 100 parts of water dissolve only
16*73 parts of anhydrous sulphate of soda. But 25 parts of ses-

quisulphate of soda contain 19*5 parts of anhydrous sulphate.

Accordingly when we separate the sulphate of soda from the

liquid by crystallization, a very acid liquid remains behind.

When sesquisulphate of soda is heated on the sand-bath, it

does not melt nor alter its appearance, and loses very little

weight : 40
grains,

when treated in this way, sustained a loss of
1*2 grain. Even when heated to redness in a platinum crucible,
the loss of weight was inconsiderable. It was, therefore, mixed
with a sufficient quantity of carbonate of ammonia, and heated

over a spirit-lamp, till it ceased to give out any thing. Forty

grains of it when thus treated lost 8*7 grains of weight. The
residual 31*3 grains proved on examination to be anhydrous
sulphate of soda. Composed of

Sulphuric acid 17*38

Soda 13*91

31*30

Forty grains of the crystals of sesquisulphate of soda were
dissolved in water, and precipitated by muriate of barytes. The

sulphate of barytes obtained, after being washed, dried, and

exposed to a red heat, weighed 75 grains, equivalent to 25*42

grains of sulphuric acid.

If from 25*42 w^ subtract 17*38, the quantity of acid in

40 grains of the salt when converted into neutral anhydrous sul-
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pliate of soda, there remain 8-03. Now 8*03 is
very nearly the

third part of 25*42. Thus the constituents of the salt are,

Sulphuric acid 25-42 or 7-31

Soda 13-91 4-0

Loss 0-67 0-19

40-00

If the loss be sulphuric acid, as is not unlikely, then the salt

is anhydrous, and its constituents are,

1 J- atom sulphuric acid 7-5

1 atom soda , 4'0

lT-"5

As the liquid from which these crystals were obtained con-

tained a quantity of common salt, I thought it possible that

muriatic acid might have formed a constituent of the salt ;

but when a dilute solution of the crystals was tested with nitrate

of silver, no precipitate whatever fell. This shows that the salt

was free from muriatic acid. Its only constituents that I could

detect are sulphuric acid and soda.

2. Bisulphate^of Soda,

If we dissolve glauber salt in dilute sulphuric acid, and, after

concentrating the solution sufficiently, set it aside, a number of

crystals shoot in it, which are in transparent prisms, and at first

sight bear a close resemblance to those of common sulphate of

soda.

These crystals do not sensibly dehquesce when exposed to the

air (at least the deliquescence is very slow). But when left upon
blotting paper, that paper soon becomes moist, and continues

so. The salt was four times successively transferred to dry

paper ;
but the same moistening effect took place upon each.

From this I am led to conclude, that the salt slowly attracts

water from the atmosphere.
The crystals when formed in favourable

circumstances were four sided prisms
terminated by an oblique summit as re-

presented in the margin, sensibly the
same as the crystal of sulphate of soda

;

though in all probability the inclinations

of the faces differed a little
;
but none of

them were bright enough to admit of

measurement by the reflective goniometer.
All the crystals observed were four-sided

prisms. In some the terminating plane
had the form of «, figure B, though the
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prism was four-sided. The position of the face a was much more

oblique with respect to the prism than the face P. Hence it

was probably produced by a decrement on the terminating edge
of the face M. I coula perceive no corresponding face to a
situated on the opposite face of the prism M'

;
but this was pro-

bably owing to the imperfect state of the crystal.
The taste of this salt is very acid. When a crystal is held to

the flame of a candle, it melts like a piece of ice. It liquifies
also when heated on the sand-bath, and remains liquid as long
as we please, if the heat does not exceed 300°. When thus
treated it loses scarcely any weight. 18*5 grains of the salt

dried upon blotting paper were exposed to the flame of a spirit-

lamp in a very small platinum crucible, and kept in a red heat as

long as perceptible fumes continued to be given out. The salt

first melted, then boiled, and gave out copious fumes of sulphuric
acid. After some time it became a dry crust, which fused when
the heat was increased, and remained in a liquid state during the

continuance of the experiment. The loss of weight was 8*1 grs.
and the salt still reddened vegetable blues as powerfully as ever.

The object of this experiment was to ascertain whether the bisul-

phate of soda resembled the bisulphate of potash in the obstinacy
with which it retains a certain portion of its excess of acid

;
for

it is well known that bisulphate of potash cannot be freed from
all its excess of acid by heating it over a spirit-lamp. We see

that bisulphate of soda is characterized by the same property.

Specific gravity 1*800.

A quantity of water saturated with this salt at the temperature
of 60 was evaporated on the sand-bath in a glass capsule till it

ceased to lose weight. 226*7 grains of water thus treated left

109'07 grains of bisulphate of soda. Hence it follows that at

the temperature of 60*^, 100 parts of water dissolve 92*72 parts
of this salt. It appears from this experiment that bisulphate of

soda is more than twice as soluble in water of the temperature of

of 60°, as sulphate of soda
;
for we learn from Gay-Lussac's

table, that 100 parts of water at 60° dissolve only between 38

and 39 parts of the crystals of glauber salt.

To determine the composition of this salt, 20 grains of it were

heated in a small platinum crucible over a spirit-lamp (some
carbonate of ammonia having been previously mixed with it) till

all the excess of acid and water were dissipated, and neutral

sulphate of soda remained behind. The weight of this anhy-
drous and neutral sulphate was 9*7 grains composed of

Sulphuric acid 5*377

Soda 4-322

9*7

Twenty grains of the salt were dissolved in water andprecipi-
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tated by muriate of barytes. The sulphate of barytes obtained,
after being washed, dried, and heated to redness, weighed 30*32

grains, equivalent to 10*278 grains of sulphuric acid. Now
10*278 approaches so nearly to 5*377 x 2, that we can have no
doubt that the salt contains 2 atoms of sulphuric acid.

I ascertained by an experiment to be stated immediately that

the reason why the sulphuric acid, obtained by means of the

muriate of barytes, was not exactly double that contained in the

neutral sulphate of soda was owing to a deficiency, in all proba-

bility proceeding from some additional portion of water adhering
to the'salt analyzed ;

for it is rather difficult to get the salt in

the proper state of dryness to fit it for analysis.
If we consider the salt as a bisulphate, and reckon the acid

twice as much as was found in the neutral sulphate from 20 grs.
of the salt, then the constituents will be as follows :

Sulphuric acid . 10*755 or 10*0

Soda 4*322 4*0

Water 4*922 4*57

20*000

The numbers in the second column are the equivalents for the
atomic weights of the constituents. 4*57 approaches so nearly
to 4 atoms of water that I considered myself entitled to conclude
that the salt is a compound of

2 atoms sulphuric acid 10*0

1 atom soda 4*0

4 atoms water 4*5

18-5

To verify this supposition, 18*5 grains ofthe salt were dissolved

iu water and mixed with a solution of 26*5 grains of chloride of

barium. After the sulphate of barytes had precipitated, the

supernatant liquid was tested by sulphate of soda and muriate

of barytes, but was not affected by either. It therefore contained

no sulphuric acid nor barytes, showing that 18*5 is the true

atomic weight of the salt, and consequently that its constituents

have been rightly determined.

The specific gravity of anhydrous sulphate of soda 2*640

of crystallized sulphate cf soda 1*350
—— of bisulphate of soda 1*800

of sesquisulphate of soda 2*260

It is a curious circumstance that in these three salts both the

water of crystallization and the surplus acid (in the bisulphate
and sesquisulphate) have undergone an expansion instead of
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contraction; for if the anhydrous sulphate and the water, consti-
tuted the crystal of sulphate of soda united without any change
of volume, the specific gravity

would be 1-75, instead of 1-35
;

so that the specific gravity ot the water in the crystals is onlv
0-318.

^ ^ ^ -^ -y ^

If in the sesquisulphate we calculate the specific gravity of
the sulphuric acid on the supposition that it combines with the

anhydrous sulphate without any change of volume, we obtain
0-9. Now we are certain that the specific gravity of anhydrous
sulphuric acid ii at least 2. Calculated from the bisulphate, the

specific gravity of sulphuric acid would be 1*01.

The specific gravity of sulphate of potash is 2*880
' of bisulphate of potash 2*112

If we calculate the specific gravity of the second atom of

sulphuric acid in the bisulphate, on the supposition that the

anhydrous sulphate, the sulphuric acid, and the water, unite

without any change of volume, we obtain 0923.
Would it be premature to conclude from these facts that the

water of crystallization in neutral salts, and the excess of acid in

supersalts, undergo an increase of volume instead of a diminu-
tion? I could produce several additional examples of this

increase, if this were the proper place for entering upon such an

investigation.

3. Prismatic Carbonate of Soda,

I have been aware for some time that when the common octa-

hedral crystals of carbonate of soda are liquefied by heat in their

water of crystallization, and the solution set aside, new crystals
of carbonate of soda are formed, having a different shape, and

containing a smaller quantity of water. I have mentioned the

fact generally in p. 267, vol. ii. of my
''

Attempt to establish the

First Principles of Chemistry by Experiment." But my experi-
ments had been made on too small a scale to enable me to deter-

mine the form of the crystals, or to subject the salt to an analysis

sufliiciently rigid to claim a place in my late work ; though I had
concluded from my trials that the water amounted either to seven

or eight atoms, I did not succeed in determining which.

My friend Mr. Charles Tennant, of Glasgow, who manufac-
tures carbonate of soda on a very extensive scale, and who is in

the habit of conljinuing his processes during summer as well as

winter, found himself obliged to stop the crystallizing of the salt

during the very hot weather of the summer of 1825, which has

just finished. Before the stop took place, several crops of crys-
tals had been deposited in his evaporating pans quite different

in their appearance from the crystals of common carbonate of

soda. These crystals drew the attention of Mr. Thomas Clarke,
an exceedingly ingenious chemical friend of mine, who has the
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management of the laboratory in Mr. Tennant's work. He
collected a considerable quantity of these crystals, and subjected
them to a chemical analysis ;

the result of which led him to con-

clude, that the constituents of these crystals were 1 atom car-

bonic acid, 1 atom soda, and between 7 and 8 atoms water.

To this gentleman I was obhged for about a pound weight of

very regular and pure crystals of this new salt, the properties of

which 1 shall now describe.

The crystals are four-sided prisms terminated by four-sided

pyramids, some of them an inch and a half in length, and more
than one-fourth of an inch thick. They do not effloresce when

exposed to the air, even in very dry weather. But my labora-

tory, in which this trial was made, is a damp room
;

for the

College of Glasgow, on a ground floor of which is my laboratory,
is built on a clay soil. Though I examined upwards of 100

crystals with care, I did not find one with faces sufficiently
smooth to admit of measurement with the reflective goniometer.
But with the common goniometer, I obtained the following
measurements, which I consider as tolerable approximations.

MonP 90°
P on M' 90
Monb .,, 115
M^on// 115
Pon« 125
a on h, 01 b' 150

We may consider the primary form as

a right rectangular prism with a rectan-

gular base M •M

The common carbonate of soda is a

bipyramidal octahedron, the common base

of the pyramids of which is a rhomb with

angles of 120° and 60°. If we suppose
this form to be represented by the figure
AB CD, then an idea of the common crys-
tal of this salt will be obtained, if

we suppose the acute angles A, B,
of the rhomb, which forms the

common base of the pyramids, to

be truncated by a plane parallel
to the axis C D of the octahedron.

These truncations are more or less

deep ;
but I have never met with

a crystal without them, though I.

have examined several hundred crystals of aU sizes from half an
inch to eight inches in length.

It would be possible to derive the right rectangular prism from
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this octahedron, by supposing the four angles of the rhomb
A c B rf to be replaced by tangent planes ;

but this is unneces-

sary,
as the two salts differ from each other in their composition;

and as the pyramidal termination is quite different from the

summits C, D, of the rhomboidal octahedron which constitutes

the primary crystal
of common carbonate of soda.

100 parts of water at the temperature of 63° dissolve 63'87

parts of these crystals. This is rather more than the quantity
dissolved of common carbonate of soda at the same temperature,

provided any confidence can be put in an oldset of experiments
on the solubility of this salt made in ray laboratory, by which I

find that 100 parts of water at 65° dissolve 51*03 parts of the

crystals.
When heated, the salt partly hquefies, but not completely, as

is the case with the octahedral carbonate. A portion remains

always solid
;
and when the salt is cooled, imperfect crystals

soon appear. This leads to the supposition that there exists a

third species of crystal of carbonated soda containing still less

water of crystallization. Its specific gravity is 1*51.

To determine the composition of this salt, a variety of experi-
ments were made, the most important of which I shall briefly
state.

(1 .) 50 grains of the salt were dissolved in water, and neutral-

ized with nitric acid. The solution being tested by muriate of

barytes was found to contain no trace of sulphuric acid
;
but

nitrate of silver threw down a quantity of chloride of silver, the

weight of which was 1*58 grain. This is equivalent to 0*39

grain of chlorine, or 0-65 chloride of sodium; so that 100 grains
of the salt contain 1*3 grain of common salt.

(2.) 50 grains of the salt lost, when exposed to a red heat in

three several trials, 28*09 grains. Now common salt being anhy-
drous, we must deduct it from the weight of the carbonate of

soda employed. This being done, we find that 49'35 grains of

pure prismatic carbonate of soda lose, when heated to redness,
28*09 grs. ; consequently 100 grains of the salt would lose by
this treatment 56-92 grains of" weight. Tliis is the amount of

the water of crystallization.

(3.) Into a small Woulf's bottle furnished with two mouths,
one of which was stopped with cotton wool, were introduced

through the other mouth 50 grains of the crystals of this salt.

The bottle contained a quantity of concentrated and colourless

nitric acid
;

it had been previously carefully weighed, and it was
held in an oblique position when the crystals were introduced.

The stopper was immediately put into the mouth of the bottle,

and it was left at rest till the solution was completed. The

stopper was then withdrawn, and a small sucker introduced, by
which I extracted uU the carbonic acid gas contained in the
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bottle, and allowed coniinon air to take its place. The loss of

weight sustained, owing to the escape of carbonic acid gas, was
8*47 grains. When dilute sulphuric acid was substituted for

nitric, the loss of weight was always less
;
because a portion of

the carbonic acid remains in the liquid, and is extricated when
heat is applied. In two trials made in this way, the loss was
8*06 and 8*01 grains. From the experiment with the nitric acid,
which was twice made, it follows that 100 grains of the prismatic
carbonate of soda, if pure, would contain ]7*163 grains of car-

bonic acid.

(4.) 50 grains of the salt were dissolved in nitric acid, and
the solution evaporated to dryness. The nitrate of soda
obtained weighed 35*59 grains, equivalent to 12*991 grains of
soda.

50 grains were dissolved in sulphuric acid. The solution was

evaporated to dryness, and heated to redness with some carbo-

nate of ammonia to get rid of all excess of acid. The sulphate of

soda weighed 29*73 grains, equivalent to 13*213 grains soda.

We cannot employ the quantity of sulphate of soda obtained

for determining the quantity of soda in the carbonate, because
the acid employed was the sulphuric acid of commerce, v.hichis

never quite free from lead. The soda in 50 grains of the carbo-

nate determined by the nitrate is 12*991 grains. Hence 100 grs.
of the salt contain 25*982 grains. If from this we subtract the

0*52 grain soda contained in the common salt present m the salt,

,there will remain 25*462 grains of soda as the constituent of 98*7

grains ofpure carbonate. Hence 100 grains contain 25*797 grs.
Thus the constituents of the salt are as follows :

Carbonic acid 17*163 or 2-661

Soda 25-797 4*0

Water 56*920 8*824

99*880

Loss 0*12

100*000

The second column gives the atomic equivalents for the con-

stituents. If we consider the loss as carbonic acid, which it

was most likely to be, then the equivalent for the carbonic acid

is 2*68, which is about
^^-^^-th

less than the weight of an atom.

The soda was originally in the state of sulphate. It was con-

verted into sulphuret by heating it with combustible matter

(common pit coal). The sulphuret thus formed was dissolved in

water, evaporated to dryness, mixed with saw-dust, and exposed
to a heat strong enough to consume the saw-dust. By this pro-
cess the sulphur is disengaged, and carbonic acid takes its place.
Mr. Tennant's soda usually contains a small portion of sulphate
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of soda, owing obviously to a little of the sulphur being acidified

during the carbonating process ;
but the prismatic carbonate

contained no sulphuric acid whatever
;
neither could I detect in

it any sulphur, or sulphuretted hydrogen, by the most delicate

tests that I could apply. It remains, therefore, somewhat

doubtful, whether the small excess of soda perceptible in the

preceding analysis be owing to an error in the experiments, or

to the salt containing a small portion of hydrate of soda mixed
or combined with the carbonate.

By the analogy 2-75 : 4 :: 17-283 : 25-136 = soda combined
with carbonic acid

;
and by subtracting 25*136 from 25*797, we

obtain 0*659 for the caustic soda that may be contained in 100

grains of the salt. This soda, supposing it present, will be in the

state of a hydrate united to 0*185 water, and constituting 0*844

grain in weio;ht. Subtracting these quantities, we have 17-283

+ 25*138 : 56*735 :: 6*75 : 9*027 = the water united in the

salt with 6*'^5 of anhydrous carbonate of soda.

I am rather disposed to admit an excess of soda, or rather the

existence of a little hydrate of soda in the salt, because consider-

able pains were taken, after the deficiency of carbonic acid was

observed, to determine the quantity of carbonic acid with every
attention to accuracy, but all the experiments led to precisely
the same result

;
and if we reckon the carbonic acid from the

nitrate of soda, we obtain almost exactly the same weight of

carbonic acid as by the direct method.*
There seems no doubt, from the preceding analysis, that the

constituents of prismatic carbonate of soda (supposing it pure)

are,
1 atom carbonic acid 2*75

1 atom soda. 4*0

8 atoms water 9*0

15-75

• It was shown that 49*35 grains of the pure salt lost by heat 28*09 grains. The

remaining 21-26 grains, when decomposed by nitric acid, furnished (12 991 — 0*26)
12-731 grains ofsoda. Hence the 21*26 grains must have been composed of.

Carbonic acid 8529
Soda 12-731

21-260

Now 8*5?9 : 12-731 :: 4 : 2'666 = carbonic acid united to 4 soda in the carbonate.
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Article IX.

Some Investigations respecting the Nature and Phenomena of
Flame, By Mr. John Davies, MWS. 8cc. &c. Lecturer on

Chemistry, &c.^ (Communicated by the Author.)

The important researches of Sir H. Davy on the nature and

phenomena of flame have shown that the subject combines

interesting speculation with practical utihty. Since the con-

trivance of his lamp, and the publication of his admirable

investigations connected with it, the inquiry, which had been

previously neglected, has excited the attention which it merits.

I have, therefore, presumed that an account of some results

which I have obtained on the subject will, like my former

papers, be received with indulgence by this Society.

Flame, or that species of combustion in which light is fur-

nished, is produced by the rapid union of a combustible body
with a supporter of combustion.

The cause of inflammation has never been clearly developed.
It has, indeed, been ascribed to the agency of electricity ;

but

this explanation, which is rather fanciful, is liable to the

reproach which the President of this Society applied, in one of

his late lectures, to certain hasty and fashionable speculations,
when he remarked, that we are, in the present day, very apt
to refer to the agency of electricity every thing wnich we do

not understand.
. ;,

It may, however, be expedient to offer here a brief statement

of the hypothesis.
In most cases of inflammation, hydrogen is the burning

body ;
and its combustion is effected in general by its union

with oxygen. When, however, hydrogen is the only combus-
tible present, the inflammation is always feeble ;

and in order

to obtain a brilliant and powerful flame, carbon seems, in or-

dinary cases^ to be indispensable.
In the instance of a common candle, the hydrogen and part

of the carbon are supphed from the decomposition of the

tallow
;
the remainder, which must be a very small quantity,

arises from the wick, and the oxygen is furnished by the

atmosphere. An elevation of temperature, such as is pro-
duced by a lighted taper, is required to give the first impulse
to the combustion

;
but afterwards it goes on of itself, because

the candle finds a supply of caloric in the successive quantities
of heat which, it is conceived, result from the union of the two

electricities given out by the gases during their combustion.

This explanation, though rather gratuitous, is certainly coun-

tenanced by two striking facts : 1. The principal agents in the

* Read before the Literary and Philosophical Society of Manchester, Oct. 21, 1825*
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operation are known, from other experiments, to be in opposite
states of electricity ; and, 2. Flame gives, under some circum-

stances, indications that electricity is developed during the

changes which inflammation produces.

Respecting the nature of flame there are two opinions. The
first is that of Mr. Sym, who has, in the eighth volume of the

Annals of' Fhilosophj/y attempted to show, that flame is capable
of being truncated, and that it presents only a superficial

process of combustion. The other opinion is that of SirH.

Davy, who conceives that " flame cannot be regarded as a
mere combustion at the surface of contact of the inflammable

matter."

These opinions are manifestly at variance with each other.

I shall request your attention to a brief examination of the

subject.
Mr. Sym in his paper, the merits of which have been most

unaccountably overlooked, has described some very amusing
and easy experiments in illustration of his opinion.

" When a

wire gauze of the requisite fineness is held horizontally across

the flame of a candle, the appearance is not that of repression,
but of truncation. The part of the flame below the gauze has

suffered no alteration in shape, size, or intensity ;
and the part

which ought to be above has simply disappeared. In looking
down, therefore, through the gauze into a flame thus truncated,
we have an opportunity of examining a transverse section of

it, and of thus inspecting its inside. Now it is immediately

perceived that this transverse section consists of a narrow
himinous ring surrounding a disk which is not luminous

;
and

though the obscurity of the disk may at first sight be ascribed

to the blackness of the wick, seen through intervening flame,

it will be discovered, on more careful examination, that the wick

occupies only the centre of the obscure space, which extends to

some distance around it." Mr. Sym therefore contends, that
*^ the only conclusion that remains, or rather the direct percep-

tion, is, that the lower segment of the apparent flame of a

candle consists of only a thin superficial film of real flame,
which has the shape of a cup, surrounding the wick, and

closing in upon it below, but filled, beside, with volatilized

wax."
Mr. Sym" has given some interesting modifications of his

experiments. What I have extracted is, however, sufficient

for our present purpose. Those who desire more information

on the subject would be gratified by consulting the paper re-

ferred to.

Sir H. Davy states, in page 46 of his Researches, that " the

flame of combustible bodies may in all cases be considered as

the combustion of an explosive mixture of inflammable gas, or

vapour, with air. It cannot be regarded as a mere combustion.
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^at the surface of contact of the inflammable matter. This

fact, he adds, is proved by holding a taper, or a piece of

burning phosphorus, within a large flame made bv the com-
bustion of alcohol. The flame of the taper, or o^ the phos-

phorus, will appear in the centre of the other flame, proving
that there is oxygen even in its interior part."
The statements which I have here transcribed appear to be

irreconcileable
;

I therefore thought it desirable to repeat the

experiments mentioned by both, as the only way to arrive at a

fair decision with respect to either.

;.
I have found the experiments of Mr. Sym, which are so

simple as almost to preclude the possibility of mistake, to cor-

respond precisely with what he has stated. A piece of wire

gauze, applied in the manner already described, showed a thin

'film of flame enclosing a mass of opaque carbonaceous matter.

,1 then varied my experiments so as to submit the fact to a

.careful examination. The result was invariably in accordance

with Mr. Sym's statements.
^ ^ I have also repeated, under every variety of circumstances

.which has occurred to me, the experiments of Sir H. Davy.
By enlarging the wick of a common candle, and introducing

into the flame small pieces of phosphorus and of sulphur, on
the point of a needle, I soon found that the interior of ordinary-
flame would not support combustion.

Similar experiments were made in the flame of a spirit lamp,
•and the same results were obtained. A small portion of

phosphorus, having accidentally attached itself to the wick of

the lamp, remained there for a very considerable time, and was
not burnt until it was brought to the edg;e of the flame.

, Influenced by the high authority of Sir H. Davy, I have

been anxious to conduct my experiments in such a way as to

avoid, as far as I have been able, the possibility of exception.
A piece of phosphorus was placed upon a small wooden

stand in a Wedgwood dish; spirit of wine was then poured
into the dish in such a manner that it did not reach the phos-

phorus. The spirit of wine was now lighted, ond its flame

completely enveloped the combustible body. In the course of

a few seconds the phosphorus became fluid, and remained in

that state upon the stand
;
and never in a single instance

inflamed, until the alcohol was consumed, or its flame extin-

guished ; thouoh, in several instances, the spirit of wine con-

tinued to burn for three or four minutes. The phosphorus

always burst into a vigorous flame when the spirit of wine

was extinguished; nor was the combustible power of the

phosphorus, as far as I could judge, in the least impaired.
When the flame of the spirit of wine was blown upon, so that

the edge of it came in contact with the phosphorus, the phos-

phorus immediately burst into a flame
;

but the flame was
New Series, vol. x. 2 g
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instantly extinguished, and the boiling resumed, as soon as
the flame of the alcohol was restored to its natural position,
so as to enclose the phosphorus. It would hence appear, not

only that the interior of flame will not support combustion,
but that it contains no oxygen.

This conclusion is furtner countenanced by the following
addition to the experiment. The extremity of a common

blowpipe
was introduced into the flame of alcohol : it was

found that every time the phosphorus was blown upon,
and in that way furnished with oxygen, it instantly inflamed ;

but

it was again extinguished as soon as its supply of oxygen was
exhausted. In this manner the phosphorus, while surrounded

by the flame of alcohol, was itself repeatedly inflamed and

extinguished in the course of two or three minutes.

That the interior of the flame of alcohol is incapable of

supporting combustion, and that it consequently contains no

oxygen, is also shown by the following experiment. While k

piece of phosphorus, about the size of a pea, was in the centre

of a flame of alcohol, I repeatedly touched it with a red hot
wire

; every time the wire came in contact with the combus-
tible body, there was a slight flash, often hardly perceptible;
but the phosphorus never entered into combustion until the

flame of the spirit of wine was extinguished, or blown aside in

such a manner that the mere edge of the flame, as already
mentioned, should touch the phosphorus.

Iconfess that I had some hesitation as to the correctness

6ftoy opinions, upon the first performance of this experiment ;

for in this case, the combustion of the phosphorus, though
feeble and transient, seems to indicate the presence of oxygen.
I am, however, induced to believe, that the oxygen which
occasioned the combustion was supplied by the oxide of iron

formed by heating the wire red hot. If the quantity of oxygen
obtained in this way be thought small, it should be recollected

that only a very small quantity is required to produce the effect.

I hav6 tried several combustible bodies besides phosphorus,
and the result, as far as respects the general principle, has been

always the same. A wax taper, about half an inch long, was

lighted and placed upright in a small cup, and surrounded by
alcohol ;

as soon as the alcohol was Hghted, its flame enveloped
the taper, carrying away the flame of the latter in rather a

singular manner ; nor was the extinguished taper apparently
aflfected during the operation by the surrounding flame. It

sometimes happened that when the flame of the alcohol was

burnt out, the flame of the taper would, like that of the phos-

phorus, be spontaneously rekindled.

It is hardly necessary to remark, that the result of the ex-

periments which I have described, and of others which I

might have stated, appears to be at variance with Sir H. Davy's
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opinion on the subject, while it is, at the same time, in accord-

ance with the views of Mr. Sym.
From the nature of flame, as explained in this paper, we are

enabled to assign a cause for many of the phenomena of com-

bustion, some of which could not be easily accounted for on

any other principle.
The great power of the Argand burner is owing, as is well

known, to the stream of air which passes up the flame. This

stream of air nearly doubles the surface of the flame
; and, as

upon the principle just stated, the intensity of the flame in-

creases, cateris paribus, in the same ratio, the effect is only that

which might have been expected.
It shows us why combustion is comparatively feeble in rarified

air : for in this case there is a deficiency in the supply of the

oxygen, and the combustion at the surface of the flame must
be accordingly diminished. We see, too, a reason for the Ti-

gorous combustion which is occasioned by introducing the

burning body into oxygen gas.
Some of the researches of Sir H. Davy might, at first view,

appear to militate against the principle which is here applied ;

since he found that, in an atmosphere so much rarified as to

extinguish a small flame of hydrogen gas, a large flame of the

same material might still be supported. This objection, though
plausible, may, I think, be easily obviated. The languid action

of the small flame does not enable it to make use of the scanty

supply of oxygen ;
but the increased energy of the larger

flame, presents, by its greater heat and surface, an augmented
attractive force for the oxygen, which it seizes with avidity as

long as any remains.

When candles and lamps produce, while burning, a quantity
of smoke, the circumstance is owing to imperfect combustion

arising from a deficiency of oxygen. If the lamp or candle
in this state be put into a vessel containing oxygen gas, the

Smoke will, for obvious reasons, be no longer afforded.

It is found that gas burners are, to a certain point, capable
of giving a greater quantity of light, in proportion to the number
of holes made for the emission of the gas, although beyond
that point the illuminating power is diminished. The fact may,
I conceive, be explained upon the principles which I have

attempted to establish. By increasing to a certain extent the

number of perforations, we augment the external surface of the

flame; and, therefore, according to the views of Mr. Sym, we
obtain a greater quantity of hght : but if we exceed that

number of perforations, the flames, which were before distinct,
become united, and form only one flame, the surface of which
must obviously be less than it was in the other case ;

and the

quantity of light will accordingly be, by theory, what we
find it actually is in fact. It ought to be observed, however,

2g 2
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that, as my friend Mr. Dalton has determined, the diameter of

these perforations must not be diminished beyond a certain

extent, otherwise the flame will not be so luminous as it is

when they arc of the ordinary size.

After the explanations which have been given of the nature

of flame, it seems easy to assign a reason for the amazing
power of the oxyhydrogen blowpipe. In this instance, the

combustible body, or hydrogen, is so completely supplied with

the supporter of combustion or oxygen, that the flame, instead

of having, as in ordinary cases, only a superficial film of in-

flammation, is a solid mass of fire. The cause of the difl'er-

ence, therefore, between common flame and that of the oxy-
hydrogen blowpipe is evident.

The common blowpipe may also be explained upon the same

principle. The power of the flame is increased by the intro-

duction' of a quantity of oxygen, which aftbrds a thicker cover-

ing of combustion. Hence the reason that the mouth blow-

pipe is inferior to one of common air; since the air blown

through it contains a less proportion of oxygen than is contained

in the same bulk of the atmosphere.
I shall not lengthen this paper by adverting to any other

topics that may be suggested by a consideration of the prin-

ciple which it has been my object, on this occasion, to illus-

trate and confirm.

Article X.

Analyses of Books.

Philosophical Transactions of the Royal Society of London, for
1825. Part L

Having already reprinted one of the papers contained in this

part of the Philosophical Transactions, the titles of which

are given below, in the Annals for August last, and offered some
account of the contents of four others in our reports of the

Proceedings of the Royal Society, but one of the remaining
communications, that by Mr. Christie, which begins the volume,
will how require to be noticed at any length.

1. On the Effects of Temperature on the Intensity of Magnetic
Forces ; and on the Diurnal Variation of the Terrestrial Mag-
netic Intensity, By S. H. Christie, Esq. MA. of the Royal
Military Academy : communicated by the President.

Mr. Christie has already distinguished himself among the

labourers in the rich field of philosophical research which

Magnetism has for some years past afforded, in consequence

principally of Professor Oersted's discovery of its relations to
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electricity on the one hand, and of the various investigations in

pure magnetism carried on by Prof. Hansteen and Mr. Barlow

on the other
;
and the paper now before us, another important

contribution to our knowledge of this science, will still further

tend to establish hie reputation as a natural philosopher.
—It

commences as follows :
—

" In the paper on the diurnal deviations of the horizontal

needle when under the influence of magnets, which the Presi-

dent did me the honour to present, I stated that these deviations

were partly the effects of changes that took place in the temper-
ature of the magnets ;

and that although the conclusions which
I drew from the observations respecting the increase and decrease

of the terrestrial magnetic forces during the day would not be

materially affected, it was my intention to undertake a series of

experiments for the purpose of determining the precise effects

of changes of temperature in the magnets, so as to be able to

free the observations entirely from such effects.
'* These experiments were immediately made : but I was

induced from some effects which I observed, to carry them to

a greater extent, in the scale of temperature, than was necessary
for the object which I had at first in view. In consequence of

this, and the length of the calculations into which 1 have been

obliged to enter, the accomphshment ofmy purpose was delayed
for a considerable time, and continued indisposition has since

prevented me, until now, completing the arrangement of the

tables of results.
" In the present paper, I propose to detail the experiments

which I made in order to determine the effect of changes of

temperature on the forces of the magnets, to the extent to

which I observed their temperature to vary, during my observa-

tions on the diurnal changes in the direction of the needle, when
under their influence ;

to apply the results which I obtained to

the correction of the observations themselves, thereby account-

ing for the apparent anomalies noticed by Mr. Barlow and

myself, in the observations made in doors and in the open air
;

and by means of these corrected observations, to point out the

diurnal variations in the terrestrial magnetic intensity."

Having found it impracticable to determine purely from

observation . the portion of the arc of deviation due to the

changes which he noticed in the temperature of the magnets, .

Mr. Christie was, therefore, under the necessity of having
recourse to theory; and he adopted the simplest, and that

which is most generally received, viz. that the forces which two

magnets exert upon one another may be referred to two centres

or poles in each, near their respective ends
;
and that for either

pole in one of the magnets, one pole of the other magnet is urged
towards it, and the other from it, by forces varying inversely as

the squares of their respective distances from that pole.
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After this statement he proceeds to explain and exemplify the

application of the theory to the investigation detailed in the

paper ;
and then, describing the compass and magnets made

use of(the verbal description being illustrated by an engraving),
he gives the subjoined account of the mode of experimenting

adopted.
" A meridian line being drawnon a firm table, standing on

a stone floor, the compass was accurately adjusted on it, so

that the needle pointed to zero on the graduated circle. The

magnets were fixed at the bottoms of earthen pans, secured in

such a way to rectangular pieces of board that their positions
could not be accidentally changed, and projecting from these

boards were small pieces of brass, on each of which a line was
drawn to indicate the position of the axis of the magnet ;

the

horizontal distance of the edge of each of the projections nearest

to the needle from the corresponding end of the magnet within

the pan, was exactly three inches
;

1 could therefore, in any
instance, determine very accurately the distance of the centre of

the magnet from that of the needle. The pans were placed on
the table, so that the indexes on the pieces of brass coincided

with the meridian line. Water was now poured into the pans,
and the temperature of the magnets was varied by varying the

temperature of the water. The temperature ofeach magnet was
ascertained by a thermometer placed in the water, with its bulb

resting on that pole of the magnet which was nearest to the

centre of the needle. In my first observations I however made
use of only one thermometer, which was moved, during them,
from one magnet to the other.'*

# * # * # * *
'' The observations contamed in the tables were made thus :

I first noted the time and

then the temperature of the north magnet ;
after which I placed

the thermometer on the pole of the south magnet; 1 next

observed the westerly point, at which the needle was held in

equilibrio by the terrestrial forces and those of the magnets,

slightly agitating the needle, that it might the more readily

assume the true position ;
from this it was led, by means of a

very small and weak magnet, held on the outside of the com-

pass-box, towards the easterly point of equilibrium, which was

observed in the same manner ;
and from this it was led in the

same way towards the southerly point After these

observations of the points of equilibrium, the temperature of the

south magnet being observed, the time at

which the observations concluded, was noted. The temperature
of the water in the pans was now increased or diminished,

according to circumstances, by the addition of other water, and

the pans covered over, to prevent any rapid changes of temper-
ature during the observations : after allowing a short time for
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the magnets to acquire the temperature of the water, the ohser-?

vations were repeated. The scale made use of
for the temperature was in all cases that of Fahrenheit."
From the results of the observations given in the tablegf*

described in the paragraph last quoted, we extract the following :'

**
T(ibles of the Magnetic Intensities corresponding to different

Temperatures of the Magnets, 6th June, 1823.

Mean temper
ature of the

magnets.

62 '050

59-05
77-65
74-00
70-65

67*15
63-80
62-05

Diff. of temp
in successive

observations.

- 3-00

+ 18-60
- 3-65
- 3-35
~ 3-50
- 3-35

-r- 1-75

Magnetic in-

tensity or va-

F
lues of rv.M

212-5620
212^9423
210-6228
210-9892
211-4178
211-8353
212-2167
212-4640

Variation of

- for 1° Fahr, i
j\I iru ft (-!'!=.

0-126»[b ffiJnoxno.'

0-1279^^^'^ .cfsq 3fi-«

0-ii93t *n ^^oaui-j.f-

0-1413 ^«>i«
»'

7th June, 1823.

Mean temper-
ature of the

magnets.

57 -00^

67-00
70-85
75-00
60-50

Diff. of temp
in successive

observations

+ 10-00

+ 3-85

+ 4-15

-14-50

Magnetic in.

tensity.

2129803
211-9209
211-3907
210-8848
212-5489

Variation of

F
M
or A

for 1° Fah.

F

0-1059
0-1377
0-1219
0-1148

13^^ June, 1823.

Mean temper- Diff. of temp.
<tture of thei in su<;cessive

magnets. observations

Magnetic in-

tensity orva-

F
lueof -— .M

Variation of

i^ for 1° Fah.M
F

Some anomalies observed by Mr. Barlow between the daily

changes in the direction of a needk when placed in the house
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and when in the open air,* which Mr. Christie also noticed, and

stated, in a former paper, his
opinion

that they had arisen from
the difference in the changes ot temperature in the magnets in

the two situations, are next investigated in the memoir before
us ; observations on the temperature of the magnets having
been made in the open air, corresponding to those made in doors.

We select the subjoined tables from among the results of this'

branch of Mr. Christie^s inquiry:

{7th and \%th June, 1823.

Mean temper-
ture of the

. magnets.

.Magnetic in-
Dilf. of temp-i tensity, or va-

60-2i>

68-25

74-60
61-75

73-60

55-S8
66-00

73-60
56-90

in successive

observations.

+
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A double series of observations on the diurnal changes in the

positions of the points of equilibrium at which a magnetic needle

was retained by the joint action of terrestrial magnetism and of

two bar magnets, having their axes horizontal and in the mag-
netic meridian, and their centres at the distance 21*21 inches

from the centre of the needle, afford by correction and calcula-

tion the following

Tables of the mean Terrestrial Magnetic Intensities at different
Hours during the Day.

1, From observations made within doors.

1
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'* From these it appears, that the minimum intensity happened

nearly at the time the sun passed the magnetic meridian, and
rather later than in May, which was also the case with the time
of the sun's passage over the meridian :* the intensity increased
until about six o'clock in the afternoon, after which time it

appears to have decreased during the evening, and to have been

decreasing from an early hour in the morning.
" The general agreement of these intensities with those

deduced from the observations made in doors, is as near as

could be expected, considering that an interval of twenty days
had elapsed between the two sets of observations. From this,
and the agreement in the manner in which the westerly and

easterly points of equilibrium approach and recede from the
north in the two cases, which I have before pointed out, we may
conclude, that there is nothing anomalous in the action which
takes place on the needle under the different circumstances of
its being placed in doors or in the open air

;
and that the apparent

*' * The diurnal variation, both in the direction of tlie needle and in the magnetic
intensity, appears to have a reference to the position of the sun with regard to the mag-
netic meridian ; it is therefore probable, that the sun is the principal cause of both these

phaenomena. The circumstance of the situation of the magnetic pole in what appears
to be, independent of elevation, the coldest region of the globe, supported as it is by the

fact of a diminution of temperature causing an increase of magnetic intensity, would
lead us to infer, that the effect produced by the sun is principally to be attributed to the

heat developed by it ; but should any periodical effects, corresponding to the time of

the sun's rotation about its axis, be observable in the diurnal variation, we must sup-

pose that the sun, like the earth, is endued with magnetism, and look for a cause of this

magnetism, common to all the planets. Being engaged more than two years ago in

making some experiments on the effects produced on the needle by unpolarized iron, I

discovered that a peculiar polarity was imparted to the iron by simply making it revolve

^bout an axis ; and this naturally suggested the question to me, whether the magnetism
of the earth, and consequently, diat of the other planets and the sun, might not be

owing to their rotation ? From the effects which I have observed to be produced on iron

by its rotation, it appears probable, if the magnetism of these bodies be not caused by
their rotation, that at least the effects will be modified by, and, to a certain extent,

depentlent on such rotation. Since first observing the fact, that simple rotation will

cause a peculiar polanty, if I may be allowed the expression, in iron, I have made a

great variety of experiments on the subject, which have enabled me to trace the laws

according to which this polarity in the iron affects a magnetic needle, independently of

the effect produced by the mass. It would lead me to too great a length here to state

the several eftects that are produced by the rotation of iron, or the laws which govern
them ; but I will briefly mention one. Let us imagine a plane to pass through the

centre of a horizontal needle, at right angles to the meridian, and making an angle
with the horizon equal to the dip ; then, if the plane of a circular plate of iron coincide

with this plane, and the plate be fixed on an axis passing through its centre at right

angles to its plane, so that it can be made to revolve in its own plane, the direction of the

needle will be different, according as the several points of the plate are brought into any

particular position by making it revolve in one direction or the opposite, excepting in
•

four positions of the centre of die plate. If the centre of the plate be successively placed
to the east or west of the centre of the needle in the same horizontal line, and over the

needle in the plane of its meridian, then the deviation of the needle due to the rotation

of the plate will be in contrary directions in the two cases, the plate revolving in the same
direction in both. These and other peculiar effects arise entirely from the rotation of

the iron, and are not produced by any friction on the axis. As the effects are not very

considerable, to render them conspicuous it is necessary to make use of a plate eighteen
inches in diameter, and to have its ce-itre within sixteen inches of that of the needle. If

the needle is under the influence of magnets, as in the foregoing obscryationsj the effects

produced by the iQtj^tio^ of t^e plate im CQn§44ei^.blc.''
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anomaly in the directions of the needle in the two cases, which
was observed by Mr. Barlow and myself, arose from the cause

which I have assigned for it in my former paper ; namely, the

difference in the changes of temperature in the magnets when
in doors and when in the open air.

*' The diurnal changes in the terrestrial magnetic intensity
have been determined by Professor Hansteen, by means of the

vibrations of a needle delicately suspended. From these obser-

vations it appears, that in general the time of minimum intensity
was between ten and eleven o'clock in the morning ;

that the

maximum happened between four and seven for the month of

May, 1820, and about seven o'clock in the evening for the

month of June. The intensity which, in these observations, is

taken as unity, is that deduced from an observation made during
an aurora borealis ; but for the purpose of comparison, I have,
for the months of May and June, taken the intensity deduced
from liis observations at 10^' SO"" in the morning as unity,
reduced the intensities, which he gives for other times in the

day, to this standard, and placed them in the following table,

with the corresponding intensities deduced from my own obser-

vations.

;.^^,
Intensity deduced from Hansteen's

.

'

observations in 1 820.

A/'
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0*123 M ;
or taking; the intensity of the magnets 1, for each

degree of increase in temperature we should have a decrease of

intensity of 0*000564. iNow if the same, or nearly the same,
take place with all magnets, it is evidently necessary, in all

cases where the tjerrestrial magnetic intensity is to be deduced
from the vibrations of a needle, that great care should be taken
to make the observations at the same temperature ; or, the pre-
cise effect of change of temperature having been previously
ascertained, to correct the observations according to the differ-

ence of the temperatures at which they were made. I am not
aware that any one has yet attempted to make such a correction

;

but it is manifest from the experiments I have described, that it

is indispensible, in order to deduce correct results from the times

of vibration of a needle in different parts of the earth, where the

temperatures at which the observations are made are almost

necessarily different, that these temperatures should be regis-

tered, and the times of vibration reduced to a standard of tem-

perature. It appears to me, that the eftects will be the most
sensible in large and powerful needles

;
and consequently, in

making use of such, the reduction for a variation of temperature
will be most necessary. There would be no difficulty in this

reduction, if we could give in terms of the intensity of any mag-
net the increment or decrement of intensity corresponding to a
certain decrement or increment of temperature at all tempera-
tures. To determine this accurately would however require a

great variety of experiments to be made with magnets of very
different intensities

;
but as I have not made these, I must con-

tent myself for the present with pointing out some of the facts

which I have ascertained from more extended experiments than

those I have already given, reserving the detail of these experi-
ments for another opportunity, should they be deemed of suffi-

cient interest.
" These experiments were made with a balance of torsion, the

needle being suspended by a brass wire ^-f^- inch in diameter :

by them 1 ascertained the following facts :

'^
1. Commencing with a temperature

— 3° Fahrenheit, up
to a temperature 127*^, as the temperature of the magnets
increased, their intensity decreased. Owing to the almost total

absence of snow during the winter, I was unable to reduce

lower the temperature of the large magnets which I made use of;

but from an experiment I made at the Royal Institution, iu

conjunction with Mr. Faraday, in which a small magnet, enve-

loped in lint well moistened with sulphuret ofcarbon, was placed
on the edges of a basin containing sulphuric acid, under the

receiver of an air pump, I found that the intensity of the magnet
increased to the lowest point to which the temperature was

reduced, and that the intensity decreased on the admission of

air into the receiver, and consequent increase of temperature in
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the magnet. This is in direct contradiction to the notion which
has been entertained of destroying the magnetism of the needle

by the application of intense cold.
" 2. With a certain increment of temperature, the decrement

of intensity is not constant at all temperatures, but increases

as the temperature increases.
" 3. From a temperature of about 80° the intensity decreases

very rapidly as the temperature increases : so that, if up to this

temperature, the differences of the decrements are nearly con-

stant, to ascertain which requires a precision in the experiments
that perhaps their nature does not admit of, beyond this temper-
ature, the differences of the decrements also increase.

" 4. Beyond the temperature of 100°, a portion of the power of

the magnet is permanently destroyed.
'* 5. On a change of teinperature, the most considerable por-

tion of the effect, on the intensity of the magnet, is produced
instantaneously ; showing that the magnetic power resides on

or very near the surface. This is more particularly observable

when the temperature of the magnet is increased, little change
of intensity taking place after the first effect is produced ;

on

the contrary, when the temperature of the magnet is diminished,

although nearly the whole effect is produced instantly, yet the

magnet appears to continue to gain a small power for some
time.
' "

6. The effects produced on unpolarized iron by changes of

temperature are directly the reverse of those produced on a

magnet ;
an increase of temperature causing an increase in the

magnetic power of the iron, the limits between which 1 observed

being 50° and 100°. That the effect on iron of an increase of

temperature should be the reverse of that produced on a magnet,
is, 1 think, a strong argument against the hypothesis, that the

action of iron upon the needle arises from the polarity which is

communicated to it from the earth.
'^ It may be objected to the method which I have adopted

for determining the diurnal changes in the terrestrial magnetic

intensity, that, after the observations have been made, they

require a correction for temperature, which can only be deter-

mined by experiments previously made on the magnets and

needle employed. The same objection may, however, be made

against the method of determining the intensity by the vibra-

tions of a needle. As such a correction has not in the latter

case been hitherto applied, the results which have been obtained

relative either to the diurnal changes of intensity, or the intensi-

ties in different parts of the earth, by means of observations on

the vibrations of a needle, will be so far incorrect as the needle

may happen to have been affected by differences in the temper-
ature. The method I have described, however, possesses

advantages over the other : a very considerable one is, that
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whatever eflfects are produced may easily be observed with con-
siderable precision, the time required for each observation being
not more than five minutes ; another is, that, the magnets being
immersed in water, as far as regards them, we may command
the temperature at which the observations are to be made, and
thus limit the correction for temperature to a very small quan-
tity ;

and it possesses another decided advantage, that whatever
are the effects produced on the needle by atmospheric changes,

they are, by means of it, rendered immediately visible, and can
be observed as they occur."

II. The Croonian Lecture, On the Existence of Nerves in the

Placenta. By Sir E. Home, Bart. VPRS. (See Annals for

January last.)

III. Observations on the Changes the Ovum of the Frog under-

goes during the Formation of the Tadpole. By the same Author.
" In the year 1822,'' Sir Everard observes,

'*
i laid before the

Society a series of observations on the progress of the formation

of the chick in the egg of the pullet, illustrated by drawings
from the pencil of Mr. Bauer, showing that in the ova of hot-

blooded animals, the first parts formed are the brain and spinal
marrow. I have now brought forward a similar series on the

progress of organization in the ova of cold-blooded animals,
illustrated in the same manner by microscopical drawings made

by the same hand."

By comparing together the first rudiments of organization
in the ova of these very distinct classes of animals, he shows

that in both the same general principle is employed in the

formation of the embryo, although the respective ova are

not composed of similar parts. Those of the frog, which have

been selected for this investigation, being found to have no

yelk.
IV. A general Method of calculating the Angles made bt/ any

Planes of Crystals^ and the Laws according to which they are

formed. By the Rev. W. Whewell, FRS. Fellow of Trinity

College, Cambridge.
*'

It has been usual," Mr. Whewell states in the commence-
ment of this paper,

" to calculate the angles of crystals and

their la^s of decrement from one another, by methods which

were different as the figure was difterently related to its nucleus;
which were consequently incapable of any general expression or

investigation, and which had no connexion with the notation by
which the planes of the crystals were sometimes expressed.
And the notation which has hitherto been employed, besides

being merely a mode of registering the laws of decrement,
without leading to any consequences, is in itself very inelegant
and imperfect. The different modes of decrement are expressed

by means of different arbitrary symbols ;
and these are combined

in a manner which in some cases, as for instance in that ofinter-
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mediary decrements, is quite devoid both of simplicity and of

uniformity, and indeed, it may be added, of precision. The

object of the present paper is to propose a system which seems

exempt from these inconveniences, and adapted to reduce the

mathematical portion of crystallography to a small number of

simple formulae of universal application. According to the

method here explained, each plane of a crystal is represented by
a symbol indicative of the laws from which it results

;
the sym-

bol, by varying the indices only, may be made to represent any
law whatever : and by means of these indices, and of the primary
angles of the substance, we obtain a general formula, expressing
the dihedral angle contained between any one plane resulting
from crystalline laws, and any other. In the same manner we
can find the angle contained between any two edges of the

derived crystal. Conversely, knowing the plane or dihedral

angles of any crystal, and its primary form, we can by a direct

and general process deduce the laws of decrement according to

which it is constituted. The same formulae are capable of being
applied to the investigation of a great variety of properties of

crystals of various kinds, as will be shown in the sequel. We
shall begin with the consideration of the rhomboid, and the

figures deduced from it; and we shall afterwards proceed to

other primary forms.''

We cannot transfer to our pages the formulae, occupying ten

sections, in which the author proceeds to develope his method ;

and must, therefore, refer the student in crystallography to the

Transactions for them.
Article V. is Dr. Roget's Explanation ofan Optical Deception,

already given in the Annals for August last.

VI. On a new Photometer
y
with its Application to determine

the relative Intensities of Artijicial Light, S^x. By William

Ritchie, AM. Rector of the Academy at Tain : communicated

by the President.

The accuracy of Mr. Ritchie's photometer is founded, he

states,
" on the axiom, that equal volumes of air are equally

expanded by equal quantities of light, converted into heat by
absorption by black surfaces : and also on the well established

principle that the quantity of light diminishes as the square of

the distance of the luminous source from the object on which it

is received. *

" The instrument [of which a plate is given] consists of two

cylinders of planished tin plate from 2 to 10 or 12 inches in

diameter, and from a quarter of an inch to an inch deep. One
end of each cylinder is inclosed by a circular plate of the same
metal soldered completely air tight, the other ends being shut

lip by circular plates of the finest and thickest plate glass, made

perfectly air tight. Half way between the plates of glass and
the ends of t!ie cylinders, there is a circular piece of black
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bibulous paper for the purpose of absorbing the light which

permeates tne glass, and instantly converting it into heat.
" The two cylinders are connected by small pieces of thermo-

meter-tubes which keep them steady with their faces parallel to

each other, but turned in opposite directions, and also serve to

make the insulation as complete as possible. The chambers are

then connected by a small bent tube in the form of the letter U,

having small bulbs near its upper extremities, and containing a
little sulphuric acid, tinged with carmine. The instrument is

supported upon a pedestal, having a vertical opening through
the stem to allow the glass tube to pass along it, and thus secure

it from accidents.
" The accuracy of the instrument evidently depends upon the

perfect equality of its two opposite ends. To ascertain if it be

accurately constructed, place it between two steady flames, and
move it nearer the one or the other till the liquid in the tube

remains stationary, at the division of the scale at which it for-

merly stood. Turn it half round without altering its distances

from the flames, and if the liquid remains stationary at the same

division, the instrument is correct. To show the extreme deli-

cacy of the instrument, place it opposite a single candle, and it

will be sensibly affected at the distance of 10, 20, or 30 feet,

provided it be of sutficient diameter, whilst it will not be sensi-

bly acted upon at the same distance by a mass of heated iron

aribrding twenty times the quantity of heat. In order to cut off'

effectually the influence of mere radiant heat, I sometimes use

screens composed of two plates of glass, placed parallel to each

other, with a quantity of water interposed.
'^ Place the instrument between any number of steady lights

whose intensities are known, as for example, between four wax
candles opposite one end, and one candle opposite the other,
and move the photometer till the fluid remain stationary at the

division where it formerly stood, and it will be found that the

distances are directly as the square roots of the number of

candles
;
or in other words, that the intensities of the lights will

be inversely as the squares of the distances. If gas lights be

employed, having burners capable of consuming known quanti-
ties of gas in equal times, and the photometer be placed between

them, so that the eflfect upon the air in each chamber shall be

the same
;

it will be found that the quantities of gas consumed

by each will be exactly proportional to the squares of the

distances of their respective flames from the ends of the photo-
meter."

VII. The Description of a Floating Collimator, By Capt.

Henry Kater, FRS. (See Anmlsiov Feb. 1825, p. 143.)

VIII. Notice on the Jgua?iodon, a newii/ discovered Fossil

Reptile, from the Sandstone of Tilgaie Forest, in Sussex. By
Gideon Mantell, FL. & GS. : in a Letter to Davies Gilbert,

Esq. MP. VPRS. (See Annals for March, 1825, p. 228.)
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• IX. A?i Eocperimentcl Impiiry into the Nature of the Radiant

Heating Effeels from Terrestrial Sources, By Baden Powell,
MA. FRS.^ (See Annals for March, 1825, p. 224 ;

and for May,
1825, p. 360.) E. W. B.

Article XL

Proceedings of Philosophical Societies,

ROYAL SOCIETY.

The Royal Society resumed its sittings on the 17th of Nov.
when the name of Major-Gen. Sir Benjamin D'Urban, Lieut.-

.Governor of Demerara, who had been elected a Fellow in the

course of the last session, was ordered to be inserted in its

printed hsts
;
and the following papers were read :

—
On the Changes that have taken place in some ancient Alloys

of Copper, in a letter from John Davy, MD. FRS. to Sir Hum-
phry Davy, Bart. Pres. RS. In this letter, Dr. Davy, who is

pursuing a train of scientific researches in the Mediterranean,
describes the effects which time and the elements have produced
on various Grecian antiquities. The first he examined was a
helmet of the antique form found in a shallow part of the sea

between the citadel of Corfu and the village of Castrartis, which
was partly covered with shells and with an incrustation of car^

bonate of lime. Its entire surface, as well where invested with

these bodies as where they were absent, presented a mottled

appearance of green, white, and red. The green portions con-
sisted of the submuriate and the carbonate of copper, the white

chiefly of oxide of tin, and the red of protoxide of copper in

octahedral crystals, mingled with octahedrons of pure metallic

copper. Beneath these substances the metal was quite bright,
and it was found by analysis to consist of copper, and 18*5 per
cent, of tin. A nail of a similar alloy from a tomb at Ithaca,
and a mirror from a tomb at Samos, in Cephalonia, presented
the same appearances, but in less distinct crystallization : the

mirror was composed of copper alloyed with about six per cent,

of tin, and minute portions of arsenic and zinc. A variety of

ancient coins, from the cabinet of a celebrated collector at

Santa Maura, presented similar appearances, and afforded corre-

sponding results
; the white incrustations being oxide of tin, the

green consisting of carbonate and submuriate of copper, and the

red of the protoxide of the same metal ; some having a dingy

appearance arising from the presence of black oxide of copper

mingled with portions of the protoxide. Dr. Davy was unable

to detect any relation between the composition of the respective
coins and their state of preservation, the variations in this

respect which they presented appearing to arise rather from the

circumstances under which they had been exposed to the raine-

Neio Series, vol. x. 2 h
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ralizing agents. In conclusion, Dr. Davy observed, that as the
substance from which these crystalline compounds had been

produced could not be imagined to have been in solution, their

formation must be referred to an intimate motion of its particles,
effected by the conjoint agency of chemical affinities, electro-

chemical attraction, and the attraction of aggregation. He
suggested the application of this inference to explain various

phaenomena in mineralogy and geology.
Observations on the apparent Positions and Distances of 468

Double and Triple Fixed Stars, made at the Observatory at

Pasy, near Paris, during the Summer of 1825. By James South,

Esq. FRS.
Nov. 24.—At this meeting a paper was read On the Compa-

rison and Adjustment of the New Standards of Weights and
Measures. By Capt. H. Kater, FRS.

LINNEAN SOCIETY.

JVbv. 1 and 15.—At these meetings a paper was read, enti-

tled,
'* Observations on the unimpregnated Vegetable Ovulura,

and on the Nature of the Female Flower in Coniferae and Cyca-
deae." By Robert Brown, Esq. FRS. FLS. &c.

ASTRONOMICAL SOCIETY.

Nov, 11.—^The Society resumed its sittings this evening:
and the President took the opportunity of calling the attention

of the members to the remarkable circumstance of the appear-
ance of no less than four comets during the recess : an occur-

rence unparalleled in the history of astronomy. The Jirst of

these (he observed) was discovered by M. Gambart, at Mar-

seilles, on May 19, in the head of Cassiopea. The second by
M. Valz, at Nismes, on July 13, near % Tauri. The third by
M. Pons, at Florence, on Aug. 9, in Auriga. The fourth
(which was the most interesting and important of the whole,
Bince it had been the object of solicitude at every observatory,
and was anxiously expected and looked after by every astro-

nomer) was discovered about July or August last. The
President remarked this last comet (which is better known

by the name of the comet of Encke) has now made 13 revo-

lutions within the last 40 years : six of which have been regu-

larly observed by astronomers. It was first seen in 1786;
afterwards in 1795, 1805, 1819, 1822, and in the present year.
It makes a complete revolution in about 1207 days, or about 3^

years.
A paper was read, on the latitude of the Royal Observatory

of Greenwich, by the Astronomer Royal. The co-latitude of

this observatory, as computed from Dr. Bradley's observations

tinder the direction of Dr. Maskelyne, is 38° 3K 22'',0 ;
a de-

termination which is subject to the sum or the difference

of two separate errors, one, in determining the zenith distance
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of y Draconis, the other, in the measure of the distance of that

star from the pole.
After the new mural circle was erected in 1812, another

attempt was made to determine this important element, the
result was 38° 2V 2V\b\ a result, however, in which it was

thought probable that an error of half a second might exist.

In the year 1822 a new method of observing was introduced
at Greenwich, by means of the reflected images of stars from
an artificial horizon. To apply this to the determination of the

element in question, by comparing two catalogues, one formed

by direct vision, the other by reflection
;
that co-latitude being

assumed to be the true one which made the sum of the small

positive and negative differences equal to 2:ero; and that was found
to be 38° 3F 21'', differing by one second from the determi-
nation furnished by Bradley's observation. This result, how-
ever, may involve an error of from a quarter to half a second,
which subsequent observations may diminish.

The same paper includes some remarks on observations upon
the pole-star, and an interesting circumstance, which is this :—
The undulation to which a mass of mercury is hable, even
with the greatest care, is, in itself considered, unfavourable to the

exact bisection of an image ;
but a circumstance occurs in the

formation of the image in the telescope, which, in some mea-

sure, compensates the inconvenience. The vibrations of the

mercury in a longitudinal trough, occasion an elongated image
of the star in the direction of the wire, appearing like a suc-

cession of stars which become smaller and smaller, as they
recede from the central undefined mass, exhibiting an appearance
like beads threaded on the wire, which is extremely favourable

to bisection.

The elements of one of the comets above-mentioned, were
announced to the Society, as computed by Mr. Taylor, sen.,
and Mr. Taylor, jun. of the Royal Observatory, and M. Ca-

preci, of Naples. They are respectively, as below.

Passage of perihelion <

Longitude of ditto . . . .

Longitude of g3
Inclination of orbit. . , .

Perihelion distance. . . .

Motion

Taylor, sen.

Dec. lOa-9338

Greenwich. M.T,
3 ISO 3/ 57//

35 46 58
33 20 40

1-22951

Retrogade.
From 3 observ.

Taylor, jun.

Dec. lOd-4559
Greenwich. M.T,
319" 10' 26"
35 45 36
33 30 42

1-24633

Retrograde.
From 3 observ.

Capreci.

Dec. 8d-895

Naples. M.T.
317° 24' 40"
35 19 50
32 44 20

1-20808

Retrograde.
From 4 observ.

A letter was read from Mr. R. Cornfield, a member of the

Society, to Dr. Gregory, describing an appearance noticed by
him with a Gregorian reflector, power 350, and by Mr. J.

Wallis, the lecturer on astronomy, with a Newtonian tele-

2 h2
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scope, power 160, in reference to the occultatidn of Saturn on
Oct. I^Oth. To each of them that part of the ring of Satwii
which last emerged from the moon's dark limb (neither of them
could observe the immersion) was rendered sensibly more

obtuse, and at the instant after separation approximating to a
rectilinear boundary. At the emergence of the eastern limb

of the glot)e of Saturn, a similar effect was observed by Mr.

Comfierd, but not by Mr. Wallis.

A paper was next read, on the determination of latitudes

by observations of azimuths and altitudes alone, by M. Lit-

trow, Assoc. Ast. Soc. This paper includes the consideration

of four casfes. In the 1st, the latitude is computed from the

observed azimuth and altitude. In the 2d, two observed alti-

tudes are taken, and the two instrumental azimuths at the

same respective moments
;
and the latitude is found from the

corrected altitudes, and the difference of the azimuths, with

the addition of an approximate latitude. In the 3d case, three

observed latitudes, and three corresponding azimuths, or two
azimuthal differences, are required ;

and the latitude is thence

determined. In a 4th case, the problem is solved by means
of a watch instead of an azimuth circle

;
there are supposed

given, the time of culmination only within half or three quar-
ters of an hour, three altitudes taken within that distance of

the meridian, and their intervals in time
;
to find the true lati-

tude. The solutions to all the four cases are exceedingly

simple, and the resulting formulae admit of the utmost facility

of application.

Lastly, there was exhibited to the Society, a model of one of

the large Reflecting Telescopes, made by Mr. John Ramage,
of Aberdeen, and of the stands, frame, and mechanism, for

facilitating its motions and adjustments. The reading of a

descriptive paper by Mr. Ramage, was also commenced ;
but

its termination was postponed until the December meeting.

MEDICO-BOTANICAL SOCIETY.

Oct. 14.—^This being the first meeting of the Society after the

recess, the Director (Mr. Frost) delivered an introductory dis-

course, describing the objects of the Society, &c.

A Report of the various medicinal plants now in flower in the

gardens and stoves round the metropolis, was read.

Some fine specimens of several species of Nicotiana, presented

by Mr. Anderson, were exhibited.

'Nov. 11.—At this meeting, M. C. Friend, Esq. FRS. who had

just returned to England from Sierra Leone and Demerara,
announced to the Society that he had collected during his

voyage many kinds of bark, seeds, &c. used by the natives of

Cape Coast and Accra, as medicines, which he announced his

intention of presenting at the next meeting.
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Some observations were made on the properties of the prepa-
rations ofiodine, from which it appeared that very untoward symp-
toms had ensued in several cases in which they had been

employed to lessen glandular swelhngs.
The Director read some remarks on the use of the pulp of

Adansonia digitata as an article of the Materia Medica.

SOCIETY OF PHYSICIANS OF THE UNITEJC) KINGDOM.

At a meeting of the Society of Physicians of the United

Kingdom holden Nov. 2, the following officers were elected for

the ensuing year :
—

President,—Dr. Birkbeck.
^,

Treasurer,—Dr. Clutterbuck.

Secretary.
—Dr. Shearman.

Communications, whether from members or others, addressed
to the Secretary, No. 30, Northampton-square, will be submitted
to the consideration of the Society, and the most interesting and

important of them selected for publication, as soon as sufficient

materials shall be collected to form a volume.

Article XII.

SCIENTIFIC NOTICES.

Chemistry.

1 . Analysis of the Ashes of the Coal of Anzin. By M. Feneuille.

M. Feneuille's analysis of these ashes gave him percent.

^,u Sulphuret of calcium 0*02

Sulphate of lime 1*19

Silica 43-92

Alumina 28-88

Protoxide of iron 1 7*38

Oxide of manganese 1-86

Carbonate of lime 3*18

Magnesia 0*90

Sulphates of soda, alumina, iron, and

magnesia 0*50

97-83

(Bullet, des Sciences.)

2. Table of Equivalents.

The following numbers should be substituted for those given
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in the Table of Equivalents, inserted in the Annals for October
Jast.

Acid, fluoboric 34
iodic 164

Ammonia, fluoboratc 61
iodate 181

Barium, io<lide 194

Iridium, cliloride 66

Manganese, chloride ..,.>,,.... 64

Mercury, iodide 324

Soda, tartrate ofpotash 212

Zoology.

3. Letterfrom Mr, Dillwyn to Mr, Gray,
MY DEAR SIR,

I send you a letter I have just received from Mr. Dillwyn,
which may prove interesting to some of your readers. Do me
the favour to insert it amongst your Notices. Yours truly,

J, G, Children, Esq. J. E. Gray.

DEAR SIR, Athenmm, Nov. 21, \S25.

In the last breeding season, my gamekeeper at Pentlergare
killed a Hen Harrier when sitting on her eggs ;

and being in-

formed of the circumstance 1 directed him to watch for the

arrival of her mate, which was shortly afterwards shot as he

alighted on the side of the nest. It proved, as I expected, to

be a Ringtail ;
and this, as well as many other observations

which I have made, is sufficient to dispel the prevailing doubt

which you mentioned of these birds being more than the male

and female of the same species.
I am, dear Sir, yours truly, L. W. Dillwyn.

Miscellaneous.

4. Private Tuition.

The Rev. J. B; Emmett, of Great-Ousebum, near Borough-
bridge, in Yorkshire, a gentleman well known to our readers

by his many valuable papers published at various times in

the Annals of Philosophi/, proposes taking three or four

pupils to be instructed in every branch of mathematics and

philosophy ;
their course of study will be the same as that

pursued at Cambridge, and elucidated with suitable apparatus ;

and those who have sufficiently advanced in mathematical

knowledge, will have the use of a complete astronomical ob-

servatory ; they will also have the advantage of access to a

select
library.

Candidates for Holy Orders will be instructed

in the Classics and Theology.

5. Developement of Electricity by Muscular Contraction,

Since the discovery of electricity, the most distinguished

philosophers have concurred in regarding it as the principal
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agent in some of the most important phenomena of animal Ufe.

Their opinion, however, for a long time seemed to be supported
rather by analogy than by direct evidence. Comparatively but
a few months have elapsed, since two Swiss physiologists,
Prevost and Dumas, proved that muscular contractions in

whatever manner exerted, whethei: mechanically or chemically,
are invariably accompanied by a developement of electricity.
It still remained to be decided whether this electricity be

necessarily present as the essential cause, or merely as, an ac-

cidentally associated phenomenon. The following experiments
seem to carry us a step further towards the decision of the

question.
Dr. Edwards has investigated the effects produced by touch-

ing a nerve in a manner which had been but little attended to.

It consists in passing a solid body along a nerve, in the same
manner in which we pass a magnet along a bar of steel which
we wish to magnetize; he conducts the experiment in the

following manner. He lays bare the sciatic nerves of a frog
in that part of their course in which they are situated on the

sacrum, leaving unimpaired their connection with the spinal

marrow, and with the muscles to which they are directed.

He removes the skin from the posterior extremities, that the

movements of the muscular fibres may be visible, and intercepts
vohtion by dividing the spinal marrow just below the head;
he then places under the nerves a slip of oiled silk, by which

they are raised and supported on a level with the bone. If a

metaUic rod be now drawn lightly along the denuded nerve, in

the mode above-mentioned, muscular contractions will be
excited. This effect is produced whatever be the metal em-

ployed. It is not even necessary that the rod should be me-
tallic. Horn, glass, ivory, or any other solid body will answer
the purpose, but their influence is by no means the same.

Though Dr. Edwards clearly ascertained this fact, continual

variations in the irritability of the animal precluded the pos-

sibihty of establishing a scale. The Doctor then substituted

for the oiled silk, which is a very complete non-conductor of elec-

tricity, a slip of muscle perfectly similar as to form and size, but

which, it will be remarked, is an excellent conductor. A re-

petition of the contact now no longer caused contractions, or

at most they were extremely feeble.

In the first experiment, the
electricity developed by the

contact of the nerve is retained, and its influence is concen-

trated on the nerve itself. In the second case, the electricity is

abstracted. If the presence of electricity were merely ad-

ventitious. Dr. Edwards thinks that the same mechanical

excitation ought in both cases to produce the same effect
;
but

the difference is decided. He therefore concludes that elecj

tricity is essential to muscular contraction.
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Article XIII.

NEW PATENTS.

T. Steele, Magdalen College, Cambridge, for improvements in the
construction of diving bells.—Oct. 28.

J. and S. Seaward, Poplar, engineers, for an improved method of

propelling boats, craft, and all kinds of vessels, on canals, rivers, and
other shallow waters.—Nov. 1 .

W. Ranyard, Kingston, tallow chandler, for a circumvolution brush
and handle.—Nov. 1.

V. Royle, Manchester, silk manufacturer, for improvements in the

machinery for cleaning and spinning of silk.—Nov. 1.

J. I. Hawkins, Pancras Vale, civil engineer, for improvements on
certain implements, machines, or apparatus, used in the manufacturing
and preserving of books, whether bound or unbound.—Nov. 1.

J. and W. Ridgway, both ofthe Staffordshire Potteries, manufactu-
rers of china, stone, and earthenware, for an improved cock tap or

valve, for drawing off liquors.
—Nov. 1.

T. Seaton, Bermondsey, shipwright, for improvements on wheeled

carriages.
—Nov. 7.

G. Hunter, Edinburgh, clothier, for an improvement in the construc-

tion, use, and application of wheels.—Nov. 7.

T. S. Brandreth, Liverpool, for an improved mode of constructing
wheel carriages.

—Nov. 8.

S. Brown, Old Brompton, Middlesex, for improvements in machinery
for manufacturing casks and other vessels.—Nov. 8.

W. E. Cochrane, Regent-street, for improvements in cooking appa-
ratus.—Nov. 8.

J. W. Hiort, Office of Works, Whitehall, architect, for an improved
chimney or flue, for domestic and other purposes.—Nov. 8.

C. L. Girtfud, Lyons, France, for a chemical substitute for gall nuts

in all the different branches of the arts or manufactures in which gall
nuts have been accustomed or may hereafter be used.—Nov, 8.

J. Wilks, tin-plate worker, and J. Erroyd, grocer, both of Rochdale,
Lancashire, for an engine for cutting nails, sprigs, and sparables, on
an improved system.

—Nov. 8.

J. J. A. McCarthy, Pall Mall Place, Westminster, for improved
pavement, pitching, or covering, for streets, roads, ways, and places.

—
Nov. 10.

B. Cook, Birmingham, brass founder, for a new method ofrendering

ships' cables and anchors more secure, and less liable to strain and

injury while the vessel lays at anchor.—Nov. 10.

B. Cook, Birmingham, brass founder, for improvements in the bind-

ing of books and portfolios ofvarious descriptions.
—Nov. 10.

J. G. Deyerlein, Mercer-street, Middlesex, smith and tool maker,
for improvements on weighing machines.—Nov. 10.

S. Parker, Argyle-street, Middlesex, bronze and iron founder, and

W. F. Hamilton, Nelson-street, Long-lane, Surrey, engineer, for a

certain alloy or alloys of metals.—Nov. 1 2.



1825.] Mr, Howard's Meteorological Journal, 473

Article XIV.

METEOROLOGICAL TABLE.
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REMARKS.

Tenth MontJu—1. Cloudy. 2, S. Rainy in the mornings. 4. Fine. 5. Cloudy
and fine. 6. Cloudy: night stormy. 7. Cloudy and fine. 8. Fine. 9. Cloudy.

10—12. Fine. 13. Fine: a s/ra/«s on the marshes. 14. Fine. 15. Fine: foggy at

night. 16. Foggy morning : very fine day. 17, 18. Cloudy. 19. Rainy. 20. Fine:

alitdesnowatfour, p.m. 21—28. Fine. 29. Cloudy. 30. Cloudy. 31. Fine.

RESULTS.

Winds: N,4; SE,5; S, 2; SW, 7; W, 4; NW, 9.

Barometer : Mean height

For the month 30*1 18 inches.

Thermometer: Mean height

For the month 5M29*

Evaporation , , goi in,

Rain 8.27

Laboratoryf Stratford^ Eleventh Month, 19, 1825. R. HOWARD.
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Blastoidea, Sil.

Boner, Mr. C. on the variation of the

compass and the revolution of the mag-
netic pole, 1 .

Books, new scientific, 77, 156, 237, 317,
397.

.

analyses of, 62, 1 38,

220, 306, 452.

Boracic acid in lava ? 384.

Borax, 125.

Boroauates, 123.

Boron, 128.

chloride of, 129.

sulphuret of, 129.

Botany, 67.

Bowlders, 29.
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Brewster, Dr. on levyne, 75.

. Mr. Brooke on his observa-

tions concerning tlie crystalline forms of

^ sulphate of potash, 830.

Brisbane, Sir T. his astronomical observa-

tions, 70.

Brooke, H. J. Esq. on sulphato-tri-carbo-
nate of lead, 232--on latrobite, 235—
on Dr. Brewster's observations concern-

ing the crystalline forms of sulphate of

potash, 330.

Buckland, Prof, on tiie discovery of the

anoplotherium commune in the Isle of

Wight, 360.

Calyptrsea, on its animal, 153.

Carbon and iodine, a compound of, 1 4.

Carbonate of soda, prismatic, 442.

Carbono-phosphate of soda, 38 1 .

Carver, Dr. S. D. on the fall ofa meteoric

stone in North America, 186.

Caryocrinites, 310.

Chemical equivalents, table of, 293, 469.
—— •

phasnomena, M. Ferre, on tlie

application of the electro-chemical

theory to, 262.

; • -
philosophy, i\Ir. Emmett on its

mathematical principles, 372.

Chemistry, 14, 15, 66, 72, 113, 115,

116, 130, 135, 138, 155, 180, 190,

230, 233, 251, 262, 284, 293, 298,

304, 344, 352, 363, 372, 381, 401,

416, 432, 435, 447, 465, 469.

Chinese, the, on their manner of forming
artificial pearls, 389.

Chloride of boron, 129.

Christie, S. H. Esq. abstract of his paper
on the effects of temperature on magne-
tism, 452.

Christison, Dr., Mr. Phillips's remarks on

his memoir on the detection of arsenic,

288.

Dr. R. and Turner, Dr. E. on

oil and coal gas, 190.

Chronometrical observations, Dr. Tiarks's,
224.

Cirripedes, on the genera of, 97.

Cloth, &c. process for rendering it imper-
vious to water, 1 55.

Coal gas, 190.

Coates, Dr. R, on the float of ianthina,
385.

Cobaltiferous seleniuret of lead, 287.

Colours, crayon, on a method of Axing,
236.

Combustion, Dr. IM'Keever on the in-

fluence of solar light on, 344.

Compression of the earth, 224.

Copernicus, 76.

Copper, seleniuret of, 288, 289.

Copper sheatliing of ships, papers respect-

ing Sir H. Davy's methotl of protecting,
15, 66, 281.

Crayon colours, on a method of fixing,
236.

Crocodile, fossil, 154.

Crystals, JMr. Whewell's method of calcu-

lating their planes, 462.

D.

Dalton, J. Esq. on indigo, 73—on the

analysis ofatmospheric air by hydrogen,
304.

Davies, Mr. J. oh flame, 447.

Davy, Sir H. papers respecting his metiiod

of protecting the copper sheathing of

ships, 15, 66, 281.

Dr. J. notice of his paper on ancient

alloys of copper, 465.

De la Beche, H. T. Esq. on the diluvium
of Jamaica, 54—on the temperature of

the surface water of the Atlantic, 333,
Del Rio, M. Andre, analysis of an alloy

of gold and rhodium, 25 1 .

Denudation, 19.

Detritus, diluvial, 21.

Dewey, Prof, on flexible marble, 313.

Dillwyn, L. W. Esq. on the geological
distribution of fossil shells, 225.

Diluvial formations, 18.

Diluvium of Jamaica, 54.

Dillwyn, Mr. letter to Mr. Gray on the

hen harrier and ringtail, 470.

Donovan, IMr. on the preparation of pure
potash, 72—his filtering apparatus,
115.

E.

Earth, compression of the, 224.

Echinida, Mr. Gray on their division into

natural families, 423.

Elasticity and strengUi of steel, i\fr. Tred-

gold's experiments on, 220.

Electricity developed by muscular con-

traction, 470.

Electro-chemical theory, M. Ferre, on its

application to chemical phenomena,
262.

Elks, fossil, 15.'}.

Emmett, Rev. J. B. on the mathematical

principles of chemical philosophy, 372—observations on the planet Venus, 4 1—on tiie solar spots, 4 1 5—private phi-
losophical tuition by, 470.

Equivalents, chemical, table of, 293, 469.

Evaporation, 396.

Eyes, the, their apparent direction in a

portrait, 63.
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Falling star, 76.

Faraday, IMr, on a compound of iodine

and carbon, 15—on the formation of

ammonia, ^2S0.

Ferre, M. on tlie application of the elec-

trochemical theory to chemical phaeno-

mena, 26<^.

Filtering apparatus, 1 1 5.

Flame, Mr. Davies on, 447.

Flisk, Rev. P. on the petrifactions of

Mount Carmel, 312.

Fluoborates, l'-23.

Flnoboric acid, 122.

Forge scales, M. Berthier on, 130.

Formations, alluvial, 18.
•

diluvial, 18.

freshwater, 360.

Fossil shells, Mx. Dillwyn on their geolo-

gical distribution, 225.

Fowler, Dr. S. on new American minerals,
314.

Freshwater formations, 360.

G.

Geoffroy St. Hilaire, M. on the umbilicus

ofmarsupial animals, 235.

Geology, 18, 54, U9, 154, 225, 229,

360,431.

Giesecke, Sir C. on beryl, 74.

Gmelin, M. his analysis of latrobite, 235
—of lepidolite, 3 1 5—of helvin, 3 1 5.

Gold and rhodium, alloy of, M. Del Rio,

on, 251.

Gray, J. E. Esq. on the genus Ursus of

Cuvier, 59—on'the genera of Cinipe-

des^ 97—on Helix hortensis^ and on

//. nemorulis^ 152—on the animal of

Argonauta^ 152—on the animal of

Caltjptrcra^ 1 53—on the genus Plagios-

toma, 153—on the genera of Rtpiiles
and Amphibia, 193—on the teeth of

the Koala, 235—on the synonyma of

Anomia and other genera, 241—on

Lamouroux's division of the animal

kingdom, 3 1 5—on the horn of plenty,
316—on the natural disposition of the

Mammalia, 337—on some newly de-

scribed British shells, 387—on the Chi-

nese manner of forming artificial pearls,
309—attempt to divide the Ecliinida

into natural families, 423—letter from
3Ir. Dillwyn to, 470.

Greenwich observations, 390.

H.

Haloes, light of, 395.

Hansteen, Prof, on a falling star seen at

mid-day, 76.

Harlan, Prof, on the circulating system of

Saurians, 385—on the vertebrae of rep-
tiles and amphibia, 386.

Ilaussmann, M. and M. Stromeyer, on
seleniuret of lead, 'i^H.

Hennah, Rev. R. notice of his paper on a
cave in the Plymouth limestone, 149.

Henry, IM. jun. on the reciprocal action of

hydrosulphuric acid and carbonic acid
on the carbonates and hydrosulphates,
381.

Hcrapath, Mr. on a mathematical solu-

tion, 154.

Herries, Mr. J. his suggestions for an im-

proved construction in the air-pump,
301.

Herschell, J. F. W. Esq. notice of his pa-
per on the serpentine of Predazzo, 150.

Herschelite, a new mineral, 3G1 .

Home, Sir E. abstract of his paper on the

axolotl, 228.

Horsfall, Mr. on Sir H. Davy's mode of

protecting the copper of ships, 17.

Howard, Messrs. their meteorological ta-

bles, 79, 159, 239, 319, 399, 473.

Hydracids, Dr. Berzelius on, 180.

Hydrate of magnesia, 232.

Hydrogen gas, Mr. rlainy on its specific

gravity, 135—Dr. Thomson's reply
to Mr. Rainy, 352.

Hygrometer, 47.

lanthina, Dr. Coates on the float of, 385.

Indigo, determination of its value, 73.

Iodine and carbon, a compound of, 14.

J.

Jamaica, diluvium of, 54.

K.

Kingdom, J. Esq. notice of his paper on
fossil bones, 229.

Koala, Mr. Gray on its teeth, 235.

Latrobite, 235.

Lava, boracic acid in, ? 384.

Lead, seleniuret of,, 286.
' seleniuret of, cobaltiferous, 287.

with seleniuret of cop-

per, 288, 289.

with seleniuret ofmer-

cury, 290.
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Lead, seleniuret of, MM. Stromcyer and
Uaussmann on, 233.

sulphato-tri-carbonate of, 232,

lieases, on the value of, 3S5.

Lepas aiiatifera, 17.

Levy, M. A. on two new minerals, her-

schelite and phillipsite, 361.

Levyne, a new mineral, 75.

Light of haloes, 395.

Luminous snow-storm, 154.

Lyell, C. Esq. notice of his paper on a

dyke of serpentuie cutting through sand-

stone, 149—notice of his paper on qua-
drupeds imbedded in recent alluvial

strata, 229,

N.

Natural philosophy, 1, 44, 63, 69, 81,
107, 151, 164, 218, 220, 258, 262,
268, .SOI, 333, 394.

Naval improvement, CoL Beaufoy on,
161.

Navy, the British, Mr. Major on a digest
of the plans of ships in, 32 1 .

Nixon, Mr. his explanation of the theory
of the barometrical measurement of

heights, 44, 81, 164.

Nuts, singular fossil, 431.

M.

M'Keever, Dr. T. on the influence of so-

lar light on the process of combustion,
344.

Mackintosh, Mr. C. his process for render-

ing cloth impervious to air and water,
155.

3\ragnesia, hydrate of, 232.

Magnesite, 233.

Magnetism, 1, 151, 452.

]Major, J. on a digest of the plans of ships
in the British navy, 321.

Mammalia, the, on the natural disposition
of them into tribes and families, 337.

Marble, flexible, Prof. Dewey on, 3 1 3.

Marshall, W. Esq. notice of his paper on
carbonate of copper in magnesian lime-

stone, 151.

Marsupial animals, on their umbilicus,
235,

IMathematics, 335, 372.

]Mathematical principles of chemical phi-

losophy, Rev. J. B. Emmett on, 372.

Mercury, seleniuret of, 290.

Meteoric stone, fall of, in North America,
186.

l\Ieteorological table kept at Stratford, 79,
159,239,319,399,473.

Meteorology, 76, 154, 186.

Mexican proteus, 228.

Mill, Mr. N. on the preparation of acetate

of soda, 113—on the influence of the

moon on the animal and vegetable eco-

nomy, 218.

Minerals, new, M. Levy on two, Her-
scheliteand Phillipsite, 361.

• new American, 314.
'

Mineralogy, 74, 232, 312, 330, .361, 383.

Moon, the, on its influence on the animal
and v^efable economy, 218.

Mount Carmel, petrifactions of, the Rev.
P. Fliskon, 312.

Muscular contraciion developes electricity,
470.

Observations, astronomical, 44, 113, 188,

256, 329, 435.

Greenwich,
390.

chronometrical, Dr. Tiarks's,
224.

Oil gas, 190.

Optical deception, 107.

Organic remains, 153, 225,229, 360.

Oxalate of ammonia, 140.

Patents, new, 77, 156, 237, 318,' 398,
472.

Pearls, artificial, IMr. Gray on the Chi-

nese manner of forming, 389.

Pearson, Rev. W. on an altitude and azi-

muth circle, 70.

Pentremite, 311.

Petrifactions of Mount Carmel, the Rev.
P. Fliskon, 3 J 2.

Philadelphia Academy of Sciences, ana-

lysis of their Journal, 306.

PhUlips, R. his remarks on Dr. Christi-

son's memoir on the detection ofarsenic,
298.

Phillipsite, a new mineral, 361.

Philosophical Transactions, analyses of,

62, 220, 452.

Philosopliy, chemical, on its mathemati-

cal principles, 372.

Photometer, Mr. Ritchie's, 463.

Plagiostoma, on the genus, 153.

Potash, pure, preparation of, 72.

sulphate of, IMr. Brooke on Dr.

Brewster's observations concerning its

crystalline forms, 330.

Pridcaux, 3Ir. J. on the advantages of

high pressure steam, 432.

Froteus; Mexican, 228.
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B.

Rainy, Mr. H. on the specific gravity of

hydrogen gas, 135, 352.

Refraction, 69.

Reptiles and amphibia, Mr. Gray on their

genera, 193.

Rhodium and gold, alloy of, M. Del Rio

on, 251.

Ritchie, Mr. W. on a new photometer,
463.

Roget, Dr. on an optical deception, 107.

Rose, M. H.his analysis of the seleniurets

of the Eastern Hartz, 284—on the

compounds of antimony with chlorine

and sulphur, 416.

S.

Saurians, the, on their circulating system,
384.

Say, Mr. T. on caryocrinites and blastoi-

dea, &c. 311.

Scanlan, Mr. on a compound of iodine

and carbon, 14.

Sea-horse, 396.

Sedgwick, Prof, on diluvial formations,

18.

Selenium in volcanic sulphur, 234.

Seleniurets of the Eastern Hartz, M. H.
Rose on, 284.

Seleniuret of lead, 286.

m. : MINI. Stromeyer and

Haussmann, on, 233.

.- cobaltiferous, 287.

with seleniuret of cop-

per, 288, 289.

with seleniuret of mer-

cury, 290.

of silver, 256.

Shells, British, Mr. Gray on some newly

described, 387.

Ships in the British navy, Mr. Major on

a digest of the plans of, 321.

—— copper sheathing of, papers respect-

ing Sir H. Davy's method of protecting,

15,66,281.
Silicium, 116.

Silicated fluoric acid, 116.

Silver, seleniuret of, 256.

Siren lacertina, 1 52.

Smithson, J. Esq. on a method of fixing

crayon colours, 236—on a sensible ba-

lance, 53.

Snow storm, luminous, 154.

Society, astronomical, proceedings of, 69,
466.

geological, proceedings of, 149,
229.

'

Linnean,

148, 466.
proceedings of, 67,

Society, Medico-botinical, proceedings of,
468.

of Physicians, proceedings of,
469.

Royal, proceedings of, 465.

Soda, acetate of, on its preparation, 113.

carbono-phosphate of, 381.

new salts of, Dr. Thomson, 435.
Sodalite of Vesuvius, 384.
Solar light, Dr. M'Keeveron its' influence

on combustion, 344,

spots, 415.

Sound, velocity of, account of experiments
on, by Dr. Moll and Dr. VanBeek, 268—table of the results of experiments on,

by various philosophers, 281.

South, J. Esq. corrections in right ascen-

sion of 37 principal stars of the Green-
wich catalogue, 38, 245.

Sowerby, Mr. G. B. observations on his

paper on Orbicula and Crania, 243.

Specific gravity of hydrogen gas, 135,
352.

Stars, 37, of the Greenwich catalogue,
corrections in right ascension of them,
38, 245.

Steam, high pressure, JMr. Prideaux, on
its advantages, 432.

Steel, Mr. Tredgold's experiments on its

elasticity and strength, /j20.

Stephens, JMr. E. B. on the means of as-

certaining the tanning powers of astrin»«

gents, 401.

Stone, meteoric, fall of in North America,
186.

Storm, luminous snow, 154.

Stromeyer, M. his analysis of sulphato-
tri-carbonate of lead, 232—of hydrate
of magnesia, 232— or magnesite, 233— '

—of seleniuret of lead, 233—his detec-

tion of selenium in volcaruc sulphur,
234.

Sulphate of potash, Mr. Brooke on Dr.
Brewster's observations concerning its

crystalline forms, 330.

soda, new, 435.
—^—— of zinc, Dr. Thomson on the

method of analyzing, 363.

Sulphato-tri-carbonate of lead, 232.

Sulphoprussic acid, 181.

Sulphur, volcanic, contains selenium, 234.

Sulphuret ofboron, 129.

Sulphuretted hydrogen and carbonic acid,

on their reciprocal action on the carbo-

nates, &c. St<J.

Sumatran ape, 387.

Table ofchemical equivalents, 293, 469.

Tables, meteorological, 79, 159, 239,

319,399,473.
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Tanning powers of astringents, on the

means of ascertaining the, 401.

Temperature of tlie surface water of the

Atlantic, JMr. De la Ikclic on, 333.
Thcnnomctrical state of the globe, S94.

Thomson, Dr. T. analysis of his work on
the First Principles of Chemistry, 1 38
— table of chemical equivalents by, 293
—answer to Mr. Rainy's paper on the

specific gravity of hydrogen gas, 35V—
on the method of analyzing sulphate of

zinc, 363—on carbono-phosplip.te of

soda, 38 1—on three new salts of soda,
43.5.

Tiarks, Dr. J. L. results of his chronome-
trical observations, 224.

Traill, Dr. T. 8. on Sir H. Davy's mode
of protecting the copper of ships, 1 6.

Tredgold, Mr. T. his experiments on the

elasticity and strength of hard and soft

steel, 220.

Trichomanes elegaps, 67.

Turner, Dr. E. and Christison, Dr. R. on
oil and coal gas, 190.

U.

Value of leases, 335.
Variation of the compass, I .

Vegetable and animal economy, 218.

Velocity of sound, account of experiments
on the velocity of, by Dr. JMoll and Dr.
Van Reek, 268—table of the results of

experiments on it by various philoso-

phers, 2Hl.

Venus, the planet, Mr. Emmett's obser-
vations on, 410.

Vertebra' of rc})tiles fCnd an)phibia, 3S6.

Vision, seat of, Mr. J. M'allan on, 258.
Volcanic sulphur contains selenium, 234,

W.

Wallan, Mr. J. on the seat of vision, 258.

Water, surface, of the Atlantic, Mr. De
la Beche on, 333.

WoUaston, Dr. on the apparent direction

of the eyes in a portrait, 63.

Woods, Mr. notice of his paper on the

geoloiiy of the tract between Exeter and

Bndport, 230.

Umbilicits of marsupial animals, 235.

.Unicom, East Indian, 388.

Ursua, on the genus, 59.

Valleys of denudation, 19.

Z.

Zetland islands, 393.

Zinc, sulphate of, Dr. Thomson on the

method of analyzing, 36.3.

Zoology, 17, 59, 97, 148, 151, 152, 193,

225, 228, 229, 235, 241, 306, 315,

337,384,396,42^,471.
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